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D-Flow Flexible Mesh

Hydrodynamic modelling using structured and
unstructured meshes
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Present modelling situation

Aims

Basic test models

Currently implemented model input &
output

Current and past project models

3D prototype

Options for next steps
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Not m x n quads, but instead a
network of ‘nodes and links’:

» 1D network and 2D/3D grid
in one model (flexible coupling)

* Work horse remains based on
curvilinear grids (accurate,
efficient)

* Local refinement through

coupling with triangles,
pentagons.

Deltares



We still advise orthogonal curvilinear grids in majority of domain:

« Very accurate (align with channels, gullies, coast lines)

» Experienced and skilled user base

» Couple and refine by triangles, pentagons: best of both worlds.
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Wetbed Dambreak for different grid types

Time S H<D: 5408, aDa 1. 588 8.853 dt: S.888 FAeg.dt: 5. 708 CPU-step: B.988 Tot: 9.4 Sol. frac: 8 SE3
k#nplot 1 188 znodinn 2 Z . BRRREA LUoll: B.Z55ec813E+89 Uler: B.89486957FE-AT7 Hostb: B Hdt : 2P0 Hit=ol: <
HCG: 4559 HGzu=s=: 18228 Hexpl: B et 12472 $H#chk adued: 8 #nodneg: 5] H=lit: 5]

On all shown grids, shock
wave is well represented.

(see sideview/topview)

Aue Difference
Rmg Difference
Maw Difference

Cum Difference




Time S-HAD: Z171A. 814 5.892 B.245 dt: Z.898 Auwg. dt: 1.9% CPUsstep: B.APa Tot: T&.A Sol.frac: B.V7S
k- nplot: 1 108 s1dinn s 4. B73742 Zznodinn »: 4. RzZ9s9 h=sau: 4. PRAZTVI9452 Hsetbh: A #dt: 1PEZ6E Hitsol: 7
cH 23294 H#HGauss: ZE81Z Hexpl: 8 Hast: SEs  Hohk adud: 8 #Hnodnea: a H=1lit: 5]

Large difference in steady state discharge due to staircase wall friction!
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Time SsHAD: ZA97A . 419 S5.8E25 B.243 dt: 1.985 Auvg.dt: 1.686 CFU-step: B.00a Tot: SA.7 Sol.frac: B.TES
ksmplot: 1 188 =1dinna: 4. 873749 znodinn iz 4. EBZos9 g1 H 4. BR2ETTR4E Hzetb: g #dt: 12856 #itsol: =]
HCG: 2294 HGauss: ZE1Z Hexpl: B Huet: SERE  Hohk aduwd: A #Hnodneg: a H=1it: (5]

Cutcell approach on structured grids does produce accurate discharge values.
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Drainage channel Hong Kong — need for resolution? =

peak flows ~ 6 m/s
T
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Drainage channel 2: cross section resolution

How much resolution is
needed to capture
channel's shape?

(# cells in cross sections)

Channel inclination = .0075

4 m

v

A
v
A

8m 8m
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. H T, ETE]
= 1 = e = G G
HCG: 0 HE5au=s=s: 25 Hexpl: B Hoet 95 Hchkadod: A& Hnodneg:

The computed discharge
does not converge when
increasing # cells, when

using tile depths.

node welocity
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The computed discharge
does not converge when
increasing # cells, when

using tile depths.




Converged answer = wrong answer

No matter how many tiles in cross direction: wall friction is never
accounted for and bottom friction underestimated.

Solution: 2D analytical conveyance: compute friction integral along
entire cell's edge, based on bathymetry at cell’'s corner points.
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il Elabbaiala Ll Lb=hlk b Lkt pRd SEAAARDE DS Uler: — S61ESTESE-AS Hos=th:
il EENEEE SEE Hewpl: RIS B b W Sme | Hehlk achud: TEED Hnodneg:

The computed discharge
now does converge
when using 2D
conveyance.




