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Abstract

This paper is devoted to the study of the existence of weak solution in time with
a periodic domain of sediment transport model. We consider a one-dimensional
viscous sediment transport model which combines a viscous Shallow-Water
system with a transport equation that describes the bottom evolution. The mod-
el studied does not take into account all the regularizing terms used by Roamba
Brahima, Zongo Yacouba and Jean de Dieu Zabsonré (2017) and we use a better
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1. Introduction

In this paper, we study the existence of global weak solutions of one-dimensional
sediment transport model. This work takes its inspiration from the work done in
[1]. It should be noted that the author showed the stability of the weak solutions
of a sediment transport model. The model presented is given on one dimension

by the following equations:

0,h+0, (hu)=0, (1)
0, (hu)+0, (hu” ) =0, (ho u)+ghd, (z, +h)=0, (2)
0,z, +0, (qb (h,u))—%aizb =0. (3)

where A, z, u represent respectively, the water, the sediment heights and the
water velocity. The constant g >0 is the gravity number and v the kinematic

viscovity. The discharge for the solid transport used by the author is:
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2 m
q, (hou) = ,Bhu(c1 u|" +c, )+ ,
where f,c, and c, are the real numbers satisfying:
1 I
¢, <0, 0<¢<——, 0<m<— with u, =max{u,0}
4mp 2

In theory, the equation that describes sediment transport is a continuity equa-

tion. The expression of the conservation sediment volume equation is given by:

0,2, +0.q, =0, (4)

where [ = !
1-p,

and p, is the porosity of the sediment layer, z, is the

movable bed thickness and ¢, is the solid transport discharge (see [2]). In lite-
rature, many mathematical models describing the sediment transport with dif-
ferent expressions from solid transport discharge have been the subject of several
studies (see [2] [3]). Among all these models, the best one to describe the solid
discharge is given by the form:

q, =z,u (see[4]).

Let us next recall some results on the existence of solutions of the one-dimensional
Navier Stokes equations and viscous sedimentation models.

In [5], the author proved the existence of global weak solutions for 2D viscous
Shallow Water equations and convergence to quasi-geotrophic model. In the
paper, the authors shown the control of the vaccum thanks to an entropy named
BD-entropy, which was introduced firstly in [6]. We note that the authors in [7]
[8] have used this BD-entropy to get existence result of global weak solutions for
Shallow-Water and viscous compressible Navier-Stokes equations. We have used
this entropy in our work.

The authors in [9] have proved a result of global strong solution to the Navi-
er-Stokes system with degenerate viscosity coefficient. This work has been de-
veloped in [10].

We integrate their ideas to limit the water height.

In [11], the authors show the existence of global weak solution for pollutant
transport model; to have their result, the authors make a technical hypothesis on
the pollutant layer and water layer in the form

hy <h, (5)
where /,h, represent respectively the pollutant and the water height.

The model studied in [11] comes from the form:

O,h +0, (hu,)=0,
2y, | 2 a S 3
0, (hu,)+0, (hlu1 ) +Eg6xh1 —4v,0, (mou, ) +—y (b )u, — = ok
1 1

6
il |u1|2 u, +rgh0.hy +rghy0, (hl + hz) =0, (©)

%+ax<h2ul)+ax[_h;L[A;hz]arpz}o,
pm\c 3, '
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with

-1

a
0.p, = p,80, (h +h,) and y(hl)=[1+§h,] . (7)

1
where A,h, represent respectively, the water and the pollutant heights, u, is
the water velocity, p, and p, are the densities of each layer of fluid; the ratio
of densities is denoted » = &, v, is the kinematic viscosity, p, the pressure

P
of the pollutant layer and g is the constant gravity. The coefficients 6., a, ,
¢, are respectively the coefficients of the intrefaz tension, friction at the bottom,
quadratic friction and friction at the interfaz.

