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SUMMARY % KEYWORDS

The major aim of this research is to establish the sine-scale
sediment transport model in which the accuracy of the prediction of
the turbulence energy that is crucial to study the sediment
suspension events in the surf-zone will be enhanced. In order to
accomplish this, we plan to @ establish surf-zone wave model using
Open-FOAM CFD model, @ apply LES turbulence scheme to enhance
the accuracy of turbulence modeling, @ develop Lagrangian sediment
particle tracking model combined with OpenFoam.

(KEYWORDS : H& & #, d3d, OpenFOAM, HAEYA FH2L,
sediment suspension, surf zone, OpenFOAM, Sediment particle tracking model)
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7t. OpenFoam 27 & AMz|

(1) 72

OpenFOAM(Open Field Operation and Manipulation)= Source Code”’} & 7§
H AAH-A o HCFD, Computational Fluid Dynamics) Code®, 1989y < = ¢]
Imperial College®] ®rAldolE  Hrvoje Jasak® Henry Wellerel]l 2]3f
FOAMolgt&=  o]Fo =  7idto]  AlFFSlom, 2004d Henry Weller7}
OpenCFD Ltd.2k+= 3JAE A ¥elal OpenFOAMO| g = ol 2 IA=5 37
gkt

o] & OpenFOAM-E OpenFOAM Foundatione]&t+&= Hl g 3419} OpenFOAM
Extend-Projecte}= Hl g2l 717 UE S+ 3ol o8 7 2 #ej7h o] Fojx

o]
PR

B AFo A= o] F OpenFOAM Foundation® OpenFOAM 5.x WHAS
gkt

OpenFOAM<- gholBefz] Pz /dsv dA SHEAE sidsty] A
Solver:= Ex12 o7 7usl 4= gl 87 :

o] grolB &L afAlstaxt st TR A A I Hfgk FAbsHA whEol A
Aol A AS & olafistal ATEH C++ dofoll dis] AAE] ¢A] Raiy
g fGA A2FEE AT F JTHE 1)

OpenFOAM H3F C++ gholB el 59 Axud W ofye} Al Hutdd
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% 1. OpenFOAM W Hu|EuY 2] 3] u-H
S8k _zagtU+v CPU+V - pv U=—Vp
solve
AE g (fvm::dd t(rho,U) + fvm:div(phi,U) - fvn:laplacian(mu,U)
= —fvcigrad(p));

- OpenFOAMS A-$A42 4S ATty A-FAz] @ md 58 Fx9 |

2F a9 149 2,

Open Source Field Operation and Manipulation {OpenFOAM) C++ Library

l I '

(. Post-processing

Pre-processing '_ _' Solving

| b 4 Y i b

e Meshing User Standard - Others
irdities Tools Applications|Applications Farayiow e g.EnSight

a9 14. OpenFOAM <3 +%

(2) OpenFoam x|
- CentOS 7 A 2=¥ 37 3}o| 4] OpenFOAM 5.x° Ax3AL they e,

@D administrator =& &3t}

[user@localhost ~]$ su

Password: XXXXXXXXX

@ g H7A A G
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[root@localhost user]# yum groupinstall 'Development Tools'
[root@localhost user]# yum install zlib-devel libXext-devel \
libGLU-devel libXt-devel libXrender-devel libXinerama-devel \
libpng-devel libXrandr-devel libXi-devel libXft-devel \
libjpeg-turbo-devel libXcursor-devel eadline-devel ncurses-devel \
python python-devel cmake gt-devel qgt-assistant \

mpfr-devel gmp-devel

[root@localhost user]# yum upgrade

[root@localhost user]# exit

® Hvdg Rl ARE DR o X

@ OpenFOAM I} v+=Z= 3t}

[user@localhost ~]$S cd ~

[user@localhost ~]$ mkdir OpenFOAM
[user@localhost ~]$ cd OpenFOAM
[user@localhost ~]$ git clone \
https://github.com/OpenFOAM/OpenFOAM-5.x.git

[user@localhost ~]$ git clone \

https://github.com/OpenFOAM/ThirdParty-5.x.git

W,
i)

® ThirdParty-5.x =9 W] 22 F7} #H7)A tF2=
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[user@localhost ~]$ cd ThirdParty-5.x
[user@localhost ~]$ mkdir download
[user@localhost ~]$ wget —P download \

https://www.cmake.org/files/v3.9/cmake-3.9.0.tar.gz

[user@localhost ~]$ wget —P download \

https://github.com/CGAL/cgal/releases/download/releases%2FCGAL-4.10/CGAL-4.10.tar.xz

[user@localhost ~]$ wget —P download \

https://sourceforge.net/projects/boost/files/boost/1.55.0/boost 1 55 O.tar.bz2

[user@localhost ~]$ wget —P download \

https://www.open-mpi.org/software/ompi/v2.1/downloads/openmpi-2.1.1.tar.bz2

[user@localhost ~]$ wget —P download \

http://www.paraview.org/files/v5.4/ParaView-v5.4.0.tar.gz

[user@localhost ~]$ tar -xzf download/cmake-3.9.0.tar.gz
[user@localhost ~]$ tar -xJf download/CGAL-4.10.tar.xz
[user@localhost ~]$ tar -xjf download/boost_1 55 0.tar.bz2
[user@localhost ~]$ tar -xjf download/openmpi-2.1.1.tar.bz2

[user@localhost ~]$ tar -xzf download/ParaView-v5.4.0.tar.gz
--transform='s/ParaView-v5.4.0/ParaView-5.4.0/'

[user@localhost ~]$ cd ..

® TIZE Boost, CGAL WA A3},

[user@localhost ~]$ sed -i -e 's/\(boost_version=\)boost-system/\1boost_1 55 0/
OpenFOAM-5.x/etc/config.sh/CGAL

[user@localhost ~]$ sed -i -e 's/\(cgal_version=\)cgal-system/\1CGAL-4.10/'
OpenFOAM-5.x/etc/config.sh/CGAL

@ OpenFOAM AXE 93t 744 A3},

[user@localhost ~]$ source SHOME/OpenFOAM/OpenFOAM-5.x/etc/bashrc
WM_LABEL_SIZE=64 WM_MPLIB=OPENMPI FOAMY_HEX_MESH=yes

bashrc Fdol t= W&S F7H30
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[user@localhost ~]$ echo "alias of5x='source
\SHOME/OpenFOAM/OpenFOAM-5.x/etc/bashrc SFOAM_SETTINGS' >> SHOME/.bashrc

@ HudS FE532 A2 Hudds A 3 055 483t OpenFOAM 5.x9

| [user@localhost ~]$ of5x |

0 Fx2 Z2a% paraviews X3},

b cmake 3.x& AX 3},

[user@localhost ~]$ cd SWM_THIRD_PARTY_DIR

[user@localhost ~]$ ./makeCmake > log.makeCmake 2>&1

[user@localhost ~]$ wmRefresh

D open-mpis A X 3},

[user@localhost ~]$ c¢d SWM_THIRD_PARTY_DIR

[user@localhost ~]$ ./Allwmake > log.make 2>&1

[user@localhost ~]$ wmRefresh

@ paraview= A x| 3t}

[user@localhost ~]S c¢d SWM_THIRD_PARTY_DIR

[user@localhost ~]$ ./makeParaView -mpi -python -gmake $(which gmake-qt4) >
log.makePV 2>&1

[user@localhost ~]$ wmRefresh

@ OpenFOAM=S A X3},

[user@localhost ~]$ cd SWM_PROJECT_DIR

[user@localhost ~]$ ./Allwmake -j 4 > log.make 2>&1

[user@localhost ~]$ ./Allwmake -j 4 > log.make 2>&1

@ OpenFOAM dA &le th&3 o]

ol

=
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[user@localhost

options:

-case <dir>

-fileHandler <handler>

-listFunctionObjects

~]S icoFoam —help

specify alternate case directory, default is the cwd

override the fileHandler

List functionObjects

(3) OpenFOAM N4 Test

@ OpenFOAME HAXAZ &213t7] ¢all tutorial Wel pitzDaily caseZ testdtt}.

[user@localhost
[user@localhost
[user@localhost
[user@localhost
[user@localhost
[user@localhost

[user@localhost

~1$ cd $FOAM_RUN

~]S cp —-r SFOAM_TUTORIALS/incompressible/simpleFoam/pitzDaily ./
~1$ cd pitzDaily

~]S blockMesh

~]S checkMesh

~1$ simpleFoam

~]S paraFoam

@ simpleFoam F3 343 53 2.

-31-



hyun@localhost:~/OpenFOAM/hyun-5.x/run/pitzDaily - o x

File Edit View Search Terminal Help

smoothSolver: Solving for epsilon, Initial residual = 0.000168552, Final residu

al = 1.0763e-05, No Iterations 3
smoothSolver: Solving for k, Initial residual = 0.000286165, Final residual = 1

.73137e-05, No Iterations 4
ExecutionTime = 5.87 s ClockTime = 5 s

Time = 279

smoothSolver: Solving for Ux, Initial residual 0.000161933, Final residual =

1.5838e-05, No Iterations 5

smoothSolver: Solving for Uy, Initial residual = 0.00122558, Final residual = 8
.23262e-05, No Iterations 6

GAMG: Solving Tor p, Initial residual = 0.00188193, Final residual = 0.00014868
9, No Iterations 4

time step continuity errors : sum local = 0.00629544, global = 0.000746603, cumu
lative = 0.962737

smoothSolver: Solving for epsilon, Initial residual = 0.000163144, Final residu
al = 1.03854e-05, No Iterations 3

smoothSolver: Solving for k, Initial residual = 8.000275741, Final residual = 1
.67373e-05, No Iterations 4

ExecutionTime = 5.08 s ClockTime =5 s

Time = 280 I

@ paraFoam 3 <+ o3 2t}

@O
o
2
- =
c
o]
o
=

— 0.0e+00
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L}. OpenFoam ZZ} AHAM

(1) STL o
@O OpenFOAM EdloA 25 2 PR = STL 3 F22 94¥ 71, STL
gdeo] Jje 2 JEF2E o 2o
@ STL H&
- STL& STereoLithography 2] FAtz2 E#]9 AR E A #3F+= 3D system
A7 A # ek 0kl @dAlow 3xYe ¥HAKRE AFsF™ Ascii, Binary9 2
7hA e 2 R
@ STL +&
- gurAel 3D Holg oA 3
w STL 3D dHlo]EelA
Al (Facet)o] 2} skt
- STL2 3D 4S FA-se 82 gAs=2 FA5 ZF disle] st AR E
ZEAH, Al A AP A4S olF = He W

2
Qi STL 29 FA4et7] gadE A% FAsE Aase] eaeuds
i 11}

ot T
2,
o
-
%,
ol
rlr
e
r
EURNDS
do
rlr
ot
ox H
22
)
ot
o,
H
o,
il

W AR (IEHS oo} wit

Vi Wy vz Vi Normal Direction
V3
[ ]
/ o V2

A" vz Vi

(1) 24 49 (2) ZEH 4
(a) FALe] == (b) 8% HF (c) Vertex—-to—Vertex I3

a9 15, STL 7=

- STL AERE= A74¥EY AHIAEVertex)ot FAS olF+= MY (Facet
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NormaD® A=W, stvho] #4512 Vertex-to-Vertex TF& o] BtFo] HE
ale] AHS uwr=aA] o] 23k F|ale] AMI wi}l ol Awo]oput Fhr},

(2) GMSH =235 0|88t THHZ[Y STL oY A%}
@ GMSH
- OpenFOAM®] AA 7 dAR FxE st AAWMIo|= Ansys, Salome,
ideas, Fluent case, CFX, Star-CD, Gambit, Gmsh % t}%3 o] &3} o]
% Gmsh+ 19973 58 Chrisophe Geuzaine®?} Jean-Francois Remacle”} 7%
st FRE TG FFassiol At AAREE vEY F= e TR
2ol
- Gmshe 7|8t2dS 73387] 98] Boundary representation(b-rep)H< Al-&
st 78RS BEd(bottom—up) L 7|HES wel H-A-w-dA Y &

H
o= FAeA . we €~E PE Gmsh A ~AIAHE Ao E ALgs}

o WHE Adsts WHe=z 7|3 Bde Yol rheeiH, 84S e
WH 2 Characteristic lengtholl & &l A=, 7]ste] Hejdd s Fx314

A, HxstE 84S BT s oy WRASEE BT v X
slel a4 o=z Qs
- Gmsh+= http://gmsh.info//#Download oA ©TFZ=3te] AHAXE 4= Qlon
Gmsh& AF&3ste] whe Feta S STL fd2 =9 7Hestm ol& o] &3
ol & % Fx=o AFFRE HFF STL 3LS 753kl OpenFOAME]

iz

@ % ¥ STL Hd+=
1) H(point) H A(line) FH P4
- Gmsh Z2I9E& o]gste] 7gtrnds Agstr] fsixe HA-d-1s A4
o2 WE=E bottom-up WHES A A e Aot (29 16).
AN PR A dHAFolgt dA i B g HolE 7t EAlS
ng olZ Ax YY3e Azto] wo] AREEF Pyhton RIS o] &a}
o Hpoint) 2 2zt A 3] M(line) AZ2HRE A= scriptE ©] &3
%S

geo LS AAF-AESH (2l 17).

i
i
Hu
=
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A Gmsh - C:#L

File Tools Window Help

= Modules =
(] Geometry
[ Elementary entities
Set geometry kerne
= Add
Parameter
Point
Straight line
Spline
Bezler
B-Spline
Circle
Circle arc
Ellipse
Ellipse arc
Rectangle
Disk
Plane surface
surface filling
Sphere
Cylinder
Box
Torus
Cone
Wedge
Volume
Transform
Extrude
Boolean
Fillet
Split line
Delete
Coherence
Physical groups
Reload script
Remove last script cc
Edit script
Mesh

Fud|

|

SoxXYyz@11s Al

0.75

o0&

0.25

IMove mouse andfor enter coordinates

[Press 'Shift' to hald position, 'e' to add point or 'g' ta abort]

A Clsmentery Dntity Cortex:

Pont|

0.25 06 0.7s

Done reading 'C\Users\hyun\AppData\Roaming/untitied geo'

29 16. Gmsh point 948

sec_lc = 1.0;

Point(1) = { 0.00000000,

Point(2) = { 0.00000000,
Point(3) = { 1.00000000,
Point(4) = { 2.00000000,
Point(5) = { 3.00000000,
Point(943) =

Point(944) =

Point(945) =

Line(1) = {1,2};

Line(2) = {2,3};

Line(3) = {34}

Line(4) = {4,5};

Line(5) = {5,6};
Line(943) = {943,944};
Line(944) = {944,945};
Line(945) = {945,1};

0.00000000,
0.00000000,
0.00000000,
0.00000000,
0.00000000,

-30.00000000, sec_lc};
-25.97400000,
—25.97400000,
-25.97400000,

-25.97400000,

sec_lc};
sec_lc};
sec_lc};

sec_Ic};

{ 939.00000000, 0.00000000, 4.42300000, sec_lc};
{ 940.00000000, 0.00000000, 4.53000000, sec_lc};
{ 940.00000000, 0.00000000, —-30.00000000, sec_lc};

a9 17, geo 3 += dl(point

& line)
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- 289 scripte 19 18% #om, AR oS3 2

python dat2gmsh.py sect.asc.geo(AEH H 1})

# Python Program for quick gmsh grid gen
import string,sys
def convert_pts_togmsh(filename,outputname,startpoint):

# Read in data using this bit
fin=open(filename, 'r’)

1=0

x=[LEy=10z=Ik

lines = fin.readlines()

for line in lines:
# comments indicated by #

data = str.split(line)

if datalO] != '#' or datal0] != '":
1=1+1
x.append(float(datal0]))
y.append(float(datal1]))
z.append (float(datal2]))
n_lines = int(i)

else:
break

# Write data out with this;
fout = open(outputname,’ w’)

lc_name = "%s_lc” % filename[0:3]
# Format
# Point(1) = {0, 0, 0, Ic};
fout.write("%s = 1.0\n” % lc_name)
] = startpoint
for i in range(n_lines):
outputline = "Point(%i) = { %8.8f, %8.8f, %8.8f, %s}\n " \
% (j,xlil,ylil,z[il,lc_name )

j=3*+1
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fout.write(outputline)

