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< SUMMARY >

Purpose &
Contents

The sea level rise is expected to be accelerated and the salt wedge expansion
in rivers and estuaries is observed. In underground, the salt water intrusion is
also accelerated in company with groundwater level drawdown.

A little change of salinity has great influence on the ecological system and
causes local economic damage acting as a pollutant.

Although the construction of dams or weirs may be proposed as prevention
measures for the expansion of salt wedge, it is considered not to be time-
and cost—efficient and not to be positive on ecological system.

Although the salt water pumping, freshwater injection, underground dam, etc.
are proposed as prevention measures for salt water intrusion into underground
aquifer, the cost and effectiveness of the measures are being questioned.
Therefore, this research proposes cost efficient and easily maintainable green
technology for sustainable water resources as a countermeasure of future sea
level rise and develops the numerical program for the analysis and estimation
of the effectiveness.

It is expected that the construction of piles along the right and left bank of a
river causes the flow velocity within the piling area decrease and the water
surface of upstream reach from the piling area increase due to the drag force
of piles. In contrast, the flow velocity around the middle of channel will
increase. As a result, the positive effect of downstream increase of flow
velocity on the upward expansion of salinity can be obtained.

Therefore, two dimensional flow analysis program reflecting the effect of drag
force of piles will be developed in this research, in order to predict and
estimate the change of flow characteristics depending on piling.

Groundwater level in aquifer adjacent to the upstream reach from the piling
area is also expected to increase as a consequence of increase of water
surface of a river. The increase of energy head in underground aquifer can
play an important role as prevention of salt water intrusion and securement
and preservation of sustainable freshwater resources.

Therefore, groundwater analysis program predicting and estimating the effect of
flow characteristics change of a river as a result of piling on the underground
aquifer will be developed in this research.

At last, developed programs will be applied to various conditions of piles, and
green technology for sustainable water resources as a countermeasure of
future sea level rise will be estimated and verified.

Results

The main outcome of this research is as the following:

> program for the analysis of flow characteristics change of surface water
considering the drag force of piles

> program for the analysis of characteristics change of groundwater
depending on the change of flow characteristics of a river

> estimation and verification of green technology for sustainable water
resources as a countermeasure of future sea level rise

The minimum performance of this research is proposed as the following:

> 1 article published to SCI(E) journal

[> 2 article published to domestic journal

> 3 software

Expected
Contribution

This research which estimates the interaction between surface water and
groundwater reacted to sea level rise in rivers and estuaries guarantees
originality and challenge, making an first attempt at home and abroad.

The standard of national software development technology can be improved to
the next level, the position and role as the precursor of countermeasure of
sea level rise can be obtained, and the cultivation of future fundamental
technology can be warranted through this research.




® The outcome of this research can be applied to create another newly

developed business and research such as the environmental effects evaluation
due to sea level rise with cooperation and technical assistance in advanced,
developing and underdeveloped countries.

This research can be utilized for multidisciplinary and academic-industrial
cooperative fusion and convergence research between areas of river,
groundwater, environment, ecology, agriculture, fisheries, etc. for the
countermeasure of climate change.

It is expected that the outcome of this research should facilitate entering
the global market and pioneering new markets because the attention to the
environmental and ecological problems due to the climate change is highly
engaged around the wor ld.

Keywords

sea level rise groundwater

surface water — . ,
green numerical sustainable

technology model water resources

interaction
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10,0000{71 o|&te| AXIE MM A2, olF, Si/FAA, 3HH
OI SChEl= M7 2t ony o= StERI SMutE: ool U2od
e =

w2t 2Zest 2lolEE| kx| ErjEoz, =

2

=]
Ol= Vectordraw Q| =XM3ztet XAtz z/H35tE Sot0i, {=FHE JHM0| =HO{A £ AL,
g K&l 7o =tz g WMo MEtstx| g, 34 S/WS 2EFZM chakst AT
Xt7b 2ol Aol Eoig 4 U= LWEHS olEste Hg 2 Ao SXez MelE
S 2ZEQofel tE ML =72 HE