From a mathematical point of view, the momentum equation of the studied
model is similar to this model except that does not take into account the laminar

. A o .
and quadratic friction terms (—y(h )u, and rh, |“1|2 u,) and the intefaz ten-
1

1)
sion term (—%,0%, ). And these terms have been instrumental in showing the
1
strong convergence of Jhu in[11].
In this paper, we investigate the following regularized model with better

transport equation:
0,h+0, (hu)=0, 8)
0,(hu)+0, (hu”) =210, (ho u)+ghd, (z, +h)+gz,0, (h+£2,)=0,  (9)
0,2, +0, (z,u)—v03z, =0. (10)
where (7,x)e(0,7)x]0,1[ .
We introduce the ratio of densities by 1, we note ¢ = 1 and we assume that

r

l<e<2 and Ve>1,thereexist @ suchthat 0<a<s-1. (11)

The two Equations ((8), (9)) form the hydrodynamic component that is mod-
eled by the equations of shallow water that are used to study fluid movement.
The last two terms in (9) are terms of exchange that are obtained by derivation
(see [12]). The morphodynamic component is shaped by a sediment transport
Equation (10).

In our paper, we make a similar hypothesis assuming that
z, <g(£—a—l)h. (12)
&

This condition implies that the thickness of the sediment layer is small com-
pared to that of the fluid. It will allow us to recover the BD entropy.

In this work, our contribution from the mathematical point of view is on the
one hand to show the existence of weak solutions of a sediment transport model
without regularizing terms (friction terms and tension terms), which the authors

in [11] have resorted to have a result of the existence of weak global solutions of
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pollutant transport model. On the other hand this paper means the result of sta-
bility in [1] or we consider one-dimensional regularized sediment transport
model using a better transport equation than the one used in [1].

Our paper is organized as follows. First of all, we give in the Section 2 the de-
finition of global weak solutions. Secondly, we establish a classical energy asso-
ciated to our model, which give some regularities on the unknowns. Thirdly, we
give some results allowing us to limit inferiorly the height of water which is very
fundamental for the continuation since this limit study gives us additional regu-
larities on the unknowns. Fourthly, we give an existence theorem of global weak
solutions. And finally, we give the proof of the energy associated to the model

and existence theorem including the limits passage in the Section 3.

2. Mains Results

We start this section by giving the initial conditions of model and the definition
of weak solutions to (8)-(10).

h(O,x)=h0 (x), z, (O,x)zzbﬂ (x),
w(0.5) =0, (x). (h)(0.0)=m,(x) inJo.]. (13

hy eLz(Ol) Zy, eLZ(Ol) 6x(h0)eL2(0,1),
o,myeL'(0,1), my=0 if hy=0, P?:zi

0

L(0,1). (14)

Definition 2.1. We say that (h,z,,u) is a weak solution of (8)-(10), with ini-
tial data (13), (14) veritying the entropy inequality (18); if for all smooth test
functions ¢=¢(t,x) with ¢(T,)=0, we have.

o (0.)= [ [ o, g~ || hud 4 =0, (15)
2, 6(0.)-[ j; 20,0~ [ zuo,p+v], [ 02,0, =0. (16)
iy (0,.) = [ [ o g~ [ [ o g+ 2] [ houo.¢
+ef, L ho,z,) ¢+, [ (z,0.1)¢ a7
vef, (0.0 g+ g, [ (z,0.2)9=0.

Proposition 2.1. For (h,u,zb) smooth solution of the system (8)-(10) with
boundary conditions (13)-( 14) we show the following relation:

jh|u+v8 logh| l v)j hlul* +— gf[h+zb| +(e=1)|z, }
axzb| (18)

e s

Corollary 2.1 Let (h,zb,u) be a solution of model (8)-(9). Then, thanks to
Proposition 2.1 we have:

?<0.
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Jhu isboundedin I” (0, T;I? (0,1)) , \/Zaxu is bounded in
(0,7:1(0,1)),

hisboundedin L* (0, T I’ (0,1)) , z,is bounded in I~ (0, T’ (0,1)) ,

0.h isboundedin I’ (O,T; I? (0,1)) , 0.z, isboundedin I’ (O,T; I? (0,1)) ,

ax\/Z isbounded in L” (O,T;L2 (0,1)) ,

(1 Il—%j@xh is bounded in I* (O,T;L2 (0,1)) ,
&

(——Z—b-fg—a—lj@rzb is bounded in I* (O,T; r (0,1)) .
2 h ’

Remark 2.1 Thanks to the Corollary2.1, we have

hisboundedin L” (O,T; I? (0,1)) , 0.h isboundedin I’ (O,T;L2 (O,l)) ,

which implies that 4 is bounded in L” (0, T;H' (0,1)) . According the Sobelev
embeddings, we have:

hisbounded in I~ (0, T;L" (0,1)) .

