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e Advection schemes
e  Grid structures
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 Time steps

 Conclusions and outlook
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River flows; mostly governed by:
« Balance between bed friction and pressure gradient

» Local accelerations mostly due to topography (e.g. weirs, groynes, bed forms)
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Effect of river training works, e.g.:
- modification of groynes
- parallel dams
- floodplain alterations

Commonly in mm-dm range
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Topview of a river with

... and more ..
/} \
| '

groynes narrowing weir

bend
Sideview of the river
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Groyne lowering and dams
alongside the Waal River

Belween Gorinchem and Nijmegen
450 groynes will be lowered and

partly replaced by dams alongside
At high tide, the Waal River is then
able to flow more easily.

GORINCHEM

Map legend:

‘text’ altered / new
situation

lowered groynes

— dams alongside

national highway

Present situation New situation with lowered groyne
=

New situation with lowered groyne

(low water level) (low water level) (average water level)

beacon

o the navigation channel visible during

Mid-Waal River

TIEL

DRUTEN

WAMEL

GELDERMALSEN

OPHEMERT

beacon /I/

dam alongside

ZALTBOMMEL

lowered
groynes

Dams alongside will replace
the groynes in the inner river
bend between Tiel and Ophemert.
The dams are situated parallel to the flow
direction of the river enabling the water to
flow more easily.

Planning Effect

o Lowering first 70 groynes Nijmegen — Winssen

e Lowering remaining groynes Nijmegen — Tiel

© Lowering groynes Tiel - Gorinchem, dams alongside Wamel — Ophemert
0 Completion water safety

Water levels at extremely high tide
dropped from 6 to 12 cm.

Scale:
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Accurately predict the global backwater in rivers
Important for shipping (sufficient depth) and for flooding (limited depth)
So we need to capture both the global balance and the local energy losses, or:

Two key points in a numerical river model:

=

Accurate balance pressure gradient and bed friction
2. Capturing local energy losses, mostly due to topography (e.g. weirs, groynes,
bed forms)
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However, are our approximations good enough to make such accurate predictions?

Additionally, can | modify my grid or time step after calibration, without being punished?

So we need:

Three key points in a numerical river model:

=

Accurate balance pressure gradient and bed friction

2. Capturing local energy losses, mostly due to topography (e.g. weirs, groynes,
bed forms)

3. Nol/limited spurious energy losses/gains, or at least insight in these losses!
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Not treating the advection right

0.92 . -
water level — — energy head under certain conditions?

Tow drection, A nice solution to the energy
problem! ;)
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When do we have numerical / dispersion / dissipation ?

Diff ; d?u
Dicn: - d3u
isp: 273

Diss: due to spatial variation of the above

— BAW Bundesanstalt fiir Wasserbau




Other flow situations?

Flow over bed forms
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N

Flow over groynes

Energy losses?
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We investigate the backwater due to common obstacles in rivers

Physics: Energy losses due to:

- skin friction drag

- turbulent dissipation in expansions (“form drag”) =0
Numerics: Errors due to:

- grid structure or irregularity
- discretization errors (e.g. in nonlinear advection)
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So we investigate:

Inviscid flow over a wavy bottom (no energy losses)
Focus on the (numerical) backwater, as a function of the:
Grid structure (quads / triangles, regular/irregular)

Grid resolution
Advection scheme (different numerical models, with different schemes)

Time step

HwnNE

To see whether the effect of river training works can be accurately quantified!

Preliminary results only in 2D!