The Qt CompanyOll A 7HEEH 2F A C+ JHE Zadel3

'AE'aln g

el EEEol2l= FALOM WL oLE 7ot EEEE et o|Fo= 7|otollAM Zt2
stRend, 20124 88 HEt=2o| Digia®2 SAHEUCE L 20144 The Qt Company2t= OlE2 2
Digia AtZ[AIE =&

C++2} QMLO|Z2}= Al AT R E o0& 7|Htez &

rok

&Stz 2 Z; Z(Windows, Linux, 0SX, Android, i0S §)& Hel HE& X

JeiE g slE= O O|&F GDI+ CoreGraphicssel Z2Z2|l UOIEIE APIE AFSSHX| 21
OpenGL / OpenGL ES / DirectX / Vulkang AlE

A HM 5.12.07HX| EAl=en, & AFAMe =8 HAML| QtE 0[&

Zzz20HW IS {IsHM Qt CreatorZt M= =of, S HA 4.8.0
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o
File Edit Bulli Debug Analyze Tools Window Help

bl = B mainc
[+ data_cirlparameter.cop Al 1 #include
< deta_property.cpp #include
o1 dialogaboutwaremo.cpp
< dislogboundarycondition.cpp
<. dialogeontrolparameters.cpp
« dialegeditbgimage.cpp
< dizlogproperties.cop Mafri{ ndow w;
< glscene.cpp w.show()3
= main.cpp
1 mainwindow.cpp
o1 meshdata.cpp
« meshgenerator,cpp
= qeustomplot cpp
< shapefunctions.cpp
* surface.cpp
o sw_had.cpp

= [UTF-8 Line: 1. Cal: | B

v dnt main(int
i
QApplication a(orge, argv);

return a.exec();

1 dialogaboutwaremo.cpp ~
&4 dizlegbeundarycondition.cpp

< dialogeontrolparameters.cpp

| dislogeditbgimage.cop

| dialogproperties.cpp

& glscene.cpp

< mainepp

3 ppplica 4 Compll - 5 Debugg 6 Genera

a8 59. Qt Creator

- M, diaks, HHE S 6Uiel BixlS fIsH Qt Designer7t M3 =od, & A 5.11.2

1 Qt Designer — [u] X
oemn BEE 2O 270V EEG) 2W ESEH
=R =1 : sz g =2
DB 00 BRRE N=EMEg BN
SR 4R 8 x = i Z=x 27 & x
U AN | [T Dislog i == ke
EE] sobdecinsivens e =32 ~
This application was supported by funding from the Land =
=~ & Transpart Technology Promotion Research Program of the v == DialogAboutWaReho  QDislog
8 o1 Korea Ministry of Land, Infrastructure and Transport (grant ~ [l horizontallayout il QHBoxtayout
number 17CTAP-C128781-01). plainTextedit QPlainTextEdit
o SW-HZD means Surface Water Horizontally Two Dimensional o R e ¢
o model
% Fom Lay Based on 01 5,12.0 & Modem OpenGlL w27l & x
= { Build on Dec, 24, 2018
i Spacers ) ER ‘.g':, = #
] Horizontal Spacer Develuper: Tae Beor Kim
E-pnal 9551 08ha 98z Eof DialoghbouthaFleha : ADialog
E vertcal spacer Aflistion: Kaokmin University, Seoul, Korea =4 2 ~
hd B Copyright (C) 2018 T8 Kim@Kookmin University | Qobjec
U Push Button objectName DialogAbouti..
[N ool Button Il awidget . |
e dowModalty Nonhodal
@ Radiz Button | IT Tase: || | win
L L~ —! ! enabled %}
B Check Box >
@ command Link Bution 5 x
Dizlog Button Box / = ]
v _item Views (Model-Based) =
i = mas R
[F ustview te=
15 Tree view
5 mable view
[0 column view
v item Widgets (ftem-Based) < 5
5 ustwioget vlle >| NJE/e2EEI smmmdl  oias 24T