We deduce when there exists constant S <o such as:
h<
Corollary 2.2. (see[9])

There exists a constant C >0 such as
h>C. (19)

Thanks to the Remark 2.1 and the Corollary 2.1, we have the following addi-
tional regularities:
Corollary 2.3. Let (h,z,,u) be a solution of model (8)-(10).
Then, thanks to Corollary 2.1, Corollary 2.2 and sobelev injections, we have:
hisboundedin L° (O,T;L“‘ (0,1)) , z,isbounded in L~ (O,T;E0 (0,1)) ,
uis bounded in L” (o, T;L* (0,1)), Jh isboundedin I” (o,T; L (0,1)),
huisbounded in L” (O,T; I? (0,1)) , 0,h isboundedin L* (O, w2 (0,1)) .
We need the following three lemma for proof of the above Proposition 2.1.
Lemma 2.1. (Energy equality) Let (h,z,,u) be a smooth solution of (8)-(10).
Then the following equality holds
1dp
2.de
+2v[ h(0.u) +vg[,0,hd,z, =0.

|:h|u|2 +g|zb +h|2 +g(g—1)|zb|2J+vggj; 6xzb|2

(20)

Lemma 2.2. If (h,zb,u) is a smooth solution of (8)-(10), the following
equality holds:

2

0.h

d

1 1
=[,h(eu) - gJ‘O[1+5%’J6xh8Xzb.

o, log [’ +%j;u5xh+gjol(l+%’)
(21)

Lemma 2.3. (BD-entropy) For smooth solutions (h,zb,u) of (8)-(10), we
have the following equality:
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1dp 2 1 z 2

Eajoh|u+vax log | +gv'[0[1+7bj ; .
vd

=v[ h(ou) —gv] [1+g7ja ho .z, + E.[;h|u|z

Theorem 2.1. There exists global weak solutions to the system (8)-(10) with
initial data (13), (14) and satistying energy inequality (18).
3. Proof of the Energies Inequalities and Theorem 2.1
3.1. Proof of Proposition 2.1

Proof Lemma 2.1

First, we multiply the momentum equation by zand we integrate from 0 to 1.

fyu(0, (me)+ 0, (hu ))%E gud i* ~2v| 3, (vho u)u
(23)
[ hud, (z,+h)+g[ zud, (h+ez,)=0.

We use the mass conservation equation of (8) for simplification. Then, we

obtain:
o [ud,(hu)+o, ()= ;%a,(huz)

o 2v[ 0, (hou)u=2v[ h(0u)

o gl ho,(h+z,)u=—g[ (h+z,)0 hu= %g%j{”hr +g[ z,0,h
gj zud (h+¢z,)= —gj (h+ez,)(-0,2, +v02z, )

= gJ,hd,z, o1

2

Substituting all these terms we find

gga_[o |zb|2 + vgjo 0.ho z,

;j [h|u| +g|h| }+2v'|.h6u +g_[6 zb + gg f|b|

+vg jo d.hd z,

(29)

Next we simplify to have the proclaimed equality.
Proof. Lemma 2.2

Using again the equation (8) to find
0,0,h+0, (hou)+0, (ud h)=0.
Replacing 0.4 by ho, logh, we have:
0,(ho, logh)+0, (hou)+0, (hud, logh)=0
We multiply the previous equation by 0 _log/ to have:

o.hY o.h)
%Q(h(logh)Q)—%( ;ﬂ) Gx(hu)+6iu6xh+2ﬁxu%+u6ih%=O. (25)

Let us multiply the momentum equation by 0 log/ and simplify to have:
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o.h)’
(0,u+ud h)d h— 2V6xuu— 20%ud h+g(d,h)
h (26)

+g0.2,0 h+ g%axhaxzb = 0.

We multiply the Equation (25) by v add to the Equation (26) and integrate
to have

2

2 IZb
+gj07 d.h

0, loghf" +g[ 0.h

d g1

—\| h
v dt J.O
=], (0 +ud,u)oh-g[ 0,.h0,7, - gej;%@xzbéxh,

We use the mass equation to rewrite: (0,u+ud.u)d.h as
(O,u+ud u)o.h=0ud h+(-0,h—hou)ou
=0, (u0,h)+0, (ud,h)—ud, (0,h)+ud, (Qh)—h(axu)2 .
So we have:
d
— | A
Varh
1 2 1 Zb
= J.Oh(axu) —gJ'O 1+ 57 0.ho z,.