K 5 T, ETETE]D . EIE] K] i 2 i L= = H 2 L] =] =1 1 ETETE] | - . . el
A he ot T SR Erod & 949581 == Bl e b | = Uler: 8. 25919178EH2 H==th: Hit=ol:
HCG: 0 HE5au=s=s: 25 Hexpl: B Hoet 95 Hchkadod: 1534 #Hnodneg:

The computed discharge
now does converge
when using 2D
conveyance.

velocity




Same channel, 45 deq. rotated grid

Time S-HAD: 1208, BRR A Azl db: 0121 Peg.db: Pl -step: B .P0A Tot : i7. 1

k snplot : 1 108 znodinn ? 7.1 Uoll: 8. 1907358 3E+A5 Ul A7 S2ESAS et b B Hdt

4G 312 #Bauss: ass et W — | B ocneas S The Computed discharge
now does converge
when using 2D
conveyance.
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D-Flow Flexible Mesh: Grid integration of 1D, 2D, 1D2D-

Time S-H-D: 1208, BRR 5 e B.Aaz1 dt: B.&12 Poeg.dt: B. 618 CPU step: B A8 Tot: 4.9 3
ksnplot = 1 188 znodinn e 5 [ s LUoll: 8. 99924339E+85 Uler: B.13871FEEE-AZ H==tb: B Hdt =

HOG: 8 #Gauss=: 186 Hewxpl: 8 #Huet 125  #chkadod: 8 #nodneg: a H#=1it: The Computed diSCharge
— also matches across 1D-
2D couplings.

Same channel,
now as 1D |
network branch §
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Volume

Mass

Momentum
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Advection term gets contributions from
left and right nodes

Zl: {ZQ(UIH o U) ZQ(uout —U)}

out
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Pure orthogonalization
algorithm is highly
nonlinear, can make/
things worse.




with a bit of Laplace
smoothing: high
quality grids.




D-Flow FM test: tidal motion Cb"ﬁ‘.\txinental shelf =
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CSM model Courant grid (coarse in deeper parts
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CSM model Courant mesh
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Nr of cells : 340.000
Dxmin : 780 (m)
Dymin : 730 (m)
Dxmax = 28500 (m)
Dymax = 23500 (m)




~ cSMmotlet uniform mesh -~

Nr of cells : 890.000
Dx : 1213-2030 (m)
Dy : 1859 (m)




RM B-Flo%;/ FM Couran?, Uniform and Wac_|ua
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Comparison of computation times |

Comparable accuracy, at what cost?

Computation time one week of simulation DCMv5 (~9,3 km)
In seconds

WAQUA @ (Dutch Rijkswaterstaat)
TRIWAQ 34s

Delft3D-FLOW (Delft3D curvilinear)
D-Flow FM (single thread) 84s

D-Flow FM (eight thread) 35s

D-Flow FM (eight thread, Saad ilud bcgstab) (D-Flow FM, same grid)

D-Flow FM competes in computation time with established
packages (in spite of possibly expected data structure overhead).
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arrival times at transformer locations A, B and C
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Preliminary
conclusion:

results OK
but slower

mesh generation:

(time consuming)

2011: center-

£ spline based
. generation + new

ortho-smooth
combination is
great
improvement!
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CASCaDE II: Sacramento River Delta (Mick' vd. Wegen
IHE-USGS)
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CASCaDE II: Sacramento River Delta (vd"'\'Negen IHE—USGS)

Preliminary
{ conclusion:

2Dh OK

Controllable
dam

Small cells
slow down

i p— significantl
mﬁf{ﬂj_‘u%ﬂlfﬁ“ J y

.

} But: with
g CFL=2.0
5 factor 3 gain
in overall
computation
time
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Time S<H-D: SOAA. BAa Z. 508 B. 184 dt: 1Z8.888 PAeg.dbt: 7TE.Z61 CRU<step: B.831 Tok: 1.8 Sol-sRest: B 352
k- nplot: 1 108 znodinn } B . Baassss Uoll: 8. Z248334033E+ 18 Uler: 8. 9536743ZE8E H==tb: B Hdt 115 #it=sol:
HCG: 3562 HGaus=s: 253 Hexpl: B Huet TZEZZ  Hohkadod: B #nodneg: a H=1lit: 5]




Influence of passing ships on moored ships incl. sediment stirring

1D - 2D

Last details of the 1D-2D coupling
Full size test model on 1D profiles
Non-linear continuity for closed pipes

2D
River test case

3D

Implement partially variable nr of layers
Spatially variable sigma / Z layer approach
Sediment transport, morphology, wave coupling
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Questions?
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