8 60. Qt Designer

O OpenGL (Open Graphics Library)

OpenGL= 22 Silicon GraphicsAtollAl THE 3D Z2fE XZ| 20|22 Z2M ZE A5k}l ofyY

HolMd, AlZalo]ME H|Zsh ZHAollAM 3D & X2lE faiM J1E el 4ol ME

- AH 2|7t 3DE XNMelste ZE2OY S HEY| fsiMe= tiets| sict2: e FEZ ths
ofof stut, olZEA #ict22 3D JeHE S A st7| fIsiM 2HS0{Zl 2ol 22{2[7} OpenGLY

- o] 2lo|EE{2|& AtgEezM, Z2TefH= 3D Ji=HS oY AHAstD stHol| fe{of st
=70l oiEh MAFRAQI DolofA Bo{LtAM, TJ2HE XpHollgt SSstes Ex=A el Aol O

H2 AdE 2 + U 2
- OpenGL2 AZ[2I2fHA= =2 E0[12 03] REA A[AHED A2 NTOlE 28 =0 A2z
CLE 2LMHME AOIME SetdE HS

|H

- oFF W2 #2o| West A2 HMelstnies tHERe 3D 3 TZ M2 OpenGLS AFSSHO]
=X D US
- WX e A molzzielg Al Mog = UAEE GLSL(OpenGL Shading Language) &-&

0| 7F=¢t modern OpenGLE & AFo| HE

LI) SW-H2D GUI MA 2 JHetr
O ™A 74
- M, Edf, XM &, Graphics/Edit toolsZ 74
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o

HEAQHA % v S >PORBR ALALL R R¥

Graphics tools 5
Overal

Background eolor .|
Selectioncolor [l

Searching fadius g =]
soals L

Showe

B Image
Node
Node strin
[ Element

Seatter

Palyline
g [ Boundary

Property

Lines
Boundary
Points

Elements

Graphics tools

Edit tools

O File M+
- New: 7|&E9| XIRE 2F AXH =
- Open: 7| &0 MEEHON U= R=E
- Save: AKX FH= =
- Save as: MZ2 projectd o=z X}
- Exit: B8
File Image Folyline M
New Ctrl«N 1§
Open crl+0 |
B save Cirl+S
W saveas
P et
12 62. File H =
O Image M+

- Import image file: HiZstHoz S8

I8 61. GUI oA 74

TEERIE

ulel=

24

MK
S S

=

Ol i

=
=
EEE'I

-

SHRHRL sw2)oll X &

Image Polyline  Mesh
Import image file
Edit image

Delete image

1% 63. Image M+

= ol
= =

Mesh = SW-H2D Model
Scatter L
MNode r
Mode string 4
Elerment *

Impert mesh data

a2 64. Mesh Ml &

I.

ololx| T MefFo| 2

- HiZo|o|X| 2 Windows Bitmap(&tZtAL .bmp), Graphic Interchange Format(&&X} .gif), Joint

Photographic Experts Group(&&HAl | jpg,

Por tabl

e Bitmap(&ZHXL .pbm),

.ppm) 7ts

- Edit image: #siZolo|X|e| =tst

2 EA

- Delete image: H{ZO|O|X| AbX|

- o™ ujZ olo|x 2=

rol

ct

=

F el m}

|
=

Portable Graymap(&H&tX}

AlC}

At =L

HA

mjo

of

1A

= 7

ofr

.pgm) ,

.ipeg), Portable Network Graphics(&ZHA} .png),

Portable Pixmap(Z&H&tA}

MYStER Sk, o|o|X| V[t ot 4
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& \mport image file b4