Proof Lemma 2.3

2

2 IZb
Jrgjo7 d.h

0.h

o, logh[* +% [ud.h+gl]

We multiply the Equation (21) by v, to have
2 d

vi—| h
ah

=v[ h(ou) - gv_[;[1+g%”j6xh8xzb.

2

0.h

8, loghl’ +v%jolu6xh+gv_[;[l+%”j

(27)

We add to the right and left of the Equation (27) the term Vdij.;h|”|2 to
t

have the proclaimed inequality.
To complete the proof of the Proposition 2.1, we sum up the tow energies of

the Lemma 2.1 and Lemma 2.3 and we use the inequality ab S%(az +b2) to

have the proclaimed result.

3.2. Proof of Theorem 2.1

This section is devoted to the prove of Theorem 2.1. Let (hk,zf,uk) be a se-

quence of weak solutions with initial data

_pk k| _ ok Kk _ ok
=hy, z,| =2z, (hu) =m,

t=0

h"|

t=0 |t:0

such that

2

hy > hy inL(Q), zi >z, inL'(Q), mj—m, in(L(Q),

and satisfies
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2 2 2
+v2hy |0, toghy |+ fus |

up +10, log(hé )

NG

+2g|h0k +z,

2+2g(8—1)|z§0|1SC.

Such approximate solutions can be built by a regularization of capillary effect.

3.2.1. Strong Convergence of h*, h* and 7z,

We first give the spaces in which \/hT is bounded.
Integrating the mass equation, we obtain directly \/}7‘ in L” (O,T;L2 (0,1)) .
As Corollary 2.3 gives us 0 A" in I (0, T, (0,1)) , SO

Vi isbounded in (0,727 (0,1)). (28)
Moreover, always using the mass equation, we obtain the following equality:
on* =%\/h76xuk —ax( hkuk)
= %\/hTaxuk —ukaxx/hT—\/hTaxuk

which gives that 6t\/h_k isbounded in I? (O,T; I’ (0,1)) .
Applying Aubin-Simon lemma ([13] [14]), we can extract a subsequence, still
denoted (h" )l<k , such that

N strongly convergesto /A in I’ (O,T;L2 (0,1)) .
According to the Corollary 2.2, we show that

it = | < e A" | = = <,

This ensures that

i [

h* strongly converges to Ain I’ (O,T;L2 (0,1)) .

Wehave z} e’ (0, T;L* (O,l)). Moreover, we have
0,z =0, (z,’fuk ) +102z,.

We have z[f el” (0,1) and u* e’ (0,1) , s0 Hutel? (0,1) , according to
the Sobolev embeddings, we show that the first term is in #~"?(0,1). By anal-
ogy we prove that the last term is in the same space and we also get 0,z; in this

space. Thanks to the Aubin-Simon lemma, we find:

z} strongly convergesto z, in I’ (O,T;W‘l’2 (0,1)).

3.2.2. Strong Convergence of h*u* and u"
We have A* that’s bounded in I* (0,T;L°° (0,1)) and u* that’s bounded in
I (O,T;L“’ (0,1)) , What gives us /‘u" isbounded in I* (O,T; L’ (0,1)) .
Let’s look now &, (h"u") . We have:
o, (hut)=hou" +u'o ',

basing on the estimates obtained on 4* in Corollary 2.3, we get:
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h*u; bounded in I (O, T,w'? (0,1)) .

Moreover, the momentum Equation (9) enables us to write the time deriva-

tion of the water discharge:
o, (W)= -2, (h" ('Y ) —%g@xh“ +2v,0, (Ho,u)
—gh'0 z; —gz/0, (hk + gzl’f)

we then study each term:

e 0, (hk (uk )2 ) =0, (hkuk (uk )) which isin I? (O,T;W“’2 (0,1)) .

e as /' isin I°(0,7:L7(0,1)), and 8,h* is in [*(0,7:2°(0,1)) and we
can write the following relation:

0, [(h" )2} is bounded in  L* (0,73 (0,1)) .

. ax(hk(?xuk) is bounded in LZ(O,T;W’I’Z (0,1)).
e The last three terms are bounded in [” (0,T; w2 (0,1)) .

Then, applying Aubin-Simon lemma, we obtain,

(hkuk )/ stongly converges to hu in C° (O,T;W'l’2 (0,1)) .