# gmsh bspline format
# Write out splinefit line
#  fout.write("line(%1) = {%i:%i};\n" \
# 9% (startpoint,startpoint,startpoint+n_lines—1))
j = startpoint
for 1 in range(n_lines-1):
outputline = "Line(%i) = {%i,%i};\n” \
% (,ij+D
i=1+1
fout.write(outputline)

fout.write("Line(%i) = {%1,%i}\n” \
9% (startpoint+n_lines—-1,startpoint+n_lines—1,startpoint))

fout.close
fin.close

def main():
inputfile = sys.argv[1]
print(sys.argv[1])
outputfile = inputfile+”.geo”
print(outputfile)
convert_pts_togmsh(inputfile,outputfile,1)

19 18. dat2gmsh.py

script® ABAE geo WU (sect.asc.geo)S GmshE S8 S0 o33 At}
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A Gmsh - D:#seco_2018projectwKIOSTwopenfoam#tgmshihujung-line2#sect asc geo

File Tools Window Help

& Modules
Geometry
Mesh
Salver

sy

|
=0 Q 148 H 4 ' Done reading 'Di\seco_201GprojectKIOST\openfoam\gmshihujung-line2\sect asc_geo’

a9 19, 3% @ point & line 3 &

2) W (surface) FE A
- Gmsh Z2%S o] &3l W ARE AAs=E FAHL 23 2}

- Gmsh W &= AR A

@b Modules-Geometry-Eelementary entities-Add-Plane Surfaces ¢
$2 ol mhe A(oek) e 29

® MeE Hdo] Fedog Hsted 7|HEdqA] e & 29

@ ol 'q 22U W GRs AR We] Gale] Yehdt
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Select hole bol
[Press'e'taer

undaries (f none, press ‘e
nd selection or g to abort]

Done reading '0"\seco_2018projectiIOSTwopenfoamigmsn hujung-ine2\sect ase geo'

ngmsnihujung

E Elementary enities
Set geometry kernel
B Adg

- Gmsh W #= 4

(Surface) A X

=
=

g 23w

[+

Line Loop(1) = {945, 1, 2, 3,

27, 28, 29, 30, 31,
36, 57, 58, 59, 60,
85, 86, 87, 83, 89,

111,
134,
157,
180,
203,
226,
249,
272,
295,
318,
341,
364,
387,
410,
433,
456,

112,
135,
158,
181,
204,
227,
250,
273,
296,
319,
342,
365,
388,
411,
434,
457,

113,
136,
159,
182,
205,
208,
251,
274,
297,
320,
343,
366,
389,
412,
435,
458,

114,
137,
160,
183,
206,
229,
252,
275,
298,
321,
344,
367,
390,
413,
436,
459,

115,
138,
161,
184,
207,
230,
253,
2176,
299,
322,
345,
368,
391,
414,
437,
460,

116,
139,
162,
185,
208,
231,
254,
277,
300,
323,
346,
369,
392,
415,
438,
461,

4, 5, 6,
32, 33, 34, 35,
61, 62, 63, 64,
90, 91, 92, 93,

117,
140,
163,
186,
209,
232,
205,
2178,
301,
324,
347,
370,
393,
416,
439,
462,

36,
65,
94,
118,
141,
164,
187,
210,
933,
256,
279,
302,
325,
348,
371,
304,
417,
440,
463,

7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75,

95, 96, 97, 98,

119,
142,
165,
188,
211,
234,
257,
280,
303,
326,
349,
372,
395,
418,
441,
464,

120,
143,
166,
189,
212,
235,
258,
281,
304,
327,
350,
373,
396,
419,
442,
465,

121,
144,
167,
190,
213,
236,
250,
282,
305,
328,
351,
374,
397,
420,
443,
466,

99, 100, 101, 102, 103,

122,
145,
168,
191,
214,
237,
260,
283,
306,
329,
352,
375,
398,
421,
444,
467,

123,
146,
169,
192,
215,
238,
%1,
284,
307,
330,
353,
376,
399,
422,
445,
468,

124,
147,
170,
193,
216,
239,
262,
285,
308,
331,
354,
377,
400,
423,
446,
4609,

125,
148,
171,
194,
217,
240,
263,
286,
300,
332,
355,
378,
401,
424,
447,
470,

126, 127,
149, 150,
172, 173,
195, 196,
218, 219,
241, 242,
264, 265,
287, 288,
310, 311,
333, 334,
356, 357,
379, 3%0,
402, 403,
425, 426,
448, 449,
471, 472,

128,
151,
174,
197,
220,
243,
266,
289,
312,
335,
358,
381,
404,
427,
450,
473,

47, 48, 49, 50,
76, 77, 78, 19,
104, 105, 106,

129,
152,
175,
198,
221,
244,
267,
290,
313,
336,
350,
382,
405,
498,
451,
474,

22, 23, 24, 25, 26,
51, 52, 53, 54, 55,
80, 81, 82, 83, &4,

107,
130,
153,
176,
199,
222,
245,
268,
291,
314,
337,
360,
383,
406,
429,
452,
475,

108,
131,
154,
177,
200,
223,
246,
260,
292,
315,
338,
361,
384,
407,
430,
453,
476,

109,
132,
155,
178,
201,
224,
247,
270,
293,
316,
339,
362,
385,
408,
431,
454,
477,

110,
133,
156,
179,
202,
225,
248,
271,
294,
317,
340,
363,
386,
409,
432,
455,
478,
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[+

479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501,
502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524,
525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 540, 541, 542, 543, 544, 545, 546, 547,
948, 549, 550, 551, 552, 553, 554, 555, 556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570,
571, 572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592, 593,
594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616,
617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634, 635, 636, 637, 638, 639,
640, 641, 642, 643, 644, 645, 646, 647, 648, 649, 650, 651, 652, 653, 654, 655, 656, 657, 658, 659, 660, 661, 662,
663, 664, 665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682, 683, 684, 685,
686, 687, 638, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708,
709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, T24, 725, 726, 727, 728, 729, 730, 731,
732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 742, 743, 744, 745, 746, 747, 748, 749, 750, 751, 752, 753, 754,
785, 756, 757, 758, 759, 760, 761, 762, 763, 764, 765, 766, 767, 763, 769, 770, 771, 772, 773, 774, 775, 716, 771,
778, 779, 780, 781, 782, 783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799, 800,
801, 802, 803, 804, 805, 806, 807, 808, 809, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, 820, 821, 822, 823,
824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835, 836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846,
847, 848, 849, 850, 851, 852, 853, 854, 855, 856, 857, 858, 859, 860, 861, 862, 863, 864, 865, 866, 867, 868, 869,
870, 871, 872, 873, 874, 875, 876, 877, 878, 879, 830, 881, 832, 883, 884, 835, 886, 887, 888, 839, 890, 891, 892,
893, 894, 895, 896, 897, 898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908, 909, 910, 911, 912, 913, 914, 915,
916, 917, 918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936, 937, 938,
939, 940, 941, 942, 943, 944};

Plane Surface(1) = {1};

9 21. Line Loop 2 Surface ZXH

3) Ax(Mesh) A4

OpenFOAMell A &3}7] $lsiA = 3D 729 STL 94S Aok gt
Modules—-Geometry-Elementary entities—Extrude-TranslateZ A1 & 3t}
Elementary Operation Contextol4] DY = 1, Mesh layer = 1, Extrude mesh%
gt & mpe-2E o] gste] AxAWS dEstd Aol HF2Mow WE g
=3

Elementary Operation Context®@& i 7| H =04 ‘¢ q & FY3h
Gmsh Gui #9] #sdFoMd O XY Z F ZZ vl$22 34 extrude®
3d FHE & F At

Gmsh W &= AR AZNA Modules-Geometry-Mesh-3DE A elshd WU
gha A A AT
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A Gmsh - Diseco 2018projectwKIOST#opanfoam#gmsha¥hujung-line2wsect asc geo

File Tools Window Help

[Z Modules
Geometry
& Mesh

Define
1D

3D
Optimize 3D
Optimize 3D (Netgen)
Set order 1
Set order 2
Set order 3
High order tools
Inspect
Refine by splitting
Partition
Smooth 20
Recombine 2D
Reclassify 2D
Deleie

Save

Solver

|

' Done meshing 2D (1 47206 s)

OXYZ&11S [

A Gmsh - Diseco_2018projectWKICSTWopenfoam#gmshwhujung-line2wsect.asc.geo

File Tools Window Help

= Modules
Geometry
& Mesh
Define

1D
2D
3D
Optimize 3D

Optimize 3D (Netgen)
Set order 1
Set order 2
Set order 3
High order tools
Inspect
Refine by splitting
Partition
Smooth 2D
Recombine 2D
Reclassify 2D
Delete

Save
Solver

Done meshing 2D (1 47206 5)

a7l 22, #3824 A}
AdE Ftes AXeE xz 2D AAolH, STL
OpenFOAMe| A &3}7] Yair]s= 3D F+x g =2 WA ok

Modules-Geometry-Elementary entities-Extrude-Translate&

1, Mesh layer

o]

Elementary Operation Contextoll <] DY

ERSERC R
3k,
A

1, Extrude meshs

Aejsan Ae St
- hesE o8t W F4lo AAL Ada Ao Besow Wy,
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!
N
ofN
N
i

-2 22 ed extruded 3

0E % 5 gk

A Gmsh - Diseco 2018projectWKIOSTwopenfosm¥gmshhujung-line2Wsect asc geo - o X

File Tools Window Help

[ Modules Select entities

&l Geometry . [Press 'e' to end selection or 'g" to abort]
[ Elementary entities

Set geometry kernel

Transform
3 Exirude
Translate
Rotate
Pipe
Boolean
Fillet
Split line
Delete
Coherence

Physical groups 0 DX
Reload script
Remove Iast script commanc i (24
Edit script 0 bz
Mesh

Solver
W Extrude mesh £
1 Mesh layers W Recombine A Y
S0oXY ZE 418 [ [ Mouse selection ON
A\ Gmsh - Disece_2018project#KIOSTHopanfoam#gmshwhujung-line2#sect.asc.geo - a ped

File Tools Window Help

= Modules Select entities

El Geometry [Press ‘' to end selection, 'u' to undo last selection or ‘g’ to abort]
[l Elementary entities

Set geometry kernel
Add

Transform
3 Extrude
Translate
Rotate
Pipe
Boolean
Fillet
Split line
Delete
Coherence g S
Physical groups !
Relggisempt 2= jEeeeeseeEeeaabs ittt ety e e e e A
Remove ast script commanc

/

|

Edit script !

Mesh |
Solver i
i

QY
S0oXY Z& 118 LA [ Mouse selection ON
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A\ Gmsh - Disece_20718projectWkIOSTHopenfoam#gmshihujung-line2#sect.asc geo - m] X
File Tools Window Help

= Modules
[ Geometry
[ Elementary entities
Set geometry kernel
# Add
[ Transform
3 Exirude
Translate
Rotate
Pipe
[ Boolean
Fillet
Split line
Delete
Coherence
1 Physical groups 1 1 i e ) ) S . o ) G a3 ) 1 o 3 e i e
Reload script
Remove last script commanc

Edit script
Mesh
Solver
¥
zZ X
S|
SOXYZE 4145 [0 11 [' Mouse selection ON

% 23. Gmsh Extrude 3%

- Gmsh W = AR AN A Geometry-Edit scriptE Y 3H geo

Extrude AHE &<lst 4= it}

“

I+
Extrude {0, 1, 0} {

Surface{l}; Layers{1}; Recombine;
}

9 24, Extrude X

- Modules-Mesh-3DE A1 €¥}s}o] Z 2} YA
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A Gmsh - D:¥seco_2018projectWKIOSTHopenfoam#gmsh¥hujung-line2Wsect.asc.gec —

File Tools Window Help

[ Modules
Geometry
& Mesh
Define

1D
2D
3D
Optimize 3D

Optimize 3D (Netgen)
Set order 1

Set order 2

Set order 3

High order tools
Inspect

Refine by splitting
Partition

Smooth 2D
Recombine 2D
Reclassify 2D
Delete
Save
Solver

x|

SE0oXY zZ& 118 11U [l Done optimizing 3D mesh (0-015625 5)

w b

a% 25, AAF A

4) STL ¢ A4
- Gmsh W &= A x5 %A File-Export 21 €l3kc},
- AAHE Yo FHAE st 2 AeEto] A}

— A A stl optione Ascii £+ Binary® A ¥ 7}5 3t

AAE STL FAe MeshLab T2 18-S AL&3te] 3ol 7155},
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PR
T

a9 27, A8 2 2A STL 349 MeshlLab %

C}. OpenFoam 7|2 ZEC

- OpenFOAM Ed& o] &

&3 FEeidels 7EH L

olgel 3ol Erizh A wT.

2 0, ‘constant’ ¥ ‘system’
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(1) 0 24

alphawater
epsilon
|k
| nusgs
| nut
| nuTilda
_rgh
| porositylndex
Y U

D U B
-0 Eve SAA B F wx
o 71 FxE AMRY gt g

1B
1
2,
=
ot
)
o
o
Lo
_0|L
i
a
“
e
i
4o
)
A
i/

S = Gt —kmm #\
| =====mme- | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 1.7.x |
| \\ / And | Web: www.OpenFOAM.com |
| A\\Y4 M anipulation | |
K — */
FoamFile
{ version 2.0;
format ascil,
class volVectorField;
location "0";
object U;
}
dimensions [01-1000 0]
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internalField  uniform (0 0 0);
boundaryField
{ inlet
{
type waveVelocity;
waveDictName waveDict;
value uniform (0 0 0);
}
atmosphere
{
type pressurelnletOutletVelocity;
value uniform (0 0 0);
}
walll
{
type fixedValue;
value uniform (0 0 0);
}
defaultFaces
{
type empty;
}
outlet
{
type waveAbsorption2ZDVelocity;
absorptionDir  666.0;
value uniform (0 0 0);
}
}

3 2. dimensions

A 544 1 (ST unit)

1 A #(mass) kg

2 4 o] (length) m

3 A ZH(time) s

4 < = (temperature) K

5 =< (quantity) mol

6 Z 7 =¥ (current) A

7 &= (luminous intensity) cd

- dimensions= =@ %9 G E ZAAS= Ao= X 29 2oy [01 -1000
0] m9 1Al x s -1A4Al72% m/
- internalField= cell #<S A As= A

=
iniform(0 0 0)&= Z27] W9 RE celld] £25 008 AT Aot}

wn
(o Mu
=5
[.._91_5
ol
2
(o3

-47-



5]

e R 3 eyl HEEW 2 AAHEE Z299 A9 internalField e &
2} 2 Al E ok

boundaryFieldi= blockMeshDictell A A ® 7} AW &k oigh AAz=Z
S A Ask= Bolth

dHtx 0 2 OpenFOAM E 2o o] A8 5= boundary type <3k 2>¢} 7t}

. Boundary Condition

Boundary Type Description
fixedValue Constant value at boundary
zeroGradient zero gradient(extrapolation)
fixedFluxPressure the pressure gradient so that the boundary

flux matches the velocity boundary condition

total pressure is constant. static pressure is
totalPressure
computed

) if known pressure at inlet. velocity is
preesurelnletVelocity
computed from flux

. switching between fixedValue and zeroGradient
intelOutlet ) . .
depending on flow direction

pressurelnletOutletVelocity combination of pressureVelocity and intelOutlet

w Aol A8¥ Swol 0@ ZAXDL OpenFOAMOIA Autaom 285
AAZA(E ol ohd olaFLOWS +82 918 +98 243 A2d 2 557
Azl

intelel #-8% waveVelocity A AIZ71-E& constant ZE W9 waveDict 3+ ol A]
A Q¥ = wave theoryst 3tal, 357] 5& ¢lo] 3PS YA I

outlete]l #-&% waveAbsorption2Dvelocty= Z3¥ 33 o] F&5A S vk
o7 AHAIA MALSE A A= Tz olth outlet 7oA absorptionDire
AFA o FHuads Ueti 360EY 2 ks FHskA w9 id A 4
WaFo g U E FFETh

