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Free surface flows: a niche market
N SN AR

Mostly based upon hydrostatic pressure assumption

Horizontal scale >> Vertical scale

Wave propagation speed may be large
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0-2 m/s => Advection maybe explicit 221 m/s => Pressures allways implicit
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Pressures / concentrations in cell
centres

Velocities at cell faces
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Conservation of:

oV
E:ZQ_ZQ Volume
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Cell center
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+£({0( P+ (1-0)($7 - &7 ) +bum =

Acceleration + pressure +  bedfriction = -advection

Rewrite as: U™ = R, _|_|:( n+1 §1n+1)

é/n+l _é/ .
At

Q(Ahzugﬂ - A\;1U1n+1) + (1_ ‘9)('6\12“2 - Amuln ) =Q

Substitue in: Ag

Solve sparse pressure matrix.
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Non orthogonal
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Orthogonal
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19970831 _ARZAAA dt: GP@ ARG Aug.dt:6@A. AAA CPU/step: O QAR Tot: A.A Sol/Rest: BBE+AR Samer: P APADAAAAE+AA Samtot:R. ARARAABAE+A
k/nplots 1 180 znodinni: @ 14679779E+0A Uoll: @, ZZ30ZZ55E+17 Uler: B, SPAAAAAAE+AL #setb: A #dt: I #itsol: A
$ndss 260 #lnx: 268 Bkmy B HCG: A HGauss: 260 #zlit: B iad: B8 3 runid: egquatorid

Forced  amplitude = Q. 0008008 (m), ndy

i6 , ndt

i

B 500019
Fres anplitude = 0.149204 (m), ndy

i6 , ndt

IR

1193663

Total anplitude B, 143714 (nm)

Computed amplituds 0. 148433 (m), comp/analytics 0,983

B.23000 , Manlin

4.00000 , Unod

0.00477

—
Lgul
—
(WA}
(1]

0.03  , Nfree p.a7 , Dept = 2000.00
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19920831_0210@0 dt: 300.200 Avg.dt:309.200 CPU/step: 0.008 Tot: B0 Sol/Rest: AOE+AD Samer: .000AQDANE+DR Samtot:d. AODADDAOE+D

kénplots 1 180 znodinn)s . 1493591RE+AR Uoll: @ Z2Z3RZZ55E+17 Uler: - 1ZAPARAPAE+AZ #setb: A #dt: Z #itsol: P
#ndwxs 260 #lnx: 260 Rk my B HCG: B #Bauszs: 260 #zlit: B iad: B 3 runid: equatorld
0.501 144

Forced  amplitude = 0.000000 (m), ndw = 36 , ndt = 144, cfl = 0. 230010
Y anplitude = 0. 149606 (n), ndw = 38 , ndb = 80, cfl = @ 39683l
Total anplitude = B 149608 (m)

Computed amplitude = 0. 149339 (m), comp/analutics 1,998

Teta = 0.30100 , Manlin = 400080 , Unod = 0. 00477

Nforced = .l Nfree = 2.83 , Dept = 200000
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Advection term gets contributions assembled at Left and Right nodes
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Velocity points involved in first order

v, J> : :
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Velocity points involved in limited higher order

L@ (ZQ(Um—U)—ZQ(Uom—U)}r

V_< inL outL y
(- a)(ZQ(Um —u)— ZQ(Uout - u)}
L inR outR ) 9

V, =V, +(1-a)V,
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20061225 000000 dt: 1.000 Avg.dt: 1.000 CPU/step: 0.000 Tot: 0.0 Sol/Rest:.00E+00 Samer: 0.00000000E+00 Samtot:U.DE[ig\
k/nplot: 1 300 znod(nn): 0.20000000E+01 Voll: 0.00000000E+00 Vler: 0.00000000E+00 #setb: 0 #dt: 0 #itsol:
#ndx: 600 #lnx: 599 #kmx : 20 ustB 0.00000 ustW 0.00000 #slit: 0 iad: 330 5 runid: wetbedline

(m) = 0.0000
Rms Difference (m) = 0.0000
Max Difference (m) = 0.0000
(m) = 0.0000

Ave Difference

Cum Difference




Tirme S<H~D: 4. BAE B. BAl B.aaa dt: B.132 Aeg.db: 8. 444 CRU<step: B.847 Tok: B.2 SolsFest: B8.845
k- nplot: 1 108 znodinn } —299 . 888080 LUoll: B. 32158 16E+85 Uler: —. S094582Z8E-18 #H==tb: B Hdt 2 #Hit=sol: =]
HCG: 9367 HGauss: 8213 Hexpl: B Huet 17388 Hohk aded: 783 Hnodneg: a H=1lit: 5]
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Exit' Photo

b View Tools Add Help

peak flows ~ 6 m/s
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Continuous wet area => more gradual drying&floodino
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B Hoet