T

S <« SW-H2D » Samples v O Samples 2% A

= 4 pc
o A360 Drive "
b Musics BN
=] Pictures = &
i satellite_picture]  topegraphic_ma
B videcs
Pg pirg
§ oeec
= 1
| ]
e 2EEHAIE)
- EE 023 (D
& cp CajE (e

n EHoIZEE

-
T OIE(MN): | satellite_picture jpg w| |Image Files (*bmp *.gif *jpg * ~
f i

*gif *jpg *jpeg *.png *.pbm *.pgm

All files (.4

a2 65. Import image file AE4 Al 28{27] &

§ Disleg 7 x

< >
World coardinates Infarmation
Lawer left carner Upper right cofner Fllainams;
[Ci/lUzers/Iskib/SW-HED/Samples,/satellite_picturs Jng |
5| I | Size:
v | | [1267 % 595 pisls |

J8 66. A8 =E HEE

O Polyline M=

- Create Polyline: Zzl2lel MM Z¢
Select Polyline: MMEON U= Ez(2te) MH
(o]

- Move Vertex: M=o = Eolz2iel 2FH MEH T ME2 HEZE 0l
- Split Polyline: MM=E0 A= Ezlztelel MEY HX x|dAM Ez|ziel 29
- Merge Polyline: Q& SH & 74l Ezlztelg siutel ZEzjztelez #HE

O Mesh Ol =
- AXMMo|| 2Z25= AEZH(scatter points), X E&™(nodes), AKX 2A-(elements), 12|
11 Node string sHlMl =2 +A
- Import mesh data: Ef T2 IO3oA MMAIZI HXYE g E2{50 HXE 74

Mesh | SW-H2D Medel  Help

‘Seatter b %° Create Scatter F
MNode P x  Select Scatter
Mode string 4

Impaort scatters from file
Element *

Triangulaticn with scatters

Import mesh data
mpert mes Scatters to node points

12 67. Mesh>Scatter Ol
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&' Import scatter file x

A ||« SW-H2D » Samples v & | samples

&3 Lt pc -
= A360 Drive |7 seattersgz
D Musics

=] Pictures

B Videos
§ ge=c

BRG]

L cpEai= E

210/223)
b ! v < 2

EEREG) v

XYZ scatter file (*xyz *dat * 1 +
XYZ scatter file vz *.dat %)
XY scatter file (*xy)

All files (+.*)

12l 68. Import scatter file &

Mesh>Scatter>Create Scatter: MEZ22 AtZXH MM
Mesh>Scatter>Select Scatter: 7|Z= A AEH

Mesh>Scatter>Import scatters from file: XYZ(&Z&X} xyz, .dat, .txt) == XY(=ZX}

o =327

Mesh>Scatter>Triangluation with scatters: MEHE MEMES 0|25t0{ M4 AKX MM
A

—
Mesh>Scatter>Scatters to node points: MEAEl E= RE MEIMS HHOoZ HE

Mesh | SW-H2D Medel Help

Mesh  SW-H2D Model Help Scatter 'R DPORTDE
Node 4
Scatter L TR i o i : z .
7 Mode string b Create Nodestring
MNode ¥ L' Create Node -
Element b | e Select Modestring
Mode string b | W% Select Node : : :
A Split Modestring
Element » Import mesh data .
Trizngulation with nodes #  Merge Nodestring
Import mesh data MNodes to scatter points Reverss Diraction
= L .
a8 69. Mesh>Node M+ 2 70. Mesh>Node string Ml
- Mesh>Node>Create Node: M 22 HAM MM
- Mesh>Node>Select Node: 7|& AH MEH
- Mesh>Node>Triangulation with nodes: ME{E HEZ 0|Zst0] MZteA X 4N
- Mesh>Node>Nodes to scatter points: MEi=E &= RE HMZ MEZHOZ S
- Mesh>Node string>Create Nodestring: MEHES &St tEAEZ MM
- Mesh>Node string>Select Nodestring: 7| &2 EAEZ MEY
- Mesh>Node string>Split Nodestring: 7| &8 EAEZ S ME HE X[ofA 2L
- Mesh>Node string>Merge Nodestring: Q& St & el LEAEZ S SiLIZ 95t
- Mesh>Node string>Reverse Direction: CEAEZ S FMsI= H™ vlda=M HMst
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Mesh = SW-H2D Model  Help