3z Aakol A= outletell waveAbsorption3DvelocityS AF&3tH 84 absorptio
nDir ™4 nPaddlesE A& 3t} nPaddlesol] A% gkoll whgl Aol &3ty
A Ha 2dE W Zh7h gekst 3] dis] whAbgE Aojshe dEE s
2219 Alakel A dhgke AR nPaddlest 1S F38hH, 332 49 Unkx

42
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o= 258 A &3
- flontANDback A2 2xF oAl AAtst#] &= FAHOE empty= A7 skt
- wall AAdANA F52 fixedvalueE AFE3o] zero® A3t uniform(0 0

0= 474 x, y, z e #42 002 AAHSS oJusic},

@ p_rgh 34

JEm = CHt —hkmm #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 1.5-dev |
| \\ / And | Web: http://www.OpenFOAM.org |
| A\\Y4 M anipulation | |
R */
FoamkFile
{ version 2.0;
format ascii;
class volScalarField;
object p_rgh;
}
dimensions [1-1-20000J
internalField  uniform 0;
boundaryField
{ walll
{
type fixedFluxPressure;
value uniform 0;
}
defaultFaces
{
type empty;
}
outlet
{
type fixedFluxPressure;
value uniform 0;
}
inlet
{
type fixedFluxPressure;
value uniform 0;
)
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atmosphere

{
type totalPressure;
U U;
phi phi;
rho rho;
psi none;
gamma 1;
pO uniform 0;
value uniform 0;

}

~ inlet, outlet, wallol Al A Z71& fixedFluxPressure =74 AR&3slo] 74

of A4gshE fHozNE e AT

il

A

- 71 A AH atmosphereol A1 &= totalPressure =71<& #&3to] Agd= port ¢

AatA 00] HEE slo] AES A

@ alpha.water 3

- alpha.water 3¢ 29| VOFo| ot AAz & 27]gs AAs = Aoz
5ol 7% alpha=1, &7]¢l 9% alpha=0 ©]tHF% setFieldsE %3 &3
g 7).

e = Gt —mm #\
| ========= | |
[\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 1.5-dev |
| \\ / And | Web: http://www.OpenFOAM.org |
| WV M anipulation | |
K — x/
FoamFile
{ version 2.0;

format ascil,

class volScalarField;

object alpha.water;
}
dimensions [00000O0O05
internalField  uniform 0;
boundaryField
{ inlet

{

type waveAlpha;
waveDictName waveDict;

-50-

ol
~N



value uniform 0;
}
outlet
{
type zeroGradient;
}
"wall."
{
type zeroGradient;
}
defaultFaces
{
type empty;
}
atmosphere
{
type inletOutlet;
inletValue uniform 0;
value uniform 0;
}
}

A2 olaFLOWS] AAIZ=H S ®E waveDicta

- inlete] Z &% waveAlpha 77
] A= 75 gk

o Auere vgel we Aw

PN

@ porosityIndex 3}

- porous medias A s}

[ = Gt =k #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.1.0 |
| N/ And | Web: www.OpenFOAM.org |
IV M anipulation | |
Rttt */
FoamFile
{ version 2.0;

format ascii;

class volScalarField;

location "0";

object porosityIndex;
}
J/ ko ko ko sk ok sk ok sk ok ko ok sk ok sk ok sk ok sk ok sk ok ko sk ok ok ok ok ok ok ok ok ok ok J/
dimensions [00000O0O0L
internalField  uniform 0;
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boundaryField
{ inlet
{
type zeroGradient;
}
outlet
{
type zeroGradient;
}
"wall.”
{
type zeroGradient;
}
defaultFaces
{
type empty;
}
atmosphere
{
type zeroGradient;
}
}

- B Ao e AAZAE zeroGradient® A A sk}

® turbulent viscosity %<
- nut, nuTilda, nuSgs, k, epsilon®] FL =2 ZAAHL viscosityE A A 3},
- Bounday Condition®} Wall function®] w3t A& Nextfoam(2017), “Boundary
Conditions - OpenFOAM-4.1" o ®Ht} A3 A A =] it

(2) Constant &4

- constant ZU &= FH7EE R R Y porosity, }EHFA, FEUA A 59

=
% Aol Aeold mde] A5, EYule] polyMesh Edlol= ARG R} 7
AZ AR B} triSurface ZH o= stl Sdo] ]2 29).
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polyhesh
triSurface
Og
| ] LESProperties
| | porosityDict
| RASProperties
| | transportProperties
| | turbulenceProperties
| 1 waveDict

¥ 29. Constant =0 34 <

| ] blockmeshDict
| boundary
] faces

| neighbour

| owner

| points

19 30. polyMesh Zt 3 o

[ 7 all_new_x
| breakwater

1% 31. triSurface Z¢ #<Y o

- A% 249 YT B AN T A8HE 2302 APe] ANIY
o &3} 2o] go gow 4FPh
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[ k= CHt —mmmm e #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.1.0 |
| \\ / And | Web: www.OpenFOAM.org |
[V M anipulation | |
Koo */
FoamkFile
{ version 2.0;

format ascii;

class uniformDimensionedVectorField;

location "constant”;

object g;
}
dimensions [01-2000 0]
value (00 -9.81 )

@ P (turbulenceProperties) 34

- GFE 9 sumulationType> RAS, LES, laminar® %™, LES =&l A

4 ol e 2o

e = Gt #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.1.0 |
| \\ / And | Web: www.OpenFOAM.org |
| WV M anipulation | |
K — */
FoamFile
{  version 2.0;
format ascili,
class dictionary;
location "constant”;
object turbulenceProperties;

simulationType LES;

LES

{ LESModel Smagorinsky;
turbulence on;
printCoeffs on;
delta smooth;
cubeRootVolCoeffs
{
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deltaCoeff 1;

}
PrandtlCoeffs
{
delta cubeRootVol;
cubeRootVolCoeffs
{
deltaCoeff 1;
}
smoothCoeffs
{
delta cubeRootVol;
cubeRootVolCoeffs
{
deltaCoeff 1;
}
maxDeltaRatio  1.1;
}
Cdelta 0.158;
}
vanDriestCoeffs
{
delta cubeRootVol;
cubeRootVolCoeffs
{
deltaCoeff 1;
}
smoothCoeffs
{
delta cubeRootVol;
cubeRootVolCoeffs
{
deltaCoeff 1;
}
maxDeltaRatio  1.1;
}
Aplus 26;
Cdelta 0.158;
}
smoothCoeffs
{
delta cubeRootVol;
cubeRootVolCoeffs
{
deltaCoeff 1;
}
maxDeltaRatio  1.1;
}
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@ waveDict 34

- inlets &% o] 2yxAe AT

R #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 1.3 |
| \\ / And | Web: http://www.openfoam.org |
IV M anipulation | |
Rt */
FoamFile
{ version 2.0;
format ascii;
class dictionary;
location "constant”;
object waveDict;
}
waveType regular;
waveTheory cnoidal;
genAbs 1;
absDir 0.0;
nPaddles 1;
wavePeriod 10.0;
waveHeight 4;
waveDir 0.0;
wavePhase 1.57079633;
tSmooth 0.0;

@ transportProperties 4
- 229 FHAATN, ¥E 5 EAXE dH3)

- EA BAY S FERYAFY

[e]
o
- wHEFAlH Newtonianl. & AAsta FHAAATE A2 9

ot

=
- 57 E A A9= transportModelS CrossPowerLaw %+ BirdCarreau@® A

Aslal olo] wE Al+E CrossPowerLawCoeffst} BirdCarreauCoeffsol] A7 st
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I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.3.0 |
|l \\ / And | Web: www.OpenFOAM.org |
[V M anipulation | |
koo */
FoamkFile
{ version 2.0;

format ascii;

class dictionary;

location "constant”;

object transportProperties;

}

phases (water air);

water
{ transportModel Newtonian;
nu nu[02-1000017 1e-06;
rho tho[ 1 -30000 0 1] 1000;
CrossPowerLawCoeffs
{
nu0 ni0 [02-10000 ] 1e-06;
nulnf nulnf [02-10000 ] 1le-06;
m m[00100001T1;
n n[000000010;
}
BirdCarreauCoeffs
{
nu0 nu0 [ 02 -10000 1] 0.0142515;
nulnf nulnf [ 02 -10000 ] 1e-06;
k k[00100001996;
n n[ 0000000 ] 0.1003;
}
Jair
{ transportModel Newtonian;
nu nul[02-100001 1.48e-05;
rho tho[1-30000011;
CrossPowerLawCoeffs
{
nu0 ni0 [02-10000 ] 1e-06;
nulnf nulnf [02-10000 ] 1le-06;
m m[001000011;
n n[000000010;
}
BirdCarreauCoeffs
{
nu0 nu0 [ 02 -10000 ] 0.0142515;
nulnf nulnf [02-10000 ] 1e-06;
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k k[00100001996;
n nl[00000O0O01]0.1003;
}
}sigma sigma [10-2000 01 0.07

® porosityDict bitSl)
- & 9] porosityE A A 3k}

- —irjf‘ A e setFieldsDictell A 2l ¥ regions®] porostyS A A 3t}

- a, b, C+= friction factore]™, D503} prosity:= 9423 &F=5Eo|t}

- 3ol Hde A 2+ setFieldDictoll 4] A A 3+ porosity media °§ o] = E 4
Aol A shtel G FEHA X Fo stuE F 2 9= 7HKITh

- EAo] 54 A= setFieldsDictoll A& ¥ porositylndex =4 ol IL}EUﬂ H) gt
o2l porositylndex”} 091 G HoA F=E-S 19|32 porositylndex”} 191

Al FFES 04982 At

R = CHt —hkmmm #\
| ========= | |
[\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.1.0 |
| \\ / And | Web: www.OpenFOAM.org |
| A\\Y4 M anipulation | |
R ®/
FoamkFile
{ version 2.0;
format ascii;
class dictionary;
location "constant”;
object porosityDict;
}
// Materials: clear region, core, secondary armour layer, primary armour layer
a 2(0 50);
b 2(0 1.2);
c 2(0 0.34);
D50 2(1 0.01);
porosity 2(1 0.49);

(3) System &4

- system EU = AMERS AZE AR A, AR, FAVY, e A
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4 T wAs THAE o] AAZH(H 32).

| contrelDict
| decomposeParDict
fwSchemes
| fvsolution
| setFieldsDict
| snappyHexMeshDict

19 32. system ZUY 3

@D setFieldsDict o+

- kA Al uie} 7Fo] alphawater @2 7| A% 0, 9 AF 12 A9
o},

- setFieldsDict $¥ oA boxToCell& boxE Ea 5& ¢zl g IS

- ARG F ARG

Holus d92 Aoz ujAldt. Box(-10, 0, -26)
(930, 0.02, 0.293)> (x-A| %,

- O3 7FRE9 99 surfaceToCellol A A A F ).

- fAte] HE FxE FEE trisurface ZU WO stl U E A Fn o] Qlojof 3}
H, 7]9E file o] Fol FREe} o] AT}

lo

- 7} %% porositylndexol] whzl o2 #HE Aol 5 gl
258 () ZUdA AALYE AAZHIAE T35 x &=
~ olako] WA X QA e JAL defaultFieldValues A Ea Aol sh

B oA 9] A-$+E alpha.water, posositylndexE E5F 002 A A3t}

R #\
| ========= | |
[ \\ / T ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ / O peration | Version: 1.3 |
| \\ / And | Web: http://www.openfoam.org |
IV M anipulation | |
K — */
FoamFile
{ version 2.0;
format ascii,
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class dictionary;
location "system”;
object setFieldsDict;
}
defaultFieldValues
( volScalarFieldValue alpha.water 0
volScalarFieldValue porositylndex O
)

regions
( boxToCell
{
box (-10.0 0.0 -26) (930.0 0.02 0.293);
fieldValues
(
volScalarFieldValue alpha.water 1
);
}
surfaceToCell
{
file " /constant/triSurface/all_new_x_2.stl”;
outsidePoints ~ ((545.0 0.02 0.0));  // definition of outside
includeCut true; // cells cut by surface
includelnside  true; // cells not on outside of surf
includeOutside false; // cells on outside of surf
nearDistance -1; // cells with centre near surf
// (set to -1 if not used)
curvature -100; // cells within nearDistance
// and near surf curvature
// (set to -100 if not used)
fieldValues
(
volScalarFieldValue porositylndex 1
);
}
surfaceToCell
{
file " /constant/triSurface/breakwater_3.stl”;
outsidePoints ~ ((545.0 0.02 0.0));  // definition of outside
includeCut true; // cells cut by surface
includelnside  true; // cells not on outside of surf
includeOutside false; // cells on outside of surf
nearDistance -1; // cells with centre near surf
// (set to -1 if not used)
curvature -100; // cells within nearDistance

// and near surf curvature
// (set to -100 if not used)
fieldValues
(
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volScalarFieldValue porositylndex 1

@ controlDict 3

A4 F A
o] %9 Aojul

29 4%
.

runTimeModifiable2 a4l 0] X8 & += %% controlDict ¥ S A3 o] AL

AN A 58 AR} deltaTsE siA] A|4H7EA o]
FE A= B
o]

5 AR Aolth ol F Az U@ 47 JFEF A

s
1
I

o
gl

FTHSAY 3ol FTRHE AE AT F JEEF A Hd E=F system
Ze WAS Ak 75 s &/ XstE V]S olth

maxCo+¥ FHt Courant &°, maxAlphaCo: VOF 314 A1¢] Ht) Courant <,
maxDeltaT+ FH W AIZF 1HA & LERdT

controlDictel] AF-&% 7|9 =6 oW & AFES & JSA] T3 A5 @S A

=
4ate Aol dummy® 2olFW WolZ 4 gl F7HQl gAlo] Hwh

R #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 1.3 |
|l \\ / And | Web: http://www.openfoam.org |
| A\\Y4 M anipulation | |
K — */
FoamFile
{ version 2.0;
format ascil;
location "system”;
class dictionary;
object controlDict;
}
application olaFlow;
startFrom latestTime;
startTime 05
stopAt endTime;
endTime 80;
deltaT 0.001;
writeControl adjustableRunTime;
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writelnterval  0.1;

purgeWrite 0;

writeFormat ascii;
writePrecision 6;
writeCompression uncompressed;
timeFormat general;
timePrecision  6;
runTimeModifiable yes;
adjustTimeStep yes;

maxCo 0.45;
maxAlphaCo 0.45;
maxDeltaT 0.05;

@ fvSchemes 3}
- fvSchemes YL solver’t AlAtslmAsteE WA A9 X scheme( 3712 Q)
W, WA, el A fluxel #3AE W8)S A g sk

H oo Aol A ddtSchemes: A 7Fx}Eo] Euler WS A-&3FS o u| it}
_]
e}

e = Gt —mm #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.3.0 |
| \\ / And | Web: www.OpenFOAM.org |
| WV M anipulation | |
K — */
FoamFile
{ version 2.0;
format ascii,
class dictionary;
location "system”;
object fvSchemes;
}
ddtSchemes
{ default Euler;
}gradSchemes
{ default Gauss linear;
}divSchemes
{ div(rhoPhi,U) Gauss limitedLinearV 1,
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div(U) Gauss linear;
div((rhoPhilinterpolate(porosity)),U) Gauss limitedLinearV 1;
div(rhoPhiPor,UPor) Gauss limitedLinearV 1;
div(rhoPhi,UPor) Gauss limitedLinearV 1;
div(rhoPhiPor,U)  Gauss limitedLinearV 1;
div(phi,alpha) Gauss vanLeer;

div(phirb,alpha) Gauss interfaceCompression;
div((muEff+dev(T(grad(U))))) Gauss linear;
div(phi,k) Gauss upwind;

div(phi,epsilon) Gauss upwind;
div((philinterpolate(porosity)),k) Gauss upwind;
div((philinterpolate(porosity)),epsilon) Gauss upwind;
div(phi,omega) Gauss upwind;
div((philinterpolate(porosity)),omega) Gauss upwind;