474,264 mi/s

3 cells

node welocity
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frictionterm:

u=f(y)
U=g(y)
H=h(y)
C=i(y)
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Flooding 10
Discharge
. 505
Capacity
m3/S . - i i |
495
standard
490 —&-2D conv
485
480
475 +—
470 T
0 10 20 30 40 50 60

Nr of cells in cross-sectional direction.
3,6, 12, 24 or 48 cells
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Singapore rainfall runo inearvolumes —
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- Thick water layer : linear volume

Thin water layer : Non — linear volume

VPP +(é/p+1_é'p)Ap

(4“ Af) +> Au- ZAJU 0

out
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Tirme S<H~D: 2. 808 B. BAl B.aaa dt: 1.8988 Aeg.db: B. 758 CRU<step: B. 808 Tot: B.8 SolsRest: B 808
k- nplot: 1 12 znodinn 1 Uoll: 8. 4Z68Z47E+AS Uler: 8. Z4555840E+88 H==tb: B Hdt 2 #Hitsol:
HCG: B HGauss: 2 Hexpl: B Huet 52 Hchk aded: B #nodneg: a H=1lit: 5]
u—elozity [0 ¥ U dijdii
B, FEER1E-1% B, SORanE—] B, FEAEEE—
L L J
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1 1
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Epsilon b.c. : Neumann unlike Delft3D

Ustar : Layer integrated  unlike Delft3D

U U
U. = N , Or u.= "
) In| 2% 1 In| 2% 1
227, ez,
/ Mid layer Layer integrated
—> I Az, Delft3D DFM
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L=610 m
Dx=Dy=10 m
i=5e-5
H=5m

C=60 mO%>/s

U=C(Hi)®5=0.94868 m/s

Q=47.434 m3/s

51
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K-epsilon sigma 10 layers : 47.466 m3/s (47.434 m3/s) e

=lope
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K-epsilon S|gma 6 Iayers

Hnd- =

47. 290 m3/s

EREEETEET

(47.434 m3/s)

52 H#H=1lit:

B iad:

28 5 runid:
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K-epsilon sigma 2 layers : 47.040 m3/s
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K-epsilon ustar layer integral mixed layers, noadv : Q =47.287 m3/s (47.434 m3/s

wel. reEd.
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Issues to tackle:
Y -

Strongly horizontally sheared flows on irregular grids
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19920831 02

036 dt: 0.902 Avg 0.902 CPU/step: 0.000 To 2.4 Sol/Res 0.00000000E400 Samtot:0.00000000

25
k/nplot: 1 200 znod(nn): - 02E-02 Voll: 0.20000000E+06 Vler: 0.3156( 00 #setb: 0 #dt: 11344 #itsol: 0
ol 420 #lnx: 0 #kmx : 0 #CG: 180 #Gauss: 240 #slit: 0 iac 30 5 runid: horvic partialsl

_ = = ] ] = = =] = = = =] = = = = = — — = — —| =] = = — = = = = = = = = ] — = — — — — —
— — —% —F —+ —+ —% —& —k — —& —f —& —Fr —& —& —f —r —b —& —& —& —b —b —& —f —& —b —b —f — & —b —b —b —& —p — B —b —% —& —p —=
—t — — % e s e e e e % 1% 1 e a3 1 1 e % 1% - 1 3 s 1 1 s —fa ——f 1 1% e % e e s
— s — —tw —s —1 ——tw s —1a b w1 e —Ln % 1% —1a —1h — 1w —tw —fs 1w — L& — W ——fn —1a — L% —1% —ta —fR —1% 1w —fa ——fm 1 ——La % 1 1 — 1% A
Bl I e B e I B B T = e S e i e L e B i I e B B i e e e e L e e e e e R LA R
—_— — — —F 1 —F % —F % — ——F 1% —F 3 —¥ —F ——% —— 1 — ——F ——F ——F —F —F —F ——¥ —k 3 —F —F —% R —F —¥ —F % —R —3 —% —T ——
—h — —F —F —H —F —p —p —h — —p —& —H — —% —% — —H —% —p —H —@ —s —p —H —k — - —% —H —p — —8 —BH —h —k —s —H —h —k — — —
— = — ] — — — — — — —d — — —] — — — — — — —a — — — — —f — — —o —f —f — — — — —f — — —d — — —
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19920831 040000 dt: 0.227 Avg.d
0

t: 0.227 CPU/step: 0.000 Tot: 14.3 Sol/Re 5 E+DD Samer: 0. DDDDDDDDE+DD Samtot:0.00000000
5597E-02 Voll: 0.20000043E+06 Vler: ( ' 63513 #it 3

kfuplof 1 22 znod{nu} —.943( 0 b
0 #CG: 197 #Gauss: 212 it: 0 iac 0 5 nid: horvic partialslip