Scatter Pl Pnp‘:%%

Select thin triangules

Neode 4
Node string K
Element ¥ b
Import mesh data =
"
o

Convert Tri to Quad

Convert Quad to Tri

Create Triangular

Create Quadrilateral

Select Element

Swap Edge
Split/Merge Elernent

a2 71. Mesh>Element M &

- Mesh>Element>Select Element: 7| &2 QA A{EH

Mesh>E|ement>Create Triangular: Al 7He| XS 0| &35}04
- Mesh>Element>Create Quadrilateral: Ul 7He] EHE=

=02

Mo MY
ol B3t0f ALZtR A MY

- Mesh>Element>Select thin triangles: 7| &S| M2tA T Jt=cizt gato| a2t XtE
- Mesh>Element>Swap Edge: & &2t24 A0 37 ZA{2| ghak Met
- Mesh>Element>Split/Merge Element: ZAME|E 3Fots F AUQLAE siLe] AfZQAR
£ slLtel AZRAE F AZ2LE 2
Split
— Swap
Edge
Merge <>
e
8 72. Split/Merge?}t Swap edge
- Mesh>Element>Convert Tri to Quad: ™A AXLoM MHUQLASS AULAZE XS HEt
- Mesh>Element>Convert Quad to Tri: & AXUOM AIUHLAES MUQAZE XIS HE
O SW-H2D Mode! Ol
SW-HZD Model | Help
Set properties
0. Set control parameters G Dislog 5 x
1. Renumber nodes/elements
2. Find sidewall ’Manmng‘sN‘ Density Height Diameter Drag coeff. (C_Dm) Armrangement Color
3. get flow BC 0.03 06 00 0.0 1.05 Uniform  #fffff
Remove sidewall BC
Remove flow BC
Run SW-H2D
4 Colurnn infarmation Ea =
o'
a7 73. SW-H2D
Model 0 B 74 22 S @ dE ¥

- Set properties: 2429 EAM Ztg F7

|

©
wn
o]
(@]
o
5
=)
©
o
Q
=]
@
@
@
)
r
2
el
fo —
i

o AIZIEHRIZ E2F & Jof| ME Tt

o Y| =FE FH=0| Ex= =4 MY TIs
o = AN ZZHSEZ flow =AHZ} no-flow =
o X LO|(hot-start) AA Jls

oI5t Lt AH|

s mlajole| MF

M Jhs
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Tirme st
Mo, of ti

& Control parameters

Time options
Implicitness

Tirne unit

ep (sec.)

me step

End time (sec.)

Initial conditions

Qutput interval of time step ‘ i}

Start time (sec,)

[.50
Secnnd ~
].—D.
Lo ]
oo
0

? XK

FEM options
Tolerance [ 0,001 |
Wax, no, of iteration | 50 B
Upwind weight factor | 1,00 =

Sidewall boundary condition

® Flow BC ) Mo-flow BC
[] Hot-start Find hinary file

Water surface level {m) w| | w-component of unit discharge {m”3/sec/m) 0.8
0o | y-component of unit discharge (m*3/sec/m) 0.0
a8 75. Control parameter CH 3}

- 1. Renumber nodes/elements: MEIE LEAEZYZ J[EFoz HEIN 249 tidHE XY
- 2. Find sidewal |: A& AXZoM LT EHE HAst0] 44
a8 76, UelR 5w My
- 3. Set flow BC: MEHE =AER0 AR £ ToL oA A=A 43
s FURHL /T ZAZTUS SAOl HH Jts3Hod AHF(supercritical flow)
29| Jts
. AlZioll W2 KYURT S9/4M HE A2 A IS
« HHoict Y RS Hd¥Y T UL, HHOG o E R W2 H4E8Y FE US
& set boundary conditions ? X
Discharge BC Head BC
Inflow: direction (Degree) Water surface leval (m) %
@® Perpendicular to nodestring 180 Time (sec) Value m) = B
(O Manually specified 0 - I"UJ'
Inputtype by nodes 5 s, n 2
® |dentical flow rate () Different flow rate
Time (sec) Walue (cms) ‘{F
100 10
=
12
12f | //
1ME
n ] /,/
I 5 /
13 ‘ i
é [} é é IIEI E[I ; 4 é é 10
sec sec,
Cancel
O% 77. BA=A A dEy
- Remove sidewall BC: A& E 5 HE AMx|
- Remove flow BC: MEHEl EAEZ0 MAEE R £ T2/ ZAZA AA
- Run SW-H2D: SW-H2D =& Al