BAW | Bundesanstalt fiir Wasserbau

‘ﬁ




]
Inviscid flow over a wavy bottom _ Peltares TUDelft

STy T L 7 Delft University of Technology
Straight channel
Length L =1000 [m]
Width wW = 240 [m]
Bottom wave length L, =40 [m]
# of bed forms n, (L/'L,) =25 []
Bottom level h =4+0.3sin(2mTn/L—-1/2) [m] (amplitude A= 0.3 m)
Total water depth H ~ 4 [m]
Discharge Q = 960 [M3/s]
Velocity U ~1 [m/s] (Fr~0.16)
Friction coefficient c; = [] | ow-land rivers
5 - Wavy bottom test topography
45 ( A L |
£ F A
35| !
E Ly,
3 200 200 Il 800 300 7000
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Inviscid flow over a wavy bottom _ Peltares TUDelft

STy T L 7 Delft University of Technology
*** 5 Different advection schemes *** 3 Different grid resolutions
(from 3 different numerical models, Dx ~ L,/ 4, L, /8, L,/ 16
that like to remain anonymous) (A0m) (5m) (2.5 m)
*** 4 Different grid structures: *** 3 Different time steps / Courant numbers
- Regqular / Irregular quads C~ 0.3, 1, 3
- Regqular / Irregular triangles (C > 1 only for those schemes that remain stable)
5 - Wavy bottom test topography
45
E .
35t -
; Ly
3 200 200 Il 500 800 1600
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Analytical solution from 1D stationary continuity and momentum conservation:

hu = —
B
u e
—+{(=H
29
1.1
1.05 ;
o
£
= 1
g
=
0.95 ;
0.9 [0] 2(I)O 4(I)0 6(1)0 8!."]0 1 OIOO 1 2IOO

x-coordinate [m]

Water level [m]
~
[(e]
©
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1

7.985 |
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x-coordinate [m]
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Inviscid flow over a wavy bottom Deuf;es TUDelft
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The solution oscillates (with the sinusoidal topography),

but no backwater is generated (which is correct) !

KR
N

Can our models reproduce this?
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8.03
8.025 Numerical backwater

8.02 b

8.015
8.01

8.005 [

Water level [m]

‘N!HI

WAL

7.985 | \ .
i Ana}lytlcal solution

: | | | | l | | | | I | | | | I | | | | I | | | | l | | | | I | | | | I
79800 ""200 300 400 500 600 700 800 900 1000 1100
x-coordinate [m]
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8.03
8.025 | Numerical backwater
Results |
8.02
—_ 8.015 PR AT T A T 7 —] \
€ \ [ | | : / | | AH
= 801
()
>
2 8.005 ]
‘6 8 7 NIY v 7
= 7905 : | V
R In this case: 1.5 cm = (|
T99F 15 % numerical backwater J J J
7.985 | VVV VYV VYV VYV VYV VY VU
: . . . Analytical solution . . . .
79800 200 300 400 500 600 _ 700 800 _ 900 1000 1100
x-coordinate [m]

Numerical backwater AH for a L = 1000 m channel
with 25 bed forms (A= 0.3 m)

Comparing AH/L with a common channel/river slope i, = 10-4:
—> Percentual backwater of AH,, = AH / (L*i,) * 100
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Present situation
(low water level)

Groyne lowering and dams
alongside the Waal River

beacon

Belween Gorinchem and Nijmegen
450 groynes will be lowered and

placed by dams alongside

1 tide, the Waal River is then
able to flow more easily.

New situation with lowered groyne

(low water level) e

In this case:

80 km of river has a natural AH ~8 m
15% of 8 m =

1 m numerical backwater!

(= an extreme case)

WAMEL

N lcgend ZALTBOMMEL
‘text’ altered / new

situation
........ lowered groynes

— dams alongside

national highway

Dams alongside will replace
the groynes in the inner river
bend between Tiel and Ophemert.
The dams are situated parallel to the flow

direction of the river enabling the water to

flow more easily.

Planning

0 Lowering first 70 groynes Nijmegen — Winssen
@ Lowering remaining groynes Nijmegen — Tiel

o Completion water safety

T dam alongside

© Lowering groynes Tiel - Gorinchem, dams alongside Wamel — Ophemert

Feo el el wl el o

2009 2010 2011 2012 2013
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DRU

TEN

New situation with lowered groyne
(average water level)

on cnannet v

A50

beacon /I/

7~

lowered
groynes

Effect

sible during

NIJMEGEN

Water levels at extremely high tide

dropped from 6 to 12 cm.