#nc¢ 169 #1lnx: 850 #kmx

e e L

- 4 —% —t & L L L L L L L L L L L L L L L L L L L L L L Lt L L L& % L L L L L L L .

B £ e e T L e I L e o e T T A A e I Y e B T

— 1 —% — % —fs —f% —1w —fn ——fm —1m —fh —f% —la — L& — % —lW —lm —1% —h —lh —{a —1R —1% —1m —1h —h —1n ——fh ——ta —1a ——fh [ -4 —_— — s — — % —a ——

e N I L e —e e e e
A

—_— — — — — — — — — — —F — —F — — — —F — —F — —F — —F — —% —F —F —% —% — —F I ——f — —r —r —
T

S A A A A A A A A A A Al L1 1 11,
—Kl— —Kb l—kl

— = ] ] = ] ] ] ] = ] = = ] = —
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19920831 040000 C 0.225 CPU/step: 0.000 Tot: 15.7 Sol/Rest:.30E+00 Samer: 0.00000000E+00 Samtot:0.00000000
k/nplot: 1 4 ! 185E-02 Voll: 0.19998605E+06 Vler: 0.31556999E+00 #setb: ( 64011 #itsol: 2

#n 469 #In: - ‘ 0 #CG: 197 #Gauss: 272 $slit: 0 iad: 330 5 runid: horvic partialslip

|
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e e e S [ | | [ U
RN ' O G N O W W ' O O O O O ¥ O A ' ' O O W A A
RN PR PR AR NS P S0 A N PSS P R A (P R G N (W YOS WU S PN WS O U N A PR SR PSR NS W P e —fs s e s — 12—
— 1 —% —1A —n % 1w ——fh . —1m —fh W & —l& ——a ——La — L& — 1% —lh — L& —1% —1h —1% —1m —1h —f % —1n o ——f ——la ——fn G e K% —_— — — —h — ——
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|
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19920831 060000 dt: 0.375 Avg.dt: 0.355 CPU/step: 0.000 Tot: 20.3 Sol/Rest:.32E+00 Samer: 0.00000000E+00 Samtot:0.00000000
k/nplot: 1 416 znod(nn): -.94721184E-02 Voll: 0.19999918E+06 Vler: 0.37624512E+00 #setb: 0 #dt: 60761 #itsol: 2
#ndx: 852 #lnx: 1266 #kmx : 0 #CG: 297 #Gauss: 555 #slit: 0 iad: 0 5 runid: horvic partialslip
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19920831 060000 dt: 0.486 Avg.dt: 0.455 CPU/step: 0.000 Tot: 17.5 Sol/Rest:.33E400 Samer: 0.00000000E+00 Samtot:0.00000000
k/nplot: 1 416 znod(nn): -.10819847E-01 Voll: 0.19995671E+06 Vler: 0.46132526E+00 #setb: 0 #dt: 47477 #itsol: 4
#ndx: 852 #lnx: 1266 #kmx : 0 #CG: 297 #Gauss: 555 #slit: 0 iad: 330 5 runid: horvic partialslip
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Some issues to tackle:

Strongly horizontally sheared flows on irregular grids
(both advection and viscous terms)

Advection in fixed layers

Parallel performance of linear solver (PETSC)

Deltares
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19920831 000001 dt: 0.020 Avg.dt: 0.020 CPU/step: 0.024 Tot: 1.2 5S0l/Rest:.T6E+00 Samer: 0.00000000E+00 Samtot:0.00000000E+]
k/nplot: 1 20000 znod(nn): -.99900000E+03 Voll: 0.40000001E-01 Vler: -.95062846E-15 #seth: 0 #dt: 50 #itsol: 3
Fndx: 40000 #1nx: 79600 #lmx : 0 #CG: 20080 #Gauss: 19920 #slit: 0 iad: 34 5 runid: checkerboard8

2D vortex merge
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