FA
N

-~
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& sw H2D
0%
a2 78. SW-H2D 23 AldHE
O F7} tool bar M=
- Zoom extend(®): Z|2XMo=Z oA F7F &2 0|235l0] AR MMHE9 AzUds =MHE
A20{, zoom extend HES ZE5I0] 7|2 27 L= =
- Look/unlock point(AIM): M=ZH, HE, 6 Ez|iZfelE2 FMst= BE=2 unlock MEfoM Of2
A2 MEiSID Egfjastd ols Jhs
O Graphics tools
- Qverall, Lines, Boundary, Points, Elements E&fA2 74

- FAMQA show/hiddens MEASIHLE AHAH

TS 9y Jts

-4

Overall
Backaround color . |

Selection color

Searching radius
scale

Show

BG Image
Nade

Mode string
Elemnent

Scatter
Palyline
Boundary
Property

e Points.

A

A7], FHE HE

Linss |

Type |Paolyline ~

Color MO estnng_

Wicth
B0 ]

First vertex color

Last vertex color [l

Verex size

Apply

Boundary

Type |Side wall

Calor

Color ||
Width

Type

1,50

=

Scatter v
Color [Node

ischarge
Water Depth/Surface
Discharge ind Head

Width

Yertex size 8,00

Property
tfransparency

Size |

8,00

fpply

a8 79.

O Edit tools
2o

- AR MM A

generation, Inter/Extra-pol

=
E b

- Point Information
sMEFolLt BY e

45t

rEAEZ
= Move HE

Renumber in

i
- Inter/Extra-polation
istance weight)
A

tion, Element information

YA HE| g

First vertex color Il

Apply. Apply

Graphics tools 7+

information, Point division, Mesh

Egtaz 74

=2 Point

Al EE ZEA

o

| MEY Jts

=
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Point Information
Type MNaode
1D 49

Distance

¥ coord, [1.36 |
Y coord, [9.35 |
Z coord, [3.9976 |

Maowe
Modestring
Renumber [Bath width S
option
Henumbetirg

Reverse direction

12 80. Point
information toolbox

- Point division

Inter/Extra-polation
Interpolation
Method | Linear

Subset [All points

Extrapolation

Method Single value w
Subset Al paints

Single Value ’DD—|
Truncation

[] Truncate values
Min, value 0.0

Max, value 0.0
Execute

8 81. Interpolation &
extrapolation toolbox

- T EY EE F Moz PNE B2202 MENS O £ H A2 S MEste M2
MHAZ 3 US
. MY = ure HElR 44 Jts
- 2%, 22E I, YEo=z HHAL & US
- Element Information
- MNE 228 MU O 24 MEE EA
« Amlutao| MSE MYl ME 240 SN Zte WE Jts
- Mesh generation
o HafzEl MEfE MELEl E2|2ielSS 0/85t0d HY/v|de a2 B Al AXE M
M
o
. OIMEQl AXMAS 9ol AT HUTIS MHE Zal2iolSo| et HEE EA
Mesh generation
Method Structured ~
Element Information Element type Triangle il
Arc option Polyline-based
Foint divisian Type g /
) . = D Mesh size 1.0
Method Line ~
Higs e e = Modes Generate mesh
Bias extent [ - Area Min,seg.Length
Segment No, [2 5]  Propery No. Az L
P Max,seg.Length
Divide El Set property