HaplacianSchemes
{ default Gauss linear corrected;
}interpolationSchemes
{ default linear;
}snGradSchemes
{ default corrected;
HluxRequired
{ default no;
p_rgh;
pcorr;

alpha.water;

}

@ fvSolution
- fvSolution F¥& &4 =42 o] matrix solverES A ¥ 3tal algorithme I}

=
MEE AAse Bdol

[ k= CHt —mmmm e #\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 2.3.0 |
| \\ / And | Web: www.OpenFOAM.org |
[V M anipulation | |
Koo */
FoamFile
{ version 2.0;

format ascii;

class dictionary;

location "system”;

object fvSolution;
}
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solvers
{ "alpha.water.*"
{
nAlphaCorr 1;
nAlphaSubCycles 2;
alphaOuterCorrectors yes;
cAlpha 1;
MULESCorr no;
nLimiterlter 3;
solver smoothSolver;
smoother symGaussSeidel;
tolerance le-8;
relTol 0;
}
"peorr.*"
{
solver PCG;
preconditioner DIC;
tolerance le-5;
relTol 0;
}
p_rgh
{
solver PCG;
preconditioner DIC;
tolerance 1le-07;
relTol 0.05;
}
p_rghFinal
{
$p_rgh;
relTol 0;
}
U
{
solver smoothSolver;
smoother symGaussSeidel;
tolerance 1e-06;
relTol 0;
}
"(klepsilonlomegalBlnuTilda).*"
{
solver smoothSolver;
smoother symGaussSeidel;
tolerance 1e-08;
relTol 0;
}
JPIMPLE
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{ momentumPredictor  no;
nOuterCorrectors 1;
nCorrectors 3;
nNonOrthogonalCorrectors 0;

JrelaxationFactors

{ fields
{

}
equations
{
"
}
}

® decomposeParDict
- decomposeParDict 3¢S HEFP S A A= gdolr)

- numberOfSubdomains© %483 CPU L+ Core &5 A A3}

)
- methodE 9 gFst WS A A3, simple, metis, Scotch 52 &3t

o = =
= A8 & Uk

- simpleCoeffs method simples AF-&3k u] AA & ofst= AFEolth

R #\
| ========= | |
[ \\ / T ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ /O peration | Version: 1.3 |
| \\ / And | Web: http://www.openfoam.org |
| WV M anipulation | |
K — */
FoamFile
{  version 2.0;
format ascil;
location "system”;
class dictionary;
object decomposeParDict;
}
numberOfSubdomains 4;
method simple;
simpleCoeffs
{ n (221
delta 0.001;
JhierarchicalCoeffs
{ n (111
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delta 0.001;

order XyZ;
JmetisCoeffs
{ processorWeights ( 1111 );
JmanualCoeffs
{ dataFile "
}distributed no;
roots 0;

2f. OlaFlow
(1) HiZ
- 9Eas J]uel OpenFOAME & WE4S Bxoz spusle] gAw so
2 gukgste] #3517 93] B3 2yr)s E wkAgA o) 7] 5 o] EEE 3]
s qety AHE FA EAe AL AT 2
- o]yt A|gtS =53t A Higuera et al.(2013)2 3% VARANS(Volume-Aver

aged Reynolds-Averaged Navier-Stokes) WA 4o 2 7|22 OpenFOAMe| =
753 WkalgbAo] 7|58 FrhH o7 {3 [HFOAMS 7|23lal o] % [HF
OAMel T=8& Ze FREdTE2EdA FAAZS Lests Laes F7hetal
multi-paddle piston W29 Z3}7]53 Z3ke} BALTAE 93t 73] o ol A
cutting-egde 7|&< ©|&3to] CFD 7|89 FX|A|qtoll A o=z XA H = 7
AHR1ES d7gE OlaFOAMS st om (ol dE 5, 2017), @A+ OlaFlow
& I olFeo] WA E o] sl A&
=

-

- mElA o] FE oE A TRAHAEE 9o 54 X (wave dynamic simulati
on)¢ HA 7]%<S OpenFOAM 2 FOAM-extend AFYE o Al&stazat =
sk 9l

- OlaFlow+= two-phase solver ®A] ©] solveri= A A Z&3= Al (state-
of-the-art) active wave generation ¥ 7+2(absorption) 71<, t3/d vl Al (poro
us media)E 33t AFEHEE(free surface flow) =+ multi-paddle piston
~-type wave generation®] A & (replication)¥} active wave absorptionS X 3$F38}+=

H A< 7] W (cutting—edge technologies)S #|-& 3t}
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(2) 712

olaFlow+= OpenFOAMel| ¥3%¥ solvers % 3sfipo|tt.

o] solvert g4 X} (finite volume discretization)® VOF(volume of fluid)
WS AMEste] 7 oudEAd EZ(two incompressible phases)oll gk 3%
Volume Averaged Reynolds Averaged Navier-Stokes(VARANS) WA 21& A4
Ela=

VOF ©lA 7} phasex= ZAHcel)W iHA EZ2 (" materia)®] A ¥37} 24X

3= H(a)2 EAHA

—¢€, k—w SST, LES)E A d3kc},
A} (static mesh)ol| 7+ & -8o] 7153l olaFlowe 73}t B A<l

q AAF(dynamic mesh)E 483 4 At} (“DyM’-2 Dynamic

o,
Q
)
@)
=
rr
t
rot
N 2
Y
e
o
td
i,
o
0Q

olaDyMFlow =
Mesh& A 3).
wekA], o] solvere  FAASl =AY, AT
refinement =% ©]% 7 Zl(moving boundary)ol Al I}o] AAS meojgh 4= it}
o] F solvere ©]/4e] A ol9Je&= wUdg Wl wet sdS WS ALS
t}.

olaFlow$} olaDyMFlow?e] ZAAIZH REL o] 5& A= F& A A &1 Z53)
EE sl

o] F solverell+= o8] I} o]&(wave theories)dll W} 3F& AAdst= 7]50]
F7he o] At

F7FH 02 active wave absorption®] 2]4F 2% o] (extrapolated 2D theory) 2

2 2 a5 o] glo] &7 Al(pure absorbent boundaries) T+ 3 A 7 Al

offt
Dy

=5
2
ftlo
R
il
0,
<
5
2.
O
3
(¢
5

(wave generation boundaries)ol A outgoing wave’} A& 3HFAM(minor
reflection) & 7FA 3l whAUYZ = & wrEo] #r F7HH o2 H] Al YA}
3}t(non orthogonal incident wave)E TtF+ T2 339 o]2E50o] 7jdso] g}

ot
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o <u; >
- ox; N
op <wu; > ) 1
- - | p<u ><u;, >|=
ot ox; 10) i j
C > o<, >
o<p > op 0 i
— - +¢g. X~ - - -\
¢ ox; 9;%; ox; O, [Meff ox; 7] )
- o714, closure term [CT]+& W3} o] Aot}
o <u; >
[CTI=A <w, >+ B|<u>|<u, >+ C- o

— o] 2o A w#A 4= Burcharth and Andersen(1995)¢] #-8-% Engelund(1953)
2ol efsf ALk

_ 4\
A:a_(l 2(/5) _Mz (1.4a)
¢ Dy
_ 75)1=¢ p
B_ﬂ(1+]( ) & Dy (1.4b)
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p Density, which is calculated as presented in equation 1.5
U v Velocity vector
p* Pseudo-dynamic pressure
g, 9; Acceleration due to gravity
X Position vector
10) Porosity
orV o Surface tension term
o Surface tension coefficient
Va
K Curvature of the interface: K=V - —
IVal
« Indicator (VOF) function
Efficient dynamic viscosity, which takes into account the
Perf molecular dynamic viscosity plus the turbulent effects:
lu’eff :/’L_'_pyturb
Viurb Turbulent kinetic viscosity, given by the chosen turbulence model

o

21(1.2)9 Fs2 =
(coefficient matrix)S %3
explicitat Al Alxbs o] WA A o] SHIS FA e

phase®] °ol&& AWat7] 913 F7F BAFA L nesfopdt o itk sj}t
38 ok A= B F7Ivte] EAEIER, thgo] 4L o] F phasethS U
Fo R Tt

o] 7t o= s, @A 342l indicator phase function(a)%te] B Q3stA ¥

# AAES AN gle 559 A5 FEe AS 9
o

_H
N
do
ol
o
(o]
o}
=
T
o
>
=
®
=2
X
>
ofo
)
bl
o
AN
ot
i
rf

_—

o] function 7t cell®] @9 F9F £ o= AHojHr
o= Wef a=1°d =o] 7}5 F Aoja, a=0°]" ¥V|2 Jt5 3 AolH, th
2 Aye

p= apwater + (1 - a)pair

A4 *5s FHs5ts A AAHL2 1A (classic) o] FHA

1>
-
v
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1 o<y, >«
ot ¢ ox

=24 das 47 AdiMe ds3d 2ol B ThA AlAbES A &soF $h
sharp interface’} # & o]ofut &}al, a¥ conservativedfoF 3w 03} 1A}o]<
g xefoket 3tk OpenFOAM®-E compressing differencing scheme®] #-& tf
Alel artificial compressing term (V « U, a(l—a))S &3t}

o] HH L conservativest™ @A interfaceo] 41 ¥t non-zero S 3 &HA F Ul

H

g, U7t interface(T ol F2olil Fo2 h=HA i, o HeA a2

Va
Vol
ol S7FshAl Ho F7lel A &9 phase® W3E A #H)
ol ZFE o] HEAo] mEH.

s 1 0<uy;,>a 1 9<u,;>all—a)

— - +_ — —

at ¢ ox; ) ox;
o714, | U.|=minle,| U],max(| U])]o1™, A}-&2&= factor ¢, & A4 5 At
7R o= 1 & AFESHA, interfaced] ¥=A4S Aststr] 918 o & s
A& 5 Qo

o] WAA AAE 54 A7A"d MULES(Multidimensional Universal Limiter
for Explicit Solution)2}3l # 3} solverE ©] 83t AlAbE o),

o] solveri= AE¥ HAka(discretized divergence term)?] fluxol thal gk &
H (limiter factor)E& AF&3ate]l HF ghol 03 14to]9 grow EAGEE F7-3
=3

Ao w2 A Ldag]FL PISO(Pressure Implicit with Splitting of Operator
s) olth

‘r’

Ay
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FOR rAlnaS e yces

Avance detaTinAIpnASUNCyTes

Fixh nalphaCorr

Arzembie 3phal makric

Updatn wiphal BCs

Soker alphal egustion
—_— IMUEES)

FOR rihsterComectons
OR Comeerpence

B eble & el
maEnrum equation

Frossure
Carrector Loop

Cacuiate & update Caltulate wetocity
furbusent vacinbies Calouiate Hux

Non-Orthogonality
Corrector Laop

Calcuiabe conliruty
wrrers

19 33. “interFoam” solving flow chart. “TFSL” stands for

Theoretical Free Surface Level.

- 1% 33 Z} time stepoll Al AAEs= dA FEZE HoFE)

ago Al Hd Te AE wjAFoRE AAEHe dom, alpha subcycle@}
Q] Fof F7t2 A ro] 9l

-

AZAN W /1 MEe @S a9 AAE Y

=
H4=(e.g. “nAlphaSubCycles”, “nCorrectors” ...) 52 program control fileol| 4] A
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Ast 4= Qi o] Ed &4 FH(model solving procedure)ol A

(performance)& A| vl gt}

(4) OlaFlow 4dz| g Ao}

- AbgA g4 wet olaFlow$t olaDyMFlows A X3t Wyl WA

- =

Ao t}e3 o] OlaFlows EA}sht},

> git clone git://github.com/phicau/olaFlow.git

= OeEE olF dHelE W2 tat 2k

> git checkout

> git pull

- WA, allMake ~AHEE st AAXAS A9 gt
> cd genAbs
> ./allMake

- 283 AFERE ARE WA 9= solverE A9 g}

-9
%

IS

|
o

a HOL =]

=4

> cd solvers/olaFlowXXXXX
> ./allMake

714, XXXXX+= AFEAFe] OpenFOAMM - A H oot}
A=

712 controlDict 3} WHFolA FHo =2 AAHM, ol&
st AFE3 4= 9t (eq. interFoam).

gest 2,

rlo
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libs

“libwaveGeneration.so

“libwaveAbsorption.so

Of. OpenFoam (OlaFlow) I} 44 (wave generation)
(1) i3
- OlaFlow 3} A4 BC+ active wave absorption¥} laboratory wavemakerS | &
at7] 91k 54 eI 2 o] Jleo] AAEA =dEA, e 2E o
b o] Zell wel FANA AMEAcr wrF AEHES 2 H A Stokes I, I,
cnoidal and streamfunction, regular waves; Boussinesq solitary wave;
irregular(random) waves, first and second order; piston-type wavemaker

velocity profile replication.

- OlaFlow 3 A o] 2 Le Méhauté(1976)2] 1) (19 345 &3] A9 715

3},
0.05 ; :
l
0.02 L Hy/hg 014 /o St o
I
0.01 F
I
0.005 | |
H L Stokes 2“‘1‘ order
0.002 | & b
g7? _ J~H=Hy /4
0.001 / STH N2 /B = 3/6/,_\_ _____
0.0005 /,’ J
P |
S linear theory
0.0002 L |
//
7
0.0001 ~“intermediate depth |deep]
water /{/ 4 waves water
0.00005 L YEs 47, _ [waves

0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2

g7?

19 34. Wave theories range of applicability. Le Méhauté(1976)
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- o] 1 ZE QOlaFlow? reference

ory.py &

- ~AYES AW F vu

%1t] WY waveTheory

A ZRaRe At 44 488 F Ak

(H), &4 ), F7I(T)E 49std Le Méhauté(1976)

o] ez o] waveTheoryol Bt Ho| wAJE T
- 9 A4 BC7F AAeA E2 st &4
dloF &, 7} wave generation boundary®] # #F (lowest point)= RFEA]

levelol| $1A|3oF st}

- A", patchnbth=
W, WAAS o R S5,

X

_lth

>

ry 4N k-

&

= o
8 AR
of 4] ek,

level &

YT 3 o] BE Lo

3 4. Wave generation references

g2 =

T T 7 FoM o wFoew %

FE gon R X 2 JFO

Aoz AAzAN FdE solverol U

AL8¥ reference’} EE W o] %

Theory Reference Comments
Stokes | and Il | Dean and Dalrymple(1991)
Skjelbrea and Hendrickson
Stokes V (1960)
Cnoidal Svendsen(2006) Best fil solver.

Streamfunction

Fenton(1988)

No solver programmed. Its input
is the output coefficients from
Fenton(1988) program.

Solitary wave

Lee et al.(1982)

Boussinesq theory
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5

ol
rE
i
BC)
5
|

free surface elevation

velocity components

s
E

wave length

wave period

water depth

wave number

wave celerity

angular frequency

wave phase shift

wave phase

(Tl |0 |F T g NS

wave propagation direction

(2) OlaFlowoj|A| 4iMdl= IO} O|2 (Wave theories)

@ Stokes I
- Stokes I, Airy wave theory, small amplitude waves ¥+ linear waves+ water

waved] gt 7} w3k o] Z3) o] th(analytical solution).

- o] °o]&2 Airy(1845)l ojsf JhEEgloem, 3ol il

g Fa Hge e 2

L% @A, MR 2 H1HA (inviseid) S0l

- free surface %9 < (uniform)3dtal <= (constant)°|t}.

- 52 Y3144 (irrotational) © .

2

He eI v F3 (impervious) ©] T},

R

H
- A 331 (relative wave height)+ 2t} (*h <1).