3.2.3. Strong Convergence of u*, h‘0_u* and NP

Thanks to Corollary 2.3 and Corollary 2.2, we have u*, in bounded in
r (O,T,L“‘ (0,1)) and 0 u" is bounded in I’ (O,T,L2 (0,1)). In order to ob-
tain new estimates on u*, we are going to control the right hand side of the

following equation:
ou* =-u"d u* +2v0, logh*o u" —go h* - go z;
—gz;0, logh" — gg%”axz,’f +2v0°u".

Thanks to the estimates obtained on 4, z and u*, all the terms to the
right of equality except the last term are in I (O, T, I’ (0,1)) .

On the other hand, 0 u* is bounded in I* (O,T, I? (0,1)) , this leads us to
0’u* is bounded I’ <O,T,W'1’2 (0,1)) Aubin Simon’s lemma leads us to the

following result:

(uk )k strongly converges to zin I’ (O,T; w2 (0,1)) .

However, the function (4*,0, 4" )+ #*0 4" isa continuous in
L(0,7:27 (0,1))x 2 (0,T: L (0,1)) to (0,752 (0,1)).
So,
h*0 u* weakly convergesto hd.u in I’ (O,T;L2 (0,1)).
Thanks to the Corollary 2.2, we say that it exists constants 0<a and

B<+o suchas a<h' <p.

For all constant x> £, we have the following norm:
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k, Kk
hu —

2
T el 2
h SKIOIO|uk—u| -0

L

So,

\/hTMk strongly converges to Jhu in I? (0, T;(L2 (Q))z) .

3.2.4. Strong Convergence of zju*, 8 h*, 0.z z:0.h*, z;0 0" Koz,
and 7,0 z,
e We have 0 /4" bounded in I* (O,T;Hl (O,l)) and 0,0 4" is bounded in
L°°(0,T;H-2 (0,1)) since 9,4* is bounded in L”(O,T;H" (0,1)). Thanks
to compact injection of H'(0,1) in £*(0,1) in one dimension, we have:

0.h" strongly convergesto 0.4 in I’ (O,T;L2 (0,1))

e Theboundof 0.z in I’ (O,T;L2 (0,1)) gives us:
0,z; weakly convergesto 0.z, in I’ (O,T;L2 (0,1)).

e Thanks to the strong convergence of 4", z;, 04", we have:

h*0_h* strongly convergesto hd h in L' (O,T;L1 1)),
zy0_h* strongly convergesto z,0.h in LI(O,T,L ,1)),
(0.7:2(0.1)),

h'0 z; strongly convergesto hd.z, in L (0,7;L (0,1

2,0z} strongly convergesto z,0 .z, in L' (O,T;LI(O,I)).

To end we have u* weakly converges to u in I’ (O,T;L2 (0,1)) and the

strong convergence of z; to z,, gives us:

zyu* weakly convergesto hu in I (O,T;L' (0,1)).

4. Conclusion

This paper extends from a mathematical point of view the work done in [11], or
the authors showed a result of the existence of global weak solutions of a pollu-
tant transport model using regularizing terms such as (the friction terms, ten-
sion term). Moreover, the work done in this article takes inspiration from the
work done in [1], or we show the existence of global weak solutions of a
one-dimensional sediment transport model with regularizing terms (exchange
terms) and physical hypothesis, without the regularizing terms used in [11] con-
sidering a better transport equation than that used in [1]. In our future work, we
will work to remove the physical hypothesis, regularizing terms and focus on

results of the existence of strong solutions.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

DOI: 10.4236/jamp.2021.95073

1074 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.95073

R. Brahima et al.

References

(1]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

Zabsonré, ].D.D. (2012) On the Stability of Weak Solutions of Sediment Transport
Models. Annals of the University of Craiova, Mathematics and Computer Science
Series, 39, 86-96. http://inf.ucv.ro/ami/index.php/ami

Castro Diaz, M.]., Fernandez-Nieto, E.D. and Ferreiro, A.M. (2008) Sediment
Transport Models in Shallow Water Equation and Numerical Approach by High
Order Finite Volume Methods. Computers & Fluids, 37, 299-316.
https://doi.org/10.1016/j.compfluid.2007.07.017

Grass, A.J. (1981) Sediment Transport by Waves and Currents. SERC London Cent.
Mar. Technol. Report, No. FL29.