Scale:




Results

Effect of the advection scheme:

%
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8.04 -
8.035 |-
8.03 |
8.025 |-
8.02 F
8.015
8.01 }

8.005 3

Water level [m]

8
7.995
790 F

7.985 |

Analytical solution

Adv A, quads, dx=2.5m, C=0.4
Adyv B, triangles, dx=2.5m, C=1
Adv C, triangles, dx=2.5m, C=0.5
Adv D, quads, dx=2.5m, C=0.7
Adv D, triangles, dx=2.5m, C=0.7
Adv E, triangles, dx=2.5m, C=0.7
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800 1000
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Results Deltares  TUDelft

- ; Delft University of Technology
Effect of the grid resolution for advection scheme A
(semi-Lagrangian): 407
® CFL
8.04 ~ \ .
- Analytical solution 2. 0 4
8.035 - Quads, dx=2.5m, C=0.4 o [
ok Quads, dx=5m, C=0.2 2 il
8.03 | Quads, dx=10m, C=1 e 5
- Quads, dx=10m, C=3 30+ "
8.025 |- Triangles, dx=5m, C=0.2 a
: 0
— 8.02 I 254 . 25
£ -
= 8.015 F ]
(] [ - 2
0>J 8.01 | F20 8
o E - [ s
0 = o
+ 8.005 F l .
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8 x I
7.995 o - |05
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Results Deltares TU Delft

Effect of the grid resolution for advection scheme B
(semi-Lagrangian):

8.04
Analytical solution -
8.035 Triangles, dx=2.5m, C=1
Triangles, dx=5m, C=1 35
8.03 Triangles, dx=10m, C=1 '
) 04
8.025 -
—_ 8.02 25 | 25
E h
= 8.015 ! 8
[} i . 2
2 801 o0
E 1.5
+ 8.005 ‘ } =
= A

\,’\ fe .
\ a““)\\\\)de |:5

AN ALY I\ AN
d "5 . }l l ! [ :"‘ | /
| J T“ i '\I“
. i 5 \,0\N @
: | I | ] | I | | ] I | | | I | ] | I ] ]
7.98 1000

7.985
200 400 600 800
x [m] o

0 25 5 75 10
Dx
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STy T L 7 Delft University of Technology
Effect of the grid resolution for advection scheme C
(multi-directional upwind): 07
CFL
8.04
—— Analytical solution - 4

8.035 ——— Triangles, dx=2.5m, C=1

' ———— Triangles, dx=5m, C=1 s

8.03 k ———— Triangles, dx=10m, C=1 " '

8.025 B - 4
— 8.02 25 o 25
£
= 8.015 f | . |
g \UA | - 2
o 801F Y 520
5 |
+ 8005 ®
= 154 ®

8 f Al ° I a
7.995 .‘ - e [
7.99 | BURY Q\‘\’\\)
B \}‘ 6«\ o
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Effect of the grid resolution for advection scheme D
(“momentum-conservative, 2" order accurate”): a0-
CFL
8.04
- Analytical solution 25 4
8.035 ——— Quads, dx=2.5m, C=0.7
B —————— Quads, dx=5m, C=0.7 s
8.03 | ———— Quads, dx=10m, C=0.7
- ————— Triangles, dx=2.5m, C=0.7 30
8.025 |- Tr!angles, dx=5m, C=0.7 3
- ———— Triangles, dx=10m, C=0.7
— 8.02 - 234 25
£ -
= 8.015 |-
> : =00 2
@ 801 T
o 1.5
£ 8005
; ; N N " 154
8 | /\ A ® ’
7.995 ‘ ‘ AAA 4 o ® 05
7.99 sk
- | y ' ® ' 0
HM»‘.' J 8
u | N 0\ Z
L | | | | | 1 I I | | | | | | L 1 J \
7.98 200 400 600 800 1000 0 Q
x [m] 0 25\,Qa"“[:)t ;"5 10
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Effect of the grid resolution for advection schemes D and E