-75-

hl

X0,
R



& BAF A (dispersion relation), ©]® ZloJoaA] Foi=l

o8] Z7](magnitude) IS} 25 7te] AsBAE BT 4 At P =23 A
Z periodel Wit W (L)S T+
¢t =L (transcendental equation)©]t}.

2
_ 9T 27Th)
L 27Ttnh I
2 2w L gT"
== == == I =2
F=p . 0= = =,

- o] 3} o2 &&= AFEHIE(free suface elevation)Z} EE=%(velocity field) S &

S 4 ¥ potential functions 7]¥te& 3t}
- 221 FEo| A X o2 o|F3e AS ko Wekolgtn & w 1L v )

H
=5 cos (kx — wt +1))

H cosh(kz)

u= 5 Slnh(k:h) cos (kx— wt +1))
H smh(k ) .

w=— 51 nh (kh) sin (kx —wt +1)

olE BIAE A&7 A= AAY HAA HE7F =001 XS oFt gt
= 7Fgol ook vt o] AWHAQl Fo] ofyw oW AlEyolde] A%
wave generation boundary”’} ThE lowest levelS 712 +x ¢S 7t}

ol& mEFY] e o 2 HAEAE 2 HEA, 2=k +2 2 AFoF 3§
W, 714 o e 7]F levele %7 AW (initial still water level), 1¥] il
h= &A AA9 local water depth ©]Th.

3D #HEAA 2DE 5 casedS 1HFH o] 2L AubHQl case® FAE

ol= Ust= WP R 22 casedE AASAL, X o ¥V Fo AAE Fd
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(projecting)sl™, 8L A 7 o= ZA&3vteE 7tg oz 7idstA 14
A

.
F 5 ol o 4L Fa thee] dojx

n= —g[cos(e)
0= ity €05 Okos
2 Sy C0sOsin(®
o= 22

- o 7] A, 9:kwa:+kyy—u)t+1,b olm k =kcos(B)E X

=
number)©| 3L, ky:ksin(ﬁ)% 2 9 3o g Eoy ol

@ Stokes II

- Stokes II+= Stokes I ©]2& Ht} WAAZ] Aog <A AFE o]2o] second

order terms F7}gk A olt}

s

- ©@x] B2k #A(dispersion relation)E WHE-A (iteratively) &2 AlAksl7] Wi
o] o] &2 M3 o] &olstt

H H? 3—o°
n=- cos(9)+k—4 T4 cos(26)
u:—Hw—COSh(kZ) cos(6)+—3—HkaCOSh(2kz) cos(26)
2~ sinh(kh) 4 4sinh*(kh)
H sinh(kz) . 3 H’wksinh(2kz) .
w=— w-—. sin(@)+- — sin (26
2~ sinh (kh) ©) 4 4sinh*(kh) 2)
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o =tanh(kh)

29 35. Stokes I 3} o]Z2: H=5cm; h=40cm; T =3 s. g4 : Stokes I,
21 A Stokes 11

@ Stokes V

- 99 o]EEL2 smaller waves % BAlSIY Ta7F FUetH olE& © o
small amplitude® &g 4 glom welA olE finite height waves X d S
T UE HUE I o]Eo] Hasth

- fifth order Stoke wave theoryi= 3} AJAlo] #3k ol AHIS nHlgto =
Skjelbreia and Hendrickson(1960)°l ]38 A|A]lH o] && AF&3to)

- F Y mRFEE zZt= F 249 WA A (transcendental equation) ] A 2~ €l of] A
FA4 Axkel f1Ast= A v Heh A (DS 271 A= R AL

H(solved iteratively)< 43 g+c},

Three-crested-waves

02

015

0.0

]

-0.05
01
-0.15

02

-0.25

a
o
@
o
@
©

719] 36. Stoke V & (o).
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@ Cnoidal

N

Cnoidal wavex= &7 & H|(distinctive shape)E 7FA+= 8| A& FF ao U=,

of i shge] FHuT F UH, Aol EAshs A4 el

® Streamfunction °©]&

Stokes V X+ cnoidal wave ©]&o] A 35}A] &S wl= dWbE © 2 high order
streamfunction solutiong °]&3 < 2t}
o]o] solutione T L3 AFE A7) Yo WAHA A2ES AFEIL AL

) o] oW order2% A3 4 9t

o] AW breaking condition®] wj-$- 7}7b Iheo] A S & &3t
o] F ¥ Fourier series®] complex potential solutions Z&3sl=t] 7] =g},

Solveri= 7H74 A el ZH =] AA gom 4l “Fourier's} &= T2
OIS AR Bte o] RS C dol2 IZYHY Qi A =g
ATt (old versions ThE2 = k= Zo] AL,
qe Ame AL saH/b), FATVg/h), el EFe =7(current
magnitude) & 71 4= Ath
359 A7 wave flume = tankE R E 49 02 AT 5 Ak

S ofg] 1 v ¥ (wave parameter)®t 17 9 component ¥ F 7|
o NER F4HTh
component= YWHAQ Fo| A= 100 FHEA| T steepdt Tl A= 327HA] A
Al FoloF et
<& 3}9] frame referenceol A (HE3F 2o osf A|FT¥HE) v, A

20 g AFEEIES SIS AEAN, oF @S AAXAS AW

L84

lly

® Solitary wave

Korteweg-de Vries 2 ©Z X E permanent forme o7 3= AALS ¢ ¢l&:
37 AvtE = FQF 2 FEjrF Wslkel A @ AS 9wl
o]

ol e A WMAE solitary wave©|H, = oscillatory waveZ} ofd
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translational wave ©]t}.

@ Irregular wave

- A gEle] she AR o webd MAgHe AR k7] SAsHA

=

s

BT et Aol Fas
o

o] X

M

o] Z 9 first order theory”} 3l7/JHl(sea state)E xdsle=d T

h o=

2
d

b wHoE A3 A3E A7) A= first order component?Fe] second
order interactions i@ stE Zo] & Q sl

= A1

@b First order

First order directional &3 3= Fo]% 422 component(N)E 7}FA| 3L Stoke I
35 Ay FHet] AT = o

4 % 49 component® A A v}

A EHS discretizingst Ao =2, o5 22 amplitudeE©] T3] %t}

7y 7} e] components= ZFA O] HaL(H), TF7|(1), F97H(y,) 18ar A aprkgk

[e]

=l o2 Aok Wi, i

(Bl &3] geojett, A HI orbital velocity component™ T3 o] F
o 2T},

os(k, atky— wit+1;)

‘ h
iy cosh(kz )Coswi)cos(@)
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- A7, 0, =k, +ky—wt+d, ABE 7 component®] Wyt A WA v

Q1S 3l normal WE Y] Wake] Xlo]E ofn| S
- WA (directionality)oll = E-73tal AAME 9 Z(outward, |AQ>7/2) EE
A %k (tangential, [Afl=7/2)9] T& YT & §loerZ o]5S A|AF kvt

|

3t ©@x] 7} sideo] W8} #/2E.t} & Zh(angle)WHS AR-gafofwt st

@ Second order

- First order wave generation ©] % 2 2+ group bound wave’} A& %A &7 uf
o, A&k v TS 9|4 second order effectE ¥3Hst= Zo] & Q3d}
=3

- Second order irregular wave?] A4S 7l Al primary wave component?te]
Ao 28-S 2708 e ste] 3% A, first order methode] Zgehel AA H ),

- Longuet-Higgins and Stewart(1960)2] ©]&¢] Torres-Freyermuth et al.(2010)°]
A e} o] A-gHt

Piston wavemaker

- piston-type wavemaker & % (water column) Aol W3] constant velocity
profiles A /d g+t

- 9] profile equilibrium profile®] t& (37} A& A3 (linear long wave)? 7
5 AY3tal), wavemaket Aol XA E = evanescent modeztil EHE&= YF
7Hd 3k (spurious wave)S AATAI N o] a3 = Hrt A9pEAA A

- A8 7t Az weEl o] AAIZRALS 47FA 9] main caseE 7FAIATE Al E Y
o] 9] first time stepoll A ©A] 2714 €] case® =] =t}

- A WA case(tx)x= wavemaker®] W9} A|ZEe] A AFES AlFstH, ol 7H
AukAQl Ay Auo] Aot o]EZHH wavemaker®d &

)
of AAE uFe} o] first order forward derivative® A4+ S+ it}

_ LXL‘H_XL‘
tiv1 ™t
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oA 71 A, AZHt) = The #Zo]l FoAXTh f, <t ¢, >t

o] ¥&2]2 homogeneous sampling rate’} = Q3s}#] ¢7] W&o A3 Halsh
o o] AyE {5 AlAIEe] o4 o, second case(tv)7} ® T},

Al A Ul HA casew o)A H s Uy, wavemakerd F7tE A7 ] A3
™ 31 % (free suface level) S A A 3t} (txeta, tveta).

RE 849 wavemaker’} o] ¥ feedbacks #l&3h= A2 oby x|k o] W
W ojwl F7FA<Ql 7FA glo] active wave absorptione triggerst 4= UA s+
=3

(3) otk x| 2™ (numerical implementation for wave generation)

2 &% (Numerical implementation)2 RE 3} o] 2o tjs] #Zto} (34
(free surface)o] A& %A &S w piston-type wavemaker 74-¢ 7ol WA &=
A).

Al 7FA B9 cellS 2ol wet cells (3] cell), dry cell (F7] cell, & &
E A o] free surface level kol 9 %]), partial cell (free surface’} cell®]
HA 9@ FHa BAH Alolo] 9A]).

“
AL 59 #F VOF F<=(field “alphal”, o olgt A H)e] H4& x3s}

dHe AHH o2 HASA o “buoyantPressure” BA A& AHE3le] A
laciass

OpenFOAMPO A ©o]&& = Q1= o] 53 §+ local density gradient® -
normal gradientE AAtstH, ol & Fall AAl FH<d WFow qhHo] 23 1
wgkol 0o] H=% A3

total patch area®ll W3l patch®] wet area(7]® face area® 3 x «a;)= patch®]
initial still water depthS =7 3t}

Piston-type wavemaker replication®] 74-%-, %teF free surface”} A& %A %=
W ORE FFo A$dlE constant velocity profilee] A8 W ol&  air
velocity 7} 715 & A& WA 7] A8, 7F celll A velocity$t o, & #3ke] Al

g,
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- Piston-type wavemaker replication®] A}-+3% ™ 1% (free surface elevation)©] A
SHTHA, A7kl digh A3 A Hito] AAJHT

- Piston-type wavemakers A& 32 A9 free surface ZA|2HS 913 2 H 2
AsEAY ASste I o] 2S5 ALEStH, AyH o2 ZF time stepol A, o] =4
a3l =A% free surface levelS active wave absorptions 98 v]nl3dle] <=
REa=g

— HEA}SL7) generation patcholl =€ 3 7hHeAd S gdste] AlEdolAdS FAS A

2 2848 melsok ok

rlo

«“ . ” L 0 -
- “zero gradient”x boundary face value o] ZHOo = _8;] n=0 = 9"y n

i

ArtE #H) B2o 22 Fl(positive

- 54 o] ol24 FH(I o]&d o
w2 7 (negative reflected wave, Z29H 37

reflected wave, 219 379 #=), &
of )l wet, 17 379 Xﬂ/\]?l uke} 2ol A /o] v area’t EA| g

= ol#EA Al 7HA & G fa”, b7, “‘c)H & Alele] F JHY] interfaceE A
st o] 59 3 thao *é‘jég}ti 3 60 8. oFskth

- =5
< -

19 37. Water level in a wave generating patch. "M” stands for measured value,
"T" stands for theoretical value. Three zones (a, b and c¢) and two interfaces are

present in each case.
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6. Overview of the boundary condition values depending on the Zzones

established in ¥ 37.

| M=T || T=M |
(ag] t 2! U
a 0 0 a 0 0
a-b i_;l"’.' =) 0 a-b Q1 palc g ] pgle
In — 1 ]
81 _ ) I ; U
b ar; 0 0 > | Out — f}”' n =10
_ oy . : " In —> ] :
b-c or, 1t = 0 U~ oy cate || B Out, — f{%n =10 L
In — 1 ; [n — 1 ;
c g fi s I { & 4 h E
Out — ZX2n =10 Out — Hi‘,'-ﬂ =1}

- Zone “a’= &7]°l siFstH(a, =0) kA Fi= 0otk

“a’9F “b"e] AAWL casettdl ME g (I Fxi= @A o]24 level o}
oM wt AAE7] wiE), M>T 4 wl, a0 thall zero gradient #< AAdIH, &
= 0. ¥ TOM o wj= 5¥3 ygo] a3 Hn). o] &4 water level?} cell
7rel b4 (intersection) S AlAFSFS] celloll Sl o Eo. T3 cell wet
part®] FATA (centroid)& AlAtetel 1 Ao £xE AL SR T4
(quantities)®] wo=z AAH. ol W& Courant number®t HHEZS 7FA =,

interface®ll 4] spurious air velocity7} A7]1= AS WA 517 §gho|t}

- Zone “b” 9 A] casedll Wl thE. M>T 9 4%, o, zero gradient® A = 1

o= AR 0. T>M 9 W, o2 water flux7} ¢FEold 12 AAH 11
a8 e A= zero gradient® A A =

T ol Egow MAAHT o
3 o)

A4 0.%2)

F'D A

o] 2 WkAlE JZo] Z 49 (o]E] cellol A Aol water droplet
of YetuAl & 4 3l

‘b2 “c"%te] interfaces= ™ol we} water above(M>T)%F (T>M)s 7H4 4
ARk o= WhAbgp wjE2 o, o] 23] Wste & 6(FHF 5 Wi8)ol Al

A wbel ol el whel @Fol Wa glolth A WA cased AY, oS

’

zero gradient®= AR &
zone “a-b’o A9} & WHO

W18 AARD 28x oW zero gradient®= AAE. o] caseoll A &
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HF. OpenFoam (OlaFlow) I}

- 3}9] active absorption= ¢t ¥t A ] i £3x Ao FQ

mpAlE o % zone “c’i 7 caseollAl Zom, o] f2 SAH gty o] &2 #E
o g w7l wiie] Ee dd (e =1). ®FOF 3
face 42 o> 12 AAF L, vtdle] -4l zero gradient
< A 12 AAse Aru kAo, o= “MULES” solver’b 03 1A}e]

%] E-8kal, olek= v solutiono] H.Tth

| BN WEd. FE52 0

ol
1l
o
it
o,
X

2,
T

o
)
B
o
o
O
=
2
k
gt
QL
x
]
N
¥
T
oy
M
(o3

Interface”t cell?} YX|stH cell> A-524 S = interface celle] ®Hth. AwH
interface =77} cell?} ¥ Xx]8}H (e.q. small reflected waves T+ T=M), cell®]
FAERE ol ZRE R, C"mHEYH “a’® olt

Eot oS AREAY] AAC wEl, g U eR AT £ S 3 HA ol
P g3
(centroid)oll 2la) HAE cellS 23t ol& &

face(“a”’-“c”)¢] belonging zoned Z Wake] Hu Ay FHAHE AFE3F] check
=, = face?d TAFREE ALEslo] ArbET o] AAIZALS vertical slice
o] A *3 A ¥ patch® automatic division= A|9. ©o]¥ zone2 wavemaker U 7H
H paddlee] WE ¥ H]=stal, Al AAE TR 23
glo] olegh FAol FAgE HA7E ThestAl sk BEe wAow 33%@. z}
zone Wl cellE2 paddle] FAol 24 x 2 y F
EAME flsl 259 =olE A ke