Boyer, F. and Fabrie, P. (2012) Mathematical Touls for the Study of the Incompres-
sibles Navier-Stokes Equations and Related Models. Applied Mathematical Sciences,
vol. 183, Springer Science+Business Media, New York.

Bresch, D. and Desjardins, B. (2003) Existence of Global Weak Solution for 2D
Viscous Shallow Water Equations and Convergence to the Quasi-Geostrophic
Model. Communications in Mathematical Physics, 238, 211-223.
https://doi.org/10.1007/s00220-003-0859-8

Bresch, D., Desjardins, B. and Lin, C.K. (2003) On Some Compressible Fluid Mod-
els: Korteweg, Lubrication and Shallow Water Systems. Communications in Partial
Differential Equations, 28, 843-868. https://doi.org/10.1081/PDE-120020499

Bresch, D., Desjardins, B. and Gérard-Varet, D. (2007) On Compressible Navi-
er-Stokes Equations with Density Dependent Viscosities in Bounded Domains.
Journal de Mathématiques Pures et Appliquées, 87, 227-235.
https://doi.org/10.1016/j.matpur.2006.10.010

Toumbou, B., Le Roux, D. and Sene, A. (2007) An Existence Theorem for a 2-D
Coupled Sedimentation Shallow-Water Model. Comptes Rendus Mathematique,
344, 443-446. https://doi.org/10.1016/j.crma.2007.01.026

Haspot, B. (2018) Existence of Global Strong Solution for the Compressible Navi-
er-Stokes Equation with Degenerate Viscosity Coefficients 1D. Mathematische
Nachrichten, 291, 2183-2203. https://doi.org/10.1002/mana.201700050

Kang, M.-]J. and Vasseur, A.F. (2020) Global Smooth Solutions for 1D Baratropic
Navier-Stokes Equations with a Large Class of Degenerate Viscosities. Journal of
Nonlinear Science, 30, 1703-1721. https://doi.org/10.1007/s00332-020-09622-z

Roamba, B., Zabsonré, J.D. and Zongo, Y. (2017) Weak Solutions to Pollutant
Transport Model in a Dimensional Case. Annals of the University of Craiova, Ma-
thematics and Computer Science Series, 44, 137-148.
http://inf.ucv.ro/~ami/index.php/ami/issue/view/76

Fernandez-Nieto, E.D., Morales De Luna, T., Narbona Riena, G. and Zabsonré,
]J.D.D. (2017) Formal Derivation of the Saint-Venant-Exner Model Including Arbi-
trarily Sloping Sediment Beds and Associated Energy. Mathematical Modelling and
Numerical Analysis, 51, 115-145. https://doi.org/10.1051/m2an/2016018

Lions, J.L. (1969) Quelques Méthodes de Résolution des Problémes aux limites
Non-Linéaire, Dunod.

Simon, J. (1986) Compact Set in the Space L”(0;t;B). Annali di Matematica Pura
ed Applicata, 146, 65-96. https://doi.org/10.1007/BF01762360

DOI: 10.4236/jamp.2021.95073

1075 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.95073
http://inf.ucv.ro/ami/index.php/ami
https://doi.org/10.1016/j.compfluid.2007.07.017
https://doi.org/10.1007/s00220-003-0859-8
https://doi.org/10.1081/PDE-120020499
https://doi.org/10.1016/j.matpur.2006.10.010
https://doi.org/10.1016/j.crma.2007.01.026
https://doi.org/10.1002/mana.201700050
https://doi.org/10.1007/s00332-020-09622-z
http://inf.ucv.ro/%7Eami/index.php/ami/issue/view/76
https://doi.org/10.1051/m2an/2016018
https://doi.org/10.1007/BF01762360

	On the Existence of Global Weak Solutions to 1D Sediment Transport Model
	Abstract
	Keywords
	1. Introduction
	2. Mains Results
	3. Proof of the Energies Inequalities and Theorem 2.1
	3.1. Proof of Proposition 2.1
	3.2. Proof of Theorem 2.1
	3.2.1. Strong Convergence of ,  and 
	3.2.2. Strong Convergence of  and 
	3.2.3. Strong Convergence of ,  and 
	3.2.4. Strong Convergence of , ,  ,   and 


	4. Conclusion
	Conflicts of Interest
	References