I8 82. Point division
toolbox

CH) SW-H2D 7H e

12 83. Element
information toolbox

Closed loop area

18 84. Mesh

generation toolbox

- Surface Water Horizontally Two Dimensional modelS 2|O|

- Setup_SW-H2D.exe TS AMESIo] ALSKIT} |sk=

]

Qxlof] T2

- dESued s dxloddol s=5F5t0{ ARSAIE UE TS
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<« SW-H2D Setup Setup

Select Components

Please select the components you want to install,

v EW-H2D
SW-H2D Sample Files

Hotizantally two dimensional
Surface Water Model,

This cormponent will occupy
approximately 52,83 MiB on

vour hard disk drive,

Default Select All

Deselect Al

LCancal

8 85. SW-H2D A x| &

- MEEO A Z2HE miedg =2 AMER A dd A5 2ol Jts
- 7l2Hez 0L E 0|8510 Aol b= o], ofeAo 2% EXR v ED S7H 20| A
=a=
- TMHeAol MM Al DiRA AZHES FHA MM ALSED, M 0|52 OifA EZXR
HESR Jts
- 22 4y ol2fol= nteA REHELER M 0| Jis
- obeA B2 82 3H ool Sa0 ALS
- Slfel ZRMES $HSD LM, Z2HE 0|20z £ 4742 mio| MME
o EFA dat = ASCII Aoz HHE ZI meolsd, ME J2fE zZ=zael
tecplote| AYHX=RZE ALE Tts
o EFA hot mY: 275 @ACE FHE ZI} meo|nf, AL oo ALEE
o EEA sw2 md: SW-H2D Z=2HE meloli, ZE FEE ML As 27T 49
uped
o EIA vele m: 2 ATFOIM HEE FXE| ZZIOM ZIE HI| 26 MEHE
23} ot
- SW-H2Do| a2 Z=a% Wa M =Atel SE oojg EI ot} SHHES HuEEIe
0o S9f HiCtS HASCHE 2ol W=

8 86. SW-H2D

AlE
a =

(4) =™zl GUI =

70 HE Jls MY H 2

- Visualization Tookit(VIK)= ZAMX|e 7|He =2 FaiE Xt J2iE 2lo|E2[2 2ATF J
NEl= =29

- dlekst el Eo| e AV 2o HA AREE = A= EFHEOl US

- AFE =3 JHA St Oist 7|2 e s Y1 AeH, 7 A Z2ae4Yo| Jts

- VIK= C++ S 2folEe{2[olnd, Tcl/Tk, Java, Pythont} &2 A3IEE Ao CHer 2AE I
O|AE & M3

- azZkep, d#E | BIAM, BAX | volumetric methodS<el visualization ¥12l&ES XSt
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implicit modelling, polygon reduction, mesh smoothing, cutting,

triangulation S2f &2 132 242 HI3ads x|

contouring,

i iyt
- B2 imaging algorithma S€t5t01 3D graphics algorithmzt HIO|E{E 2D imagingZ 24
A ol
T AT
- VIKE Hel ZE& Unix EE2 PCE(Windows 98/ME/NT/2000/XP), 2|11 Mac 0SX JaguarOl|
HEOIM ALEZbSsE, EXsHH A3=EH0 Us
- Gt MXgloll A== CAD 7|52 wE Fesfor stots thEol US
Lb) 2kt =X 2| GUI 7
- 2Ate =X 2| GUI= ZEiZ zlolEE{2|Z2 VIKS &5t USnoi, MFC, C++7|Hte =z Il gtg|
ooy, &% QT =23 7|utiez S8t2 g5 12 US
- HeE FXHE[(2XFY THAIEE QUi BN XEME odes 227, sHMZIE EBe
oz FHEH0M oo, XYEYEL} sjMZnIt ohE=X| Fe d9, JHEIE =X &
g T4
-5 Birmnsmms 51 +winaasp B0 D somacing 1 |
s O
COB|SH 4 o] MBA £ FE ojM T2y
|
AR 4 OH ABY +XE HE Ol L A
ﬁ o8 e
ks ]
a2 g7. X2l GUI M olstH a9 88, A¥ud B (X P 9d)
- idZoE S =™ ofefeb Zo|, Zxf ol JHAE HOo EEO| HO, JEHoRE=
A, =2, 55 ZE =2l Jts
- siMAT= =, 4, 3N, olF, st F Jls2 S50, HEEO| 7tsstH, ofjoj
o =X
o
- StHe XgHE F Z(sHah) e =g A5, olefeb Zo| At stHgAsS =Holg =
o, =EMo Z1} Zto| AR FH=E=2 FAEof, Zn g elo| Jts5iL, AR
A (ZF)oll tHst slMo| =™ E Zo| otE=2, ZI siA Al o|E 5o F0{of &