4
2

A

N
i)
rod

W face by face WHoITh 1E Zze tel An F4

°
ﬁod
e

('
)
fu
o

=3
"
go
2
= |
o

)
=

o

H

Ip

4 (wave absorption)

ok

Jm

5 o
Lot

Prototype scaleoll Al 3= AFA o2 RE Hold 4 gloy FXAFA=
old 4 glow E=ud2 wave basin? flume# ] dimension®] A=A A
Aol Agdow Qe FEAYE 7HE F glvh

ek ol 5 AT AHA v, AP dFS E 7 A

rr

o -
=¥

rob

A}

Qs



(1) 0|2

ol

A outgoing waveE AHA]7]7] §1% A WA HIHLS passive wave absorber

Z A8t ol
o} 710l = dissipative beach, t&4 & & (porous media), t34 ¥(porous plate)
a3l 9F X2 7F4] (artificial numerical damping)”7} 3 3HE U}

Absorption< &8 3HA @A H A &5, & E°], long waver break A 7]
ujol, dissipative beachol A= WHALE W Aypx o=z AA 710 oFslt HiAlg 3}
& "o

T A O &2 passive wave absorber= U3aA vl A (porous media) %=
relaxation zone®. 2 A& 4= Ut}

Passive absorberi= ©]7] OpenFOAMo| 7ft& o] Q1o ™ relaxation zoneg At
& o Tlee Y o F ol Ax AL F99& SUHAIIE= 3" damping

zone2 AAEoF = wWwd ©@HS 7FA|H, o]= large domain¥} prototype

H
IN

o

application®l] 493 &HS {23t

T WA W2 active wave absorption. ©]& Ad 7|72 A NS

o] Al SAE A7](feedback)E 7|RFS.E wavemaker®] =2 Y-& FASIE
AS EYZ incoming wavel] ARWFALE WA|]SFHAA target waveds: A HH O T
Ay gkt

o] Al~glE FARdE Age ¢ o fiFfEe] AA= 1HEHo Jor
2, result wave absorptions 4% velocity profileg 7 Aol F-Isl= o=

Alker 4 9l
Active wave absorption A 28-S 2D, Quasi-3D, 3D¢] Al 7FA 2 Y= = vk

(2) ot g2 2| ™ (numerical implementation)

Pure active wave absorption®] 7&d-& ©@A £%EZ prescribedti= WS Q7

st7] wiitol oA o, AHAAXTL “buoyantPressure” = A3, «

L

& “zeroGradient” & A 3t}
Active wave absorptione 3234 74 Al(wave generation boundary)E X §38l=

oW AANNE e WHOR FAT

H AF 3

- Absorption ©] 29| A4 HE&L AAZS Fo17 59 vertical elements® YT+



AoZ FAE. HAZEe 12 4249 /MEete] ds] %7] A4 (nitial still

water level)o] AALE a1 A A= o]3 Z} time stepoll 4] 7+ paddled] 2 A F¢

(actual water level)7} doj A1l WAL E7F AAbE T

- HAEEE o5 7}

- FAE v faced A @D 28 il full 3D absorption) HE=

91:!1:0

- ’

g ]
ol 41, A 0o® dRH

- Hh 9] A (out-flux)oll = EE cello] AAAE &% gtom AAHE o
]

A3t T3 olF= Hye EWEo] o] patche FHHT =2 o o
H gt HAAES A7) A Foe=E o]AL Fo] “Hdl YFow 35
A A gk dkge] A ol AL SEystA Hoh

Al. OpenFoam (OlaFlow) 2o} A&

(1) RO}/E4 R2HEHH

- FAge] 3E AAdsta FFetedl e oAy gevHE L) E

- o] WA AAZAES constant EU ol 9 X3 dictionary fileol] &3l Aof..

Zb cellvhoh A A a0 gholl (28 e paddles €
T ocelld] o @& F3 ol AAlY ZH7hE air pockete] HIE WA s 9] S|

2 =7} positive(in—flux)e]|®d =¥ (“M”

) &l

- B H o7 AAZRNL waveDictol A AHE £ 9lom o= £=AH 7l

- o] paddlee] @A o2 2o 2H A2 2 dictionary names 74+ n

paddle(Z, directional wave basin)®] =2 LS AT of v Hel s Wyo|r),
patchName
{

type wave(Alpha|Velocity);

waveDictName waveDictName;

value uniform 0[(0 0 0);
¥
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fd
uly
o
3

[©}

=

!
©)
>
=
i

- waveDict Y Ul IEEL orders 7HE F JoH, &
A3 mpHA R /S ARE
Alek 4 Stk

- dqdA xXe F7F o] x3tE T UAIRE o5 I AA Fe

- od7lel= 2 7FA 9] gho] HQasty, o]Eo] AHoH XA oW runtimedl self-expl
anatory error’} wHAJ St}

- ©]= non-physical value(o]E £ negative wave height)ol| 4] %= v}z71A] <.

- AoHA 2 gerE = &gkl 488

- %55 937 el dictionaryol] EE stEn| g7} A =
o, o]= o] o= WAl yEgke] WAL AL e A2dE AH

& 3 sE Aotk

- old stebrleel e ghe dAsE A4 FugrE 2 A2 AAH
o},
waveType
- A WA AEH = waved] typeolth. o714 AREARE v T StUE s
& stk
* regular (R) - solitary (S)
* iregular (I) * wavemaker (W)
- ZEete] FAE ©A o] FeAe] IH%‘—%LE% A,

irregular wave caset™ YA Stokes I I} A&

% (custom-made) wavemaker constant velocity profiles #}3
- ole AAzAY BB Aolshe F A, arnsdA P

I~
T A

waveTheory - (RIS || W)
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- o] FetvH = A E = 39 types Aol AFEAE 7]E tools ©]-&351o], case
o] 54 duHE 7Nt R oWl gks ARESR] AlFshAl AAgs|of shr
- Irregular wave type? 79+ Stokes Io] A} ¥ 22 waveTheory:= 74 A

897 e e TE o2 AL A TAR 5 9

(R)
- kA Avsl wpe} o] FRI FFolEL Sy At
- Stokesl * cnoidal
- StokesIl
- StokesV * streamFunction
(s)
- Solitary wave®] A2 th39 3+ o] &1 AlFHT
* Boussinesq
- AEE o]BY Frhe S AWt 71 loopel BHE else if loopE F7}e}
HoEeg g of#lx o
w)
- wavemaker®] ¢ A¥EHE 28 ug, oy tE FAS AL 4+ Ut
tx * txeta
tv * tveta
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ol BFE AAF(lEWY )& X8, paddle displacement(x), paddle
velocity(v), paddleol| 4] free surface elevation(eta) & A& %= Ao wig} &
F¥ M, o]5& Bt} #HF3 wave absorptiong & &3t}

- A A AAHYH, Aoz AAFXH AFEEHW waveTheory”’F tveta® Hb

AA 2 Ao, MAAES F43517] 98 ve) eta(F %, o] o AREsHA] &
& )¢ A waveTheoryOrigetir W H F714 ¢l &-%o] dictionary fileol
A E

Wave Parameters

- oA FE AAE o AR, zhzte] o o)l g w2 et geolehsr
23 vEn g E E3slE subsection ©]Th.

(R)

* waveHeight in meters * wavePhase in radians

* wavePeriod in seconds * waveDir in degrees
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waveDir

+B

Y <

13 38. Angular reference system

- waveHeight$} wavePeriod”} Z Q3}H, 7ok wavePhase’} Fo]A#] =14,
3n/27F 7B g7 A LA waveDirs o] iyl WO 7 degree® =4 HH
X Fo02 0°%Y o= 90°)H (24 38); 7I&#k2 0 °]th

’

- o] AA IEgnEHEL RE o|Ed AL 7153A W streamfunctionS Fenton

]
program & 258 FojA = F7bHQl vy 22 JEE 2%

* wavelength in meters
* uMean in m/s (mean fluid speed in the frame of the wave)
* Bj (nondimensional)

* Ej (nondimensional)

- Solution.txtol A|F=HE AH}ELS ZF Fadold, wetA] vE welo] S
A7l Yl E L g FA(h)o] Ha Aok dh},

- FAEHA, 39 frameoll Al mean fluid speedE AALE7] Yafjds= Fold Fhol
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Voh b T3l Aok 3 Bjol Eje Fold gS A&l

- 7 WA time stepoll Al AAIZ WFTE Afold ©& A7]9] Fheo] BAIE. =
o]z o] & we} AAE wavelLength®t 3 WA time stepoll A AE o2 AALE
+ waterDepth7} A €.

- waterDepth+= ¥ 2]9] g(ORY o= HAT 4 9lor o] 2 absorption®]

Be RALE Aol o] §EE Fo gt

=
y T

@

* waveHeights in meters * waveDirs in degrees
* wavePeriods in seconds

* wavePhases in radians * secondOrder (bool)

- oAy o|F& X uF o] T AERZM(scalarList type) ©ole] Eo “s"7F &
o] Aol F9. oo &= o] EF7F HQst F714 92 secondOrder (bool)

2 second order wave generation®] ZA3E == HAAE 4= i}

(S

- Solitary wave+= regular typeo] ™3} limit case® & 4 Ut}

* waveHeight in meters

* waveDir in degrees

w)

- Piston-type wavemaker velocity profiles HE3F waveTypeo] wWet 2 T== 370
special series’} 2831, o]& F dh= AAY timeSeries ©|t}.
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- timeSeries in seconds
* paddlePosition in meters
* paddleVelodty in m/s

* paddleEta in meters (free surface at the paddle)

- Q3% A2 timeSeriesi= T X AIZE Alojo] Fro] AP Ao HIEHER

53 sampling rateE A3d a7t o= Holt),

N

7} 0.2 tuningFactorgbal E8+= F7F4<Ql WE7E o] wave typeoll ==

A=
d == 238 Ay (expected laboratory results)®t ¥ X A]7]+= tuning factor

o188 & Ag. olF EFFE olfrt A AAE HolA @] MR

=
T A AL 9 AFEHILE(free surface elevation)”} =3l Z factore]
L&
=

T X L
calibration factor’7} 223t 4= Q7] uwto] o]z 9] 7]E g2 10|t}
(RITIISIIW)

- ol BT H&d & 9= AL nPaddlesel ™, patch?} a9 vertical sliced]
(integer) 7l 5~o]t}.

- o] HEluE = absorption¥} directional wave generation®] =23 &S 3§}
M 7] 1 otk

- A patche= NE 4 element=X & 2F3tt},

- 24749 paddle 52 1 TAFRZ HoyH7] witol, WIFAHS Hgst
3 2D theoryE AF&3le] 3D WAoo 2 FAlo absorbdl”’] YafldE 83 49
paddlee] & 3}t}.

- Rule of thumbeol W&} paddle & 5 vertical column cell& Z¥= Zo] &34 o]
t}.

- nPaddles+= cell®] vertical column®] F=xt} @o] WojuH, 714 A2 %=9 round
off ell&el 7]1g . F7F A = Flojr},

- wuRE AAdA B FEge 9ES 47 feiAe 2712ds FshA
(tapered)afjoF & w7} U

ol
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Wave

o] AL AlEdY o]l AlZHo A generation patch Aol B o u&-3 g

S 7Fd 4 9 irregular sea state B+ directional wave?] 7490l Z gt}
ol AL Hafl, Alzto] A AbgkA]= tSmooth(smoothing time, in seconds)”}

o°
A Rom, AFrHILESL 55 o] factore] oJ@ Fal|AH t=0ZA 0F
t=tSmoothZoll A 1= M&FH o= W33 tSmoothe] 7] &2 -1°1H, o|+=
|HA Fes o g

Absorption

Wave absorption& boolean variabledl] ¢]J& Aol ®. genAbs. ©] Zko] Frolw
wave generation¥} active wave absorption®] &7 WAsla whte] H$ A4
of B, 7[EAoEE AR HAAH JYARE, T =y Apo]o] &
FA-F=9 Eirdo] 7)1 mean water level?] Z=7FE whr] &) AAY A
Ast= As FH et

nPaddlesi= F=3F dviy} e 59Xl absorption zone®] EAs=A5 A o3}
Ho1Rt 2 Y w Bt e 3D absorptiong & 83 ol 2o jrFo]

|

Quasi-3D absorptione absDirel]l R A&%w7F 282 WS HAste] 283 =
S, W3S waveDiro| A ¢} & whHo| Wit degree® Fol A oF & WES ©
o] WSS 7FEACk g, 28R o ol &Rglal BAAA o] #.
oF Zro] 360K.th AA FolXthd, AAZXS paddled] A< HEFs M9t
1310] 712 A -&gkolt.

i Aol Zad e gdovE = 2% 399 f°k¥o] 5. ZHlA A E
FAd o] doj= mEbr ol 4 (rounded) gAY wolE A ECIT
(circle) el W (wavemaker type®l 7d-F-olA)= WheF waveTheoryel ©]® i
Akdol E3FE o v, I 59 Fepr gt Hags yEdth

o
(o
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waveType

regular ) irregular | | solitary |} wavemaker |

waveTheory

Y
e T
I/llBuussm esq )

'\Stokes_l} -.’é‘;tokesﬂj '@tokes@

( t)-c:) ktxeta}

{CW;‘ f:str'ea mFunct Dr;\' :r:_ tv :;l (tviajl
+ / Y
E ‘waveHeight| |waveLength‘ ( }-c::
E ‘wavePeriGd| | uMean ‘ i I‘\(i-,"
% ‘ wavePhase | | Bj ‘ ,:E@
= ‘ waveDir | | Ej ‘ ‘ secondOrder | ‘ waveDir |
+
| nPaddles | | tsmooth | | genAbs || absDir |

19 39. Wave generation and absorption parameters

(2) Active &= (absorption)
- Active wave absorption®] 24L& AAZA(F, U fileg o]&3ho A Aoj% 7]
uf ol H = 9] dictionary fileS Q=2 314 E+=
- HAQ3% WMFEL absorption? typeol wet gobd, 7| E HE gEnHE &
T3l= full 3D theoryS A v 3k},
- nPaddles= ©o]v] Aw 3 A=, absorptiong 93 /i Q459 & 7ot}
- nEdgeMin¥} nEdgeMax+e ©#] 298 F5(3%0] #A|AlE w

o= HFd F e HA/HAW FA(min/max extreme)oll A paddle®] olth.

