An Interacting Boundary Layer and a Triple Deck model
of dune movement and ripple formation in water
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two cases:
* (IBL) Interacting Boundary Layer Theory
Lg~L 0~ hg

* (TD) Triple Deck Theory
0 <Lp <0 Rel8 d>> hg



IBL 1

Asymptotic description:

With scales:

X*=Lx,y*=LRel2y , u*=Uogu...

€ = (L/hg)Re V2
Re = UgL/V

Fr2=Uo2/(gho)

e<<1,
Re>>1
Fr =0O(1)<1

we obtain the quasistatic Interacting Boundary Layer Problem:
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- BL equations + matching condition with the perfect Fluid.
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- The movement of the dune (f(x,t)) isslow

- Thereisastrong coupling (01), boundary layer separation is possible

- Turbulence may be added (mixing length theory)



IBL 2
Transport equation

Model of convective/ diffusive transport with a settling velocity
-V < 0 (Boundary Layer scales):

0 0 1 02
(u axCt (v-Vi) ayC) = g 6720.

No income, and flux condition at the wall depending on the
value of the skin friction:

.0 0
If ayu(x,O) <Tw then- ayc(x,O) =0

.0 0 0
if ayu(x,O) >Tw then -ayc(x,O) =B (ayu(x,O) - Tw)P
b=3/2, B=0(1)

Diffusion
convection

loss
gain by} erosion by falling velocity
(function of skin friction)
Bound. Cond.

erodable material

Dune evolution at low time scale (variation = erosion flux + sedimentation):

of(x,t 0
E’)t ) =51 ayc(x,O) + V¢ c(x,0).




IBL 3
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Atinitid time, theinitial bump: f(x,t=0) and the associated computed skin friction
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The dune shape as a functi on of time t=0, 1, 2, 3...,,16 ,00
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Final dune shapes for different starting values of o

Some conclusions

- No displacement of the dune at those scales,

- Final flat portion of the dune (constant skin friction in aconvergent channel)

- Need of asimplified model for even more rapid computations. what happens if the bump is
small?... =>Triple Deck!



TD 1
Triple Deck description (Gajar smith 83)

With ad hoc scales (small bump)

—P>

L > upper deck

main deck

lower deck

Viscous equations in the viscous lower layer ("lower deck")

0 0
aXU + ayV :O,
dp 02

0 L, 0 N .
(Ugu+v ay“) “Tdx T oy24
y-o U-y+A & u(x,f(x) = v(xf(x) =0.

Displacement of the stream lines in the boundary layer: -A
("main deck")

and pressure deviation relation form perfect fluid ("upper
deck")

p= A fluvia flow (Fr<1)

p=-A supercritical flow (Fr>1)

1 A o
P =HE (x-)dE infinite depth

A = 0, very small bump not perturbing the perfect fluid (or Couette)



TD 2
The linearized Fourier solution for asmall bump:

Perfect fluid response ("Upper Deck")
BTF[p] = TFA] ,with =1, -1, 1/|k|, O

and "Lowed Deck" response:
B* TF[p] = (TF[A] + TF[f]), with B* = (-i k)13 /(3 Ai'(0)),

perturbation of pressureis:

THf
TFLp) = g
T perturbation of skinfrictionis:
Ai(0)

T = ( 23 pq) TFIP
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Evolution of the skin friction for a given bump in various flow
regime:

1 subcritical flow (B =1) no upstream influence
2 supercritical flow (g =-1) upstream influence
3 infinite depth (B =1/|k|) global influence

4 no perturbation in the perfect fluid (B = 0) no upstream influence
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We are here near the limit 1 (1 with the chosen scales)
The mass transport equation:

3 (Joudy) =~ cx OV - STyelx ) with  q=(fou)

Ar=- Sla c(x 0) is(T—-Tg)b if 1>T1s

6 .
Ar=- Sl c(xO) is O if 1<Ts

Thefinal problem for the sediments and the flow is:

: ' * f
TR 23 A0 10 ]
gx q=-Vq+Ar and gtf 0

T OX
t=0, f(x,0) = a exp(-1x2), g(x,0)=0.

g

y u(x,y)

by erosion (function of skin friction)

q(x+Ax)

control volume /

erodable material

v><

loss by falling velocity
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Notes on the linearisation,
comparisons with anonlinear resolution of the flow equations
6 T T T T T 010
0.50 —-----—-
200
5r 225 - ]
TN 250 -
4 | / \\. |

1 1 1 1 1 1
-15 -1 -0.5 0 0.5 1 1.5

The wall shear stress du/dy-1 function Xof x as function of the bump height, non linear
resolution. For a=0.10, a=0.5, a=1.0, a=2, a=2.25, a=2.50
2 T T T
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The reduced wall shear stress (du/dy-1)a-1 function of x as function of the bump height, non
linear resolution compared to the linearized prediction.
For a=0.10, a=0.5, 0=1.0, 0=2, 0=2.25, a=2.50
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Remark, influence of the dip velocity
>

ou(x,0)

dy at the bottom, e<<1.

If with, Beavers and Joseph, we write u(x,0) = €

The development of u in powers of :
u(x,y) = up + € ur(x,y) + €2 ua(x,y) + ...

gives
o(X 0) GU1(X 0

uo(x,0) = 0, u1(x,0) = u2(x,0) =

ou(x,0) _ adug(x, O) ‘e 92up(x,0)

ay - ay ayz + 0(82)



TD 6

Evolution of aninitia bump in various régimes, threshold = 0, V=1,
f10( g0 =-Va + @32 dse( 5.0 =-V )

——————————

——————————

supercritical flow (XB =-1) Ar=(1)3/2
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Evolution of aninitia bump in various régimes, threshold = 0, V=1,
if'[>0((%(q =-Vq +(1)3? else(g—xq =-V Q)

infinite depth (B =V/K|) Ar=(1)¥2
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subcritical flow (B = 1) Ar=(1)32
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Evolution of an initial bump in the infinite depth régime, threshold = -0.05, V=1,
if ©>-0.05 ( 37 q =-Vq + (1-(-0.05)32) else ( 37 q=-Vq
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h(x,t=0)
4
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t<100, bump,
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infinite depth case, creation of ripples.
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Evolution of an initia bump in the infinite depth régime, threshold =-0.05, V=1,

11005 (5,0 =~V  + (--(-0.05)32) dse (5, G =~V 9
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t=400, bump, skin friction, pressure, infinite depth case

h(x,t=5000)
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t=5000, bump, skin friction, pressure, infinite depth
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Evolution of aninitial bump in the subcritical régime, threshold = -0.05,
influence of the index of the pick up,

if T>-0.05((%( =-V g + (1-(-0.05)b) else ( %( q=-Vq

6 T T T T T T

T hx=250)b=1 —
h(x,t=250) b=1.5 -
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difference in the pick up function b=1 b=1.5
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Evolution of aninitial bump in the subcritical régime, threshold = -0.05,
influence of thefalling velocity,

if 7>-0.05 ( g—x q

V g + (1-(-0.05)15) else ( g—x =-V Q)
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Evolution of aninitial bump in the subcritical régime, threshold = -0.05,

influence souce magnitude,

if T>-0-05(g7q =-V q +a(1-(-0.05))15) d%(%q =-Vq)
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Conclusion

The advantage of this model isthat alot of hydrodynamical mecanisms have been
put without usua integral smplifications.

The triple deck description alows the movement of the bump...

Of course, the first hypotheses to introduce in the model would be a turbulent
stress viscosity and diffusivity and for the river bed

It would be interesting to introduce the slope limitation.
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