Delft University of Technology

(“momentum-conservative, 2" and 15t order accurate”): a0-
8.04 CFL
T F ——— Analytical solution 5 4
8.035 F —— Triangles, dx=2.5m, C=0.7
i — Triangles, dx=5m, C=0.7 15
8.03 F — Triangles, dx=10m, C=0.7
- ————— Triangles, dx=2.5m, C=0.7 (1st order) 301
8.025 Triangles, dx=5m, C=0.7 (1st order) 3
- ————— Triangles, dx=10m, C=0.7 (1st order)
. 802F 25+ 25
£ -
= 8.015 |- ,
d>J - F20
o 801fF
T
Q i [ ‘ . 1.5
= \AAAI’\M . ! ,
i 4 \ it ./ i ! g | fh! | X ]
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e e |
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Results

Effect of the grid structure (advection schemes A and D):

Enabling Delta Life 7
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8.04

8.035

8.03

8.025
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8.015
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8.01

8.005

Water level [m]

8

7.995

—

7.99

7.985

III\I\III\

7-98 | I | L | I | L I

Analytical solution

Adv A, quads, dx=2.5m, C=0.4
Adv A, quads, dx=5m, C=0.2
Adv D, quads, dx=2.5m, C=0.7
Adv D, quads, dx=5m, C=0.7
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Effect of the grid structure (advection schemes A and D):

8.04 —~
. ———— Analytical solution
8035 —— Adv A, triangles, dx=2.5m, C=0.4
- ———— Adv A, triangles, dx=5m, C=0.2
8.03 | ——— Adv D, triangles, dx=2.5m, C=0.7
- ———— Adv D, triangles, dx=5m, C=0.7
8.025 |-
8.02 |-
£ -
= 8.015 |
g -
o 801F
5 u
= 8.005
=

s I
7.995

7.99

7.985

7.98
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Effect of the grid regularity (advection scheme B):

Water level [m]

7.995

8.04
8.035 F
8.03 |
8.025 |
8.02 F
8.015

8.01 f
8.005 H|

sk

7.99 F

7.985

- Analytical solution

- Adv B, triangles, dx=2.5m, C=1

Adv B, triangles, dx=5m, C=1

Adv B, triangles (irreg), dx=2.5m, C=1
Adv B, triangles (irreg), dx=5m, C=1

7.98 &

200 400 600 800 1000
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Effect of the grid regularity (advection scheme D):

8.04 —

- Analytical solution
8.035 Adv D, triangles, dx=2.5m, C=0.7
- Adv D, triangles, dx=5m, C=0.7
Adv D, triangles (irreg), dx=2.5m, C=0.7
Adv D, triangles (irreg), dx=5m, C=0.7
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8.025 |-

8.02 f—

®
o
e
(&)
|

8.01 |

8.005

Water level [m]

(ee]

7.995

7.99 F

7.985 |
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Tests using subgrid method:
Effect of subgrid was found to be very limited for this test
(no bottom friction, but improved volumes and cross-sections...)

Requires some more investigation
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1) Coarse grid computations may show different dependence on grid structure, advection
scheme and time step, than fine grid computations.

2) The type of advection scheme may strongly affect the numerical backwater
2) (Near-)momentum conservative schemes provide less numerical backwater

4) Quadrilateral grids show slightly less numerical backwater than triangular grids
(except for advection scheme A, but the triangular grids results were not stationary)

5) Grid irregularity introduces some numerical backwater but not very significant
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1) Get the triangular grid computations using advection scheme 1 stationary

2) Analyze the schemes for the origin of the numerical backwater (and the differences)
e.g. effect of bottom discretization is unknown

2) Test the effect of:

- local grid refinements

- quad / triangle transitions

3) Test for larger Froude number

4) Tests in 3D (o- and z-layers)

5) Further test the effect of subgrid
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Thank you for your attention!

12X2TC

AND IT WAS DELICIOUS

Do you have any questions?
R N 7
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