-

o zo] MG

=

- Min extreme< 9HoF patch®] AX=AY &4 X #FFo HA23HS udsta, vt
e A2t Y #FrY Haigkel ae . whek, glo] AoH X FUTHAE, ol E

HA g EL 0 e AMREEE BE paddle5 S AAAom =2ty
- 2D absorption theory(3D Z=w|lol] A& A f-ol%)e sd3 Fr|HE AL

& 5. WoF Quasi-3DE @43 3fefof il FrEAQl et HE Ao s of

at

of

Lo
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Tk g absorptionDir® ol RALEE7F HEE s Zdrolw(ay 38 Fx), Zu

A9 EHS Fih

(3) £5 (=1} 2H 5 E3)

A.1 Boundary conditions
- AAZAY ZF Ao AFES typeo] 3 reference guide: TSI e Wi
0

o] 49 field valuex= 022 AAH. 0°] floating point errors 2 uwj+=

—

b

alof] o} 22 Zhs AFS. wheF AFo] X AEjo A Al FSOE o] ks A}
g3l A g Y

- alphal %+ p_rgh field9
Z7] el olgld gte 7HA
o2 FH7] wol A AdIE
& ParaView7} t=04 # @S EdEol= s Hoh B H o R whEo] FH
O8] o (FEo] WAt H) Skip Zero Time options Eelafjopwt o 4=

= 908, zeroGradient typeS field valueE Z Q& 311 =t}

alphal [0 0 0]
Inlet:
type waveAlpha ;
waveDictName waveDict ;

value uniform O;
Outlet & Wall:

type zeroGradient ;
Open:

type inletOutlet ;

inletValue uniform 0;

value uniform 0;

p rgh [1 -1 2]
Inlet & Outlet & Wall:
type buoyantPressure ;

value uniform 0;
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Open:

type totalPressure ;
p0O uniform 0;
U U;
phi phi;
rho rho;
psi none ;
gamma 1;
value uniform 0;
U 01 -1]
Inlet:
type waveVelocity ;
waveDictName waveDict ;
value uniform (0 0 0);
Outlet:
type 2DWaveAbsorptionVelocity ;
absorptionDir 600.0;
nPaddles 1;
nEdgeMin 0;
nEdgeMax 0;
value uniform (0 0 0);
Outlet:
type 3DWaveAbsorptionVelocity ;
nPaddles 10;
nEdgeMin 0;
nEdgeMax 0;
value uniform (0 0 0);
Open:
type pressurelnletOutletVelocity ;
value uniform (0 0 0);
Wall:
type fixedValue ;
value uniform (0 0 0);
k [0 2 -2]
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Inlet & Outlet:

type zeroGradient ;
Open:

type inletOutlet ;

inletValue uniform 0.0001;

value uniform 0.0001;
Wall:

type kgRWallFunction ;

value uniform 0.0001;

epsilon [0 2 -3]
Inlet & Outlet:

type zeroGradient ;

Open:
type inletOutlet ;
inletValue uniform 0.0001;
value uniform 0.0001;

Wall:
type epsilonWallFunction ;
value uniform 0.0001;

omega [0 0 -1]
Inlet & Outlet:

type zeroGradient ;
Open:
type inletOutlet ;
inletValue uniform 0.0001;
value uniform 0.0001;
Wall:
type omegaWallFunction ;
value uniform 0.0001;
nut [0 2 -1]
Inlet & Outlet:
type calculated ;
value uniform 0;
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Open:

Wall:

type
value

type
value

A.2 waveDict

- o] AA I} active wave absorption 4 A FH o] ALE

Eo} s ez 249

o)

(Ea

calculated ;

uniform 0;

nutWallFunction ;

uniform O0;

A% 7)%gke] A}

- o] BEo|Ax= 7 wave type(regular, irregular, solitary, wavemaker)ol

U E= 1 ol U E dictionaryE A sk

Regular
Cnoidal

Streamfunction:

waves:
waveType
waveTheory
genAbs
absDir
nPaddles
waveHeight
wavePeriod
waveDir

wavePhase

waveType
waveTheory
genAbs
absDir
nPaddles
waveHeight
wavePeriod

wavelLength

regular ;

cnoidal ;

1;
0.0;

1;

0.45;

3;

0.0;

4.711238398;

regular ;

streamFunction ;

1;
0.0;

1;

0.45;

3.0;

9.088;
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Irregular

uMean 3.102;

waveDir 0.0;
wavePhase 4.71238898;
Bj

10

(

2.82859350414499 e -01
5.47232613923276 e —02
9.82759610783782 e -03
1.31281446426603 e -03
6.95356271507966 e -05
1.91627990758790 e -05
4.67599434610103 e —06
5.68266097588630 e —07
6.71785159064360 e —07
2.03467109942793 e -07

);

Ej

10

(

1.90754959626264 e -01
7.54514668971716 e -02
2.80425743606401 e -02
1.11437276888261 e -02
4.79770599639068 e —03
2.20447766999100 e -03
1.07033607929517 e -03
5.57098975071516 e - 04
3.34423937410174 e -04
2.71836376724167 e -04

);

waveType irregular ;
genAbs 1;
absDir 0.0;
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Solitary

Wavemaker

nPaddles
waveHeights
3(

0.000001
0.000001
0.000002);
wavePeriods
3(

6.215700
2.207500
10.08560);
wavePhases
3(

6.031400
0.448110
4.733100);
waveDirs
30 )

waveType
waveTheory
genAbs
absDir
nPaddles
waveHeight

waveDir

waveType
waveTheory
genAbs
absDir
nPaddles
timeSeries
2( 0 100 );

0.0;

0.0

solitary ;
Boussinesq ;
0;

1;
0.15;
0.0;

wavemaker ;
tveta ;
1;

1;

- 101 -



paddleVelocity
2022 )
paddleEta
2000 )

A.3 OpenFoam ¥HE&43
- HElFa o Ao+ decomposeParDict 34 S E3f ¢

w3 22 Wle] AlsEn

o
i
h:
ok
Ul
oty
ol
T
flo
ul

hierarchical
manual
metis
multilevel
none

scotch
simple

structured

HL& A subdomains/cores® F%FS & -3}™, processor boundary® <
= Hag) siFs Weltt ¥EstE 913 decomposition methodol] thEk H.T
ZA g W82 $WM_PROJECT_DIR/src/parallel/decompose/ €] source code
of AIAE]
- decomposeParDictE 3 &HE HAS WHLS decomposePar FEE EE A&
sto] A-8%. decomposePar FEEEE A&t 3 Zo o o5 17
4

72+o] processor0~47FA] (subdomain®©] 491 A-%)9 Z4G 7} A& AAHT
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—

E O.org

E constant
E processorQ
E processorl
E processor2
E processor3

E system

e
o
i,
(=2
i
o
1o,
ol
olf
2
fr
ok
i)
B
Ogl:,“

- decomposePar T2 HEE T3 =29l

2 AN

$> mpirun -np 4 olaFlow —parallel

o
&
&)
)
=
ok
(S
re
r)«
o
)
flo
i
dlo
=
N
N,
=

$> blockMesh

$> checkMesh

$> setFields

$> decomposePar

$> mpirun - np 4 renumberMesh - overwrite - parallel
$> mpirun - np 4 olaFlow - parallel

$> reconstrucPar

$> paraFoam T+ paraFoam -builtin
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@ run_plot.py
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## run_plot.py

import os

## postProcess

os.system(’postProcess —func sampleDict’)

# postSensVOF
os.system(’'python3 postSensVOF.py’)

## plotSensVOF
os.system(’'python3 plotSensVOF.py’)

@ sampleDict

- sampleDict= OpenFOAMS] A7t =242
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$ postProcess - func sampleDict
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sampleDict 392 system EZtuUle] 91Xt Lo Guageel &7 HAA
H, FEotaAeks fieldd s #7gste] At}

sampleDictE 33 postProcessing/sampleDict ZUT 7} A5 o2 A1 A
AE EC e AAYE AR7F AdETh

S 1988 smpleDicte] ol 2 setFormat¥} surfaceFormate raw®d 2] © =2 inter

polationScheme2 cellPoint® A A3} GaugeVOF01, GaugeVOF02, GaugeVOF

03] Al X HeA ARE FEFES 3 Zlo|t}
- Y Y& F axist FE FAHe TAHE AAHsE Aol starte end= FE
A ZE QA 9} TR IAE dHetE Faolt
[ = Gt =k e %
========= | |
|\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \ / O peration | Version: 5 |
| \/ And | Web: www.OpenFOAM.com |
| \ M anipulation | |
R e e #/
FoamFile
{
version 2.0
format ascii;
class dictionary;
location system;
object sampleDict;
}

type sets;

libs ('libsampling.so’);
setFormat raw;
surfaceFormat raw;
interpolationScheme cellPoint;

sets
(
GaugeVOF01
{
type midPointAndFace;
axis Xyz;
start  (560.0 0.0 -26.0);
end (560.0 0.0 20.0);
}
GaugeVOF02
{

type midPointAndFace;
axis XyZ;

- 105 -



start (0.0 0.0 -26.0);
end (0.0 0.0 20.0);
}
GaugeVOF03
{
type midPointAndFace;
axis Xyz;
start  (930.0 0.0 -26.0);
end (930.0 0.0 20.0);
}
);
surfaces 0;
fields (

alpha.water

);

@ postSensVOF.py

2AHE, VOF7I¥& A E3te] ALtd

sampleDictE F3ste] AlLbE HARE o] &3ste] ZF gauge el FHE AAts=

&

BRE wEor 7k X9 F95 A4t

&, 38 Al GaugesVOF &£U7} Abgo® A E L ALd A AL A%

1. zagee] yge e 2

#1/usr/bin/python

import 0s

pathname = os.path.abspath(’.”)
savePath = os.path.join(pathname,’gaugesVOF')
if not os.path.isdir(savePath):

os.makedirs(savePath)

postPath = os.path.join(pathname, postProcessing’)
if os.path.isdir(postPath):

# postPath = 'postProcessing/sets’
postPath = 'postProcessing/sampleDict’
else:
postPath = ’sets’

# List of time dirs in order

a = os.listdir(’./’ +postPath)
#a.sort(lambda a,b: cmp(float(a), float(b)))
a.sort(key=lambda a: float(a))
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# Get number of sensors
dirl = os.path.join(pathname,postPath,alint(len(a)/2.0)])
b = os.listdir(dirl)
nSens = 0
index = []
for i in range(len(b)):

testl = blil.find('VOF’) + 1

test2 = bli].find("alpha’) + 1

if testl and test2:

index.append(i)

nSens += 1

first = True

for i in range(nSens):
# Create files to write
fileName = blindex[i]1[0:blindex[i]].find("_")]
fileW = open(os.path.join(savePath,fileName), 'w')
print (‘Sensor ' + '%i’ % int(i+1) + ' of ' + '%i’ % nSens + ".")

# Read files time by time
for j in range(len(a)):

directory = os.path.join(pathname,postPath,alj])

try:

fileR = open(os.path.join(directory,blindex[ill), 'r’)
except:

print (WARNING - File not present: ' + os.path.join(directory,blindex[il]))
else:

data = fileR.read()

fileR.close()

data = data.split("\n’)

if first: # First time step
coord = j

first = False

x =[]
y =1
z =]
alpha = []

# X y z alphal calculation
for k in range(len(data)-1):
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datalk]

line.split("\t")

# x = float(line[0]) # y = float(line[1])

# 7z = float(line[2]) # pres = float(line[3])

line

line

z.append(float(line[2]))
alpha.append(float(line[3]))

if j == coord: # First time step
# Create coordinate files
fileWXYZ = open(os.path.join(savePath,fileName + 'xy’), 'w')
fileWXYZ.write( line[0] + line[1] )
fileWXYZ.close()

# Integrate in Z
wLevel = z[0]
for k in range(len(z)-1):
wLevel = wLevel + alphalk]#(z[k+1]-z[k])

# Write to file
time = aljl
fileW.write(time + ' ' + '%.6f" % wLevel + "\n’)

fileW.close()

print ('Done’)

@ plotSensVOF.py
- postSensVOF.py 2~ HEZS o] &3}
/GaugesVOF Z£9 W9 A&4dxE
o] W& v 2

#!/usr/bin/python

import 0s

from pylab import *

pathname = os.path.abspath(’.”)
readPath = os.path.join(pathname,’ gaugesVOF’)
a = os.listdir(readPath)
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# Sorting
remove = []
for i in range(len(a)):
if (alilrfind(’.”)+1): # Includes point
remove.append(i)
remove.reverse()
for i in remove:
a.pop(i)
#a.sort(lambda a,b: cmp(int(a.split('F")[1]), float(b.split('F’)[1])))
a.sort(key=lambda a: a.split('F")[1])
# Plot
index = 0
indexFig = 0
for gauge in a:
index = index + 1
if index >= 4 or index ==
index = 1
indexFig = indexFig + 1

figure(num=indexFig)

subplots_adjust(hspace=1)

fileR = open(os.path.join(readPath,gauge), 'r’)

data = fileR.read()

fileR.close()

data = data.split("\n")

x =[]

y =1

for i in range(len(data)-1):
line = datalil
line = line.split(’ )
x.append(float(line[0]))
y.append(float(line[1]))

subplot(3,1,index)
plot(x,y)

xlabel('t (s)’)
ylabel('$h + \eta$ (m)’)
title(gauge)

show()
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® plotSensVector.py
- foamToVTKE 2 &ste] AAE VIK 3dE o] 839 vectors: 7HA 88t ~
AP EH plotSensVector.py 22 HES] Y& v} 7t}

#! /usr/bin/python

import vtk
from numpy import zeros
import matplotlib.pyplot as plt

import numpy as np

def data_read(filename):
print('- Data Read’)
a=vtk.vtkDataSetReader()
a.SetFileName(filename)
a.ReadAllScalarsOn()
a.ReadAllVectorsOn()
a.Update()
datas=a.GetOutput()
d = datas.GetPointData()
array = d.GetArray('U’)
wtlvl = d.GetArray(’alpha.water’)
size = array.GetNumberOfTuples()

comp = array.GetNumberOfComponents()

return(datas, d, array, wtlvl, size, comp)

def xyz_out(datas):
print(’ > xyz Read’)
points1l=datas.GetPoints()
nptsl = pointsl.GetNumberOfPoints()
x1 = zeros(nptsl)
vl = zeros(nptsl)
z1 = zeros(nptsl)
for i in range(nptsl):
pt = pointsl.GetPoint(i)
x1[i] = pt[0]
y1[il = pt[1]
zI1[i] = ptl2]

return(nptsl, x1, y1, z1)
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def uw_out(array):
print(’ > U, alpha.water Read’)
nvlsl = array.GetNumberOfTuples()
nwlsl=wtlvl.GetNumberOf Tuples()
uxl = zeros(nvlsl)
uyl = zeros(nvlsl)

zeros(nvlsl)

uzl

wll = zeros(nwlsl)

for 1 in range(0, nvlsl):
U = array.GetTuple(i)
ux1[i] = U[0]
uylli] = U[1]
uzl[i] = U[2]

for i in range(0, nwlsl):
W = wtlvl.GetTuple(i)
wll[i] = WI[0]

return(nvlsl, nwlsl, uxl, uyl, uzl, wll)

def sep_airwater(nptsl,nwlslnvlsl, x1, y1, z1, uxl, uyl, uzl, wll):
xx = zeros(nptsl)
zz = zeros(nptsl)
wl = zeros(nwlsl)
uxx = zeros(nvlsl)
uzz = zeros(nvlsl)
for i, j in enumerate(zip(x1,z1,wll,ux1,uzl)):
if j[2] == 1.0
xx[i]=j[0]
zz[i]=j[1]
wllil=j[2]
uxx[i]=j[3]
uzz[il=j[4]
else:
xx[i]=j[0]
zz[i]=j[1]
wllil=j[2]
uxx[i]=None

uzz[i]=None

return(xx, zz, wl, uxx, uzz)

def plot(xx, zz, uxx, uzz):
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print(’- Plot’)

plt.figure()

Q = plt.quiver(xx[::1000], zz[::1000], uxx[::1000], uzz[::1000], units="width’, scale=50)
gk = plt.quiverkey(Q, 0.9, 0.9, 1, r'$2 \fracim}{s}$’, labelpos="E’, coordinates='figure’)
plt.xlim(0, 930)

plt.ylim(-26, 20)

plt.show()

print(’- Done’)

if _name__ in '__main__":
# vtkfile path
filename="'/home/shkim/OpenFOAM/olaFlow/test/LES_case/VTK/LES_case_118.vtk’
# vtkfile read
datas, d, array, wtlvl, size, comp = data_read(filename)
# xyz coordinate
nptsl, x1, v1, z1 = xyz_out(datas)
# u, v, alpha.water read
nvlsl, nwlsl, uxl, uyl, uzl, wll = uw_out(array)
# seperate air / water
XX, zz, Wl, uxx, uzz = sep_airwater(nptsl,nwlslnvlsl, x1, y1, z1, \
uxl, uyl, uzl, wil)
# vecter plot

plot(xx, zz, uxx, uzz)
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@ 7113} o
- 2AYHES A3 A e 2

Open ~ &

GaugeVOFOL-alphawater.xy
~/EpenFOAMjoFlow est/LES -casefpast

| save

[ 1

560
560
560

< 2 ‘1 test ‘ LES ‘case

postProcessing. | ‘sampleDict | 0 | » Q|| = ‘:‘ - o x

| Name Size Madified

@ Recent
@ Home a.water.xy
[ Documents | | GaugeVOFO2_alpha.water.xy 21548 11056
e | Gaugevoro3_alpha.waterxy e e
Jd Music

[ Pictures
 Videos

Trash

=]

B thinclient.drives &
B hyunon1921. &

+ Other Locations

“GaugeVOFO1 alpha water xy” selected (11.4 kB)

-2
6.77626e-19
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525¢-18
1.35525e-18

1.35525e-18
1.35525e-18
1.35525¢-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525e-18
1.35525¢-18
1

1.35525e-18
1.35525¢-18
1.35525e-18
1.35525e-18
1.35525¢-18
1.35525e-18
1.35525e-18

1
-25.
-25.
-25.
=25
-25.
-25
-25
-24
-24.
-24.
-24.
-24.
-24.

mNWRON®RO HNDO®O

~
@
G
e e e e e e e T S

Ln 15, Col 34 -

< | > || 4| Openroam | olsFlow | test | LES_case | gaugesVOF | » | a =|l=] = = x
O fecwin | Name > Size Modified
@ Home
[ Documents | | GaugeVOFOLxy 16 bytes 1107
¥ Downloads | | Gaugevoroz 267 bytes 11:07
43 Music

|| Gaugevoro2.xy 24 bytes 11507
1 Pictures

| | GaugevoFo3 267 bytes 11:07
 Videos .
@ Trash | | GaugeVOFO3.xy 16 bytes 11:07

M thinclientdrives &
& hyunonls2l. &

+ Other Locations

“GaugeVOF01" selected (267 bytes)

GaugeVOFO1

~[0penFOAMIolaFlow RestLES. case/gaug..

Plain Text v  Tab Width: 8 v

Ln 19, Col 13 -

19 42, postSensVOF.py 23} 349
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# € > +QF ¥

B <DIR=
B <DIR>
— ] <DIR=
R <DIR=
B <DIR>
B s <DIR>
=pRd <DIR>
— [ <DIR=>

a9 45, OpenFOAM =8 &9 H% 4|

- A4E 2 Bl 24 A% VOF, #%, 49 $9 29485k A0 o

A9 fdeEe daste] Axe) FARES olet.
$ postProcess - func writeCellCentres
- writeCellCentres& 233t Ztiule] C, Cx, Cy, Cz 59 FHEAHRT} A=,
olF C 3o &2 tha3
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\*_____________

FoamFile
version
format
class
location
object

//t***t*

- ———— ———— R e T L Y
| |

ield | OpenFOAM: The Open Source CFD Toolbox |

peration | Version: 5.x

nd | Web: www.OpenFOAM.arg |

anipulation | |

e o e e R e e S e

2.0;

ascii;

volVectorField;

"constant";
¢

;k'kt*;k'kt*;k*t***t***t***t***t***t/’/

dimensions [B18 8 9688]:

internalField nonuniform List<vector>

lo81000

(

(-9.9 0.01 -25.9)

(-9.7 ©.01 -25.9)

(-9.5 0.01 -25.9)

(-9.3 0.01 -25.9)

(-9.1 0.01 -25.9)

(-8.9 ©.01 -25.9)

(-8.7 8.081 -25.9)

(-8.5 0.01 -25.9)

(-8.3 0.01 -25.9)

(-8.1 ©.081 -25.9)

a9 46, FAFRE 29 4

@ OpenFOAM A3} 2]
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do] o FANE AHEst7] fleiA e 74 EUEE 458 AdE
o]l Iosln= ol $l3 XE wdZa NS s

- Wz aRe nf ZHZ el U, alpha.water, porisity g X 9}
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a9 47, A% A5 4
- FAUZEaR] NES et 2.

program convertopenfoam

implicit none

type OF_CVT

integer ik, stat

integer I X,y,z,notime,fnotime
integer 11 XNo,yno,zno

integer o iwskip

real 1 stime,dtime,ftime,dx,dy,dz

character(len=100),dimension(:),allocatable :: flnl,fln2,fIn3
character(len=100) :: fIn4,fIn5,dirl,dir2

character(len=1) ! idx1,idx2,idx
real,dimension(:,:,)), allocatable :: Xpos,ypos,zpos
real,dimension(:,:,:),  allocatable :: xnod,ynod,znod
real,dimension(:,:,:),  allocatable :: velu,velv,velw
real,dimension(:,:), allocatable :: wlevel
real(8),dimension(:), allocatable :: foltime
real,dimension(:,:,:),  allocatable :: alphaw

integer,dimension(:,;,:),  allocatable :: poridx

real,dimension(:,:), allocatable :: wdepth
end type OF_CVT
type(OF_CVT),pointer :: Me
allocate(Me)
! ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Me%xno = 4700 ! x grid no
Me%yno = 1 Iy grid no
Me%zno = 230 ! z grid no
Me%stime = 0.0 | start time
Me%ftime = 120.0 ! end time
Me%dtime = 0.1 ! printed delta T
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Me%notime = Me%ftime/Me%dtime
Me%fnotime = Me%notime + 1

Me%idx1 ='(

Me%idx2 =)

Me%iwskip = 1 | for writing interval
Me%dx = 0.2D0

Me%dy = 0.2D0

Me%dz = 0.2D0

write(*,%)'Start Time = ' Me%stime,’End Time = ' Me%ftime

write(*,%)'Rsults Time = ' Me%dtime,' Total No. = ' Me%notime
call convertstep
contains
subroutine convertstep
call mkpath
call readnodepoints
call readcellpoints
call readporosityidx
call readwriteresults
end subroutine convertstep

subroutine mkpath

integer :: ictime

allocate(Me%foltime(Me%fnotime))
allocate(Me%flnl(Me%fnotime))
allocate(Me%fln2(Me%fnotime))
allocate(Me%fIn3(Me%fnotime))
Me%foltime(1) = 0
write(Me%dirl1,” ("./0/")")
Me%fln1(1) = trim(Me%dirl)//’ alpha.water’
Me%fln2(1) = trim(Me%dirl)//'C’
Me%fln3(1) = trim(Me%dirl)//'U’
do 1 = 2,Me%fnotime
Me%foltime(i) = Me%foltime(i-1)+Me%dtime
ctime = int(Me%foltime(i))
if (mod(Me%foltime(i),float(ctime)) < 0.00001)then
if (Me%foltime(i) < 10)then
write(Me%dirl,’(”./”i1.0,”/")") int(Me%foltime(i))
elseif(Me%foltime(i) < 100)then
write(Me%dirl, ("./”i2.0,”/")") int(Me%foltime(i))
elseif(Me%foltime(i) < 1000)then
write(Me%dirl,’("./”i3.0,”/")") int(Me%foltime(i))
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endif
else
if (Me%foltime(i) < 10)then
write(Me%dirl,’ ("./” £3.1,"/")") Me%foltime(i)
elseif(Me%foltime(i) < 100)then
write(Me%dirl,’("./” f4.1,”/")") Me%foltime(i)
elseif(Me%foltime(i) < 1000)then
write(Me%dirl,’("./” £5.1,”/")") Me%foltime(i)
endif
endif
Me%fln1(i) = trim(Me%dirl)//’alpha.water’
Me%fIn2() = trim(Me%dirl)//’C’
Me%fIn3@) = trim(Me%dirl)//" U’
Me%flnd = './constant/polyMesh/points’
Me%fIn5 = './0/porositylndex’
write(*,’(a,1x,f5.1,1x,a)’) 'open file’ Me%foltime(i), sec’
write(x,*) trim(Me%flnl(i))
write(*,*) trim(Me%fln2(i))
write(,*) trim(Me%fln3(i))
write(*,*) trim(Me%fln4)
enddo
end subroutine mkpath

subroutine readnodepoints

integer 1,3,k stat,skip
integer o Istrmstr,rstr
character(len=1) ' idx

character(len=20) :: lidx,midx,ridx

write(*,*) "reading node position”
open(10, file=trim(Me%fln4) status="old’)

skip = 0

do
read(10,’(a)’) idx
skip = skip + 1
if(trim(idx) == trim(Me%idx1))then
exit
endif
enddo
rewind(10)
do k = 1,skip
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read(10,*)
enddo
allocate(Me%xnod(Me%xno+1,Me%yno+1,Me%zno+1))
allocate(Me%ynod(Me%xno+1,Me%yno+1,Me%zno+1))
allocate(Me%znod(Me%xno+1,Me%yno+1,Me%zno+1))
do k = 1,Me%zno+1
do j = 1,Me%yno+1
do i = 1,Me%xno+1
read(10,*)lidx,midx,ridx
Istr = len_trim(lidx)
mstr = len_trim(midx)
rstr = len_trim(ridx)
read(lidx(2:1str), *) Me%xnod(i,j,k)
read(midx(1:mstr), *) Me%ynod(i,j,k)
read(ridx(1:rstr-1),*) Me%znod(i,j k)
enddo
enddo
enddo
close(10)
end subroutine readnodepoints

subroutine readcellpoints

integer 1 1,j,k,stat,skip
integer 2 Istrmstr,rstr
character(len=1) :: idx

character(len=20) : lidx,midx,ridx

write(*,*) "reading cell center position”
open(10,file=trim(Me%fln2(1)),status="old’)

skip = 0

do
read(10,'(a)") idx
skip = skip + 1
if(trim(idx) == trim(Me%idx1))then
exit
endif
enddo
rewind(10)
do k = 1,skip
read(10,*)
enddo
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allocate(Me%xpos(Me%xno,Me%yno,Me%zno))
allocate(Me%ypos(Me%xno,Me%yno,Me%zno))
allocate(Me%zpos(Me%xno,Me%yno,Me%zno))
do k = 1,Me%zno
do j = 1,Me%yno
do i = 1,Me%xno
read(10,*)lidx,midx, ridx
Istr = len_trim(lidx)
mstr = len_trim(midx)
rstr = len_trim(ridx)
read(lidx(2:1str), *) Me%xpos(i,j,k)
read(midx(1:mstr), *) Me%ypos(i,j,k)
read(ridx(1:rstr-1),%) Me%zpos(i,j,k)
enddo
enddo
enddo
close(10)
end subroutine readcellpoints

subroutine readporosityidx

integer U 1,),k,m,stat,skip
integer i Istr,mstr,rstr
character(len=1) :: idx

character(len=20) :: lidx,midx,ridx

write(x,'(a,f10.2)") "porosity index”
allocate(Me%poridx(Me%xno,Me%yno,Me%zno))
open(10,file=trim(Me%fIn5),status="old")

skip = 0

do
read(10,"(a)") idx
skip = skip + 1
if(trim(idx) == trim(Me%idx1))then
exit
endif
enddo

rewind(10)

do k = 1,skip
read(10,*)
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enddo
do k = 1,Me%zno
do j = 1,Me%yno
do i = 1,Me%xno
read(10,*) Me%poridx(i,j,k)
enddo
enddo
enddo
close(10)
end subroutine readporosityidx

subroutine readwriteresults

integer 1 1,j,k,m,stat,skip,ist
integer i Istr,mstr,rstr
character(len=1) ! idx
character(len=20) : lidx,midx,ridx

real i elevation

write(*,*) "readwrite results”

open(099 file='./ofgrd.grd’,status="unknown’)
open(100,file='./ofvel.dat’,status="unknown’)
open(101,file="./ofele.dat’ status="unknown’)

open(102,file="./depth.dat’,status="unknown’)

allocate(Me%alphaw (Me%xno,Me%yno,Me%zno))
allocate(Me%wlevel(Me%xno,Me%yno))
allocate(Me%velu(Me% xno,Me%yno,Me%zno))
allocate(Me%velv(Me%xno,Me%yno,Me%zno))
allocate(Me%velw(Me%xno,Me%yno,Me%zno))
allocate(Me%wdepth(Me%xno,Me%yno))
ist = 1
do m = 1, Me%fnotime,Me%iwskip
call readalphawater(m)
write(102,500) Me%foltime(m)
write(101,500) Me%foltime(m)
write(100,500) Me%foltime(m)
! Integrate in Z
do j = 1,Me%yno
do i = 1,Me%xno
elevation = Me%znod(i,j,1)
do k = 1,Me%zno-1
elevation = elevation
1 + Me%alphaw (i,j,k)*(Me%znod(i,j,k+1)-Me%znod(i,j,k))
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enddo
Me%wlevel(i,j)=elevation
write(101,501)Me%xpos(i,j,1),Me%ypos(i,j,1),Me%wlevel(i,j)
enddo
enddo
I read vekocity
if (m == Dthen
Me%velu=0.0
Me%velv=0.0
Me%velw=0.0
else
call readvelocity(m)
endif
do j = 1,Me%yno
do 1 = 1,Me%xno
do k = 1,Me%zno
! if(Me%alphaw(i,j,k) < 0.001)then
if(Me%zpos(i,1,k) > Me%wlevel(i,1))then
Me%velu(i,1,k) = 0.0D0
Me%velv(i,1,k) = 0.0D0
Me%velw(i,1,k) = 0.0D0O

endif
write(100,501)
1 Me%velu(i,1,k) Me%velv(i,1,k),Me%velw(i,1,k)
! write(100,501)Me%xpos(i,1,k),Me2%ypos(i,1,k),Me%zpos(i,1,k),
! 1 Me%velu(i,1,k),Me%velv(i,1,k), Me%velw(i,1,k)
! 1 SQRT (Me%velu(i,1,k)*+2+Me%velw(i,1,k)**2)
! 1 ,aatan2(Me%velw(,1,k) Me%velu(,1,k))*180./3.141592
enddo

! ! find depth for x-direction
! do k = 1,Me%zno-1
! if(Me%poridx(i,1,k)==1 .and. Me%poridx(i,1,k+1)==1)then
! Me%wdepth(i,1) = Me%znod(i,1,k)
! write(102,502)
! 1 1,j,Me%xpos(i,1,k), Me%ypos(i,1,k),Me%wdepth(i,1)
! exit
! endif
! enddo
enddo
enddo
enddo
write(099,499) ist,Me%xno
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499
500
501
502

write(099,499) ist,Me%yno+2
write(099,499) ist,Me%zno
write(099,501) Me%dx,Me%dy,Me%dz
do 1 = 1,Me%xno
write(099,501) (Me%xpos(i,1,1),i=1, Me%xno)
enddo
do j = 1,Me%yno
write(099,501)(Me%ypos(1,j,1),j=1,Me%yno)
write(099,%)'0.0 0.2 0.4’
enddo
do 1 = 1,Me%zno
write(099,501)(Me%zpos(1,1,k) k=1, Me%zno)
enddo

format(10(i4,1x))

format(f12.4)

format(10(£8.3,1x))

format(2i6,10(£8.3,1x))

end subroutine readwriteresults

subroutine readalphawater(m)

integer U 1,),k,m,stat,skip
integer i Istr,mstr,rstr
character(len=1) :: idx

character(len=20) :: lidx,midx,ridx

! for sediment particle model

write(x,'(a,f10.2)") "read alphawater, time = " ,Me%foltime(m)

open(10,file=trim(Me%fIn1(m)),status="old")

skip = 0

do
read(10,"(a)") idx
skip = skip + 1
if(trim(idx) == trim(Me%idx1))then
exit
endif
enddo

rewind(10)
do k = 1,skip

read(10,*)
enddo
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do k = 1,Me%zno
do j = 1,Me%yno
do i = 1,Me%xno
read(10,%*) Me%alphaw(i,j k)
enddo
enddo
enddo
close(10)
end subroutine readalphawater
subroutine readvelocity(m)
integer 0 1,j,k,m,stat,skip
integer o Istr,mstr,rstr
character(len=1) : idx

character(len=20) : lidx,midx,ridx

write(*,*) "reading velocity”
open(10,file=trim(Me%fIn3(m)),status="old’)

skip = 0

do
read(10,’(a)’") idx
skip = skip + 1
if(trim(idx) == trim(Me%idx1))then
exit
endif
enddo
rewind(10)
do k = 1,skip
read(10,*)
enddo
do k = 1,Me%zno
do j = 1,Me%yno
do i = 1,Me%xno
read(10,*)lidx,midx, ridx
Istr = len_trim(lidx)
mstr = len_trim(midx)
rstr = len_trim(ridx)
read(lidx(2:1str), *) Me%velu(i,j,k)
read(midx(1:mstr), *) Me%velv(i,j,k)
read(ridx(1:rstr-1),*) Me%velw(i,j,k)
enddo
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enddo
enddo
close(10)
end subroutine readvelocity

end program convertopenfoam
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