Delaunay

e

=
o

A
T

ol
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G0+l DI ey =8 ‘+w'.=qrea;7 S0 Y OHIE marmm =al

vector | @

Iw'

O 94, 2xtel Z3stHE(Velocity)

Lb. 3xbE ISt s GUI R

(1)

3xHl CFD 84 Z @} GUI 7Hu+ wbsk

- 3XH AR A GUI= cietet HEfo| 48, RELSA GUIZE ZHEHE
g

- = ZpAolM = 1A e Z(2k

(2)

043 Li2fF ofzdoll whal, 33X JHAlEE Z=23of ik A
2ot Aol Js FAol =5 A ARol 42 37 FHES 1Us5H0], WEB-GI

&= S
OS2, 3 2 3Hs SRS HdFE TSRS, oo w2t WeBAOlAM 3D GIS Z It

3D GIS Viewing 7H&f
- 3D GIS =t?

o J|ESl 2Xt¥ GIS7I = SHAIE FHotn st SSEotollA 3kt X2l MEo|l Xz
g 228 AFsl= 20F2, 3D &7t Data Models, &7t database &z2|7|&, QUEY S8
71, tHEH dole Hiola & 7|s, AANZE H8H A2 Ma| 7|&, At T X
2l 71, 7H A Jls S| Mel 24 J|sE50| MR MEEE= 2ot

o 3AHY X3 A|ME0| dE T2|= T 3AY S7F X2 MEIF flatstx ol Xtg2 Fxof o
df RS0l sSHLE He[HER 3R 37 MEo| M HE EA0| Jts

o ALEXA o XMl ¥ M MSEES X Y5 AIBXIZR stoig A 22 JHAE MiAof

ety ZHEES OS W20 g7 olshist=s st 9

« XYES HWHESH| QT B2 Jsd HalsE § st XA EXsts JIsE2 A




ot Lol A20{, F0[YW(height map) AxOIM S| Xl =olgtE MEstal o
= O|At3 =2 Ho
* 37IX| LODAE2|E
1) &0 MEet Xgo| 22 o Ao mifd MAHSS Foiste ot MEL ZEe
HEH oi+loll Z[Etet dDE|E
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‘/.L F=0 (Void)

|—Surface Cell

F=1 (Fluid)

8l 105. FLOW-3D2| VOF 2
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- AKX 44D FAVOR 2
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#
M AKX g 7|¥ (Dynamic Mesh Modeling)
¢ Mesh motion and deformation automatically handled by solver
e Automatic refinement/coarsening capability using sizing functions
e Compatible with all other physical models including multiphase and reacting flows
e In-cylinder mesh motion options and crevice/blowby model
e Mesh motion preview

e Six-degrees-of freedom (6DOF) solver
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(3) CFX

CHE M8 CFD Z2O¥2 oMz, AKX MM, Solvers2Z L+0{X JqckH, CFX 11.0
(Commercial computational fluid dynamics program)2| Z-< ANSYSS| Workbench 2tz Lijof| A
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Geometry, Boundary conditions setup (loads, restraints, materials), FEA/CFD
Analysis, Visualization (images and animations) 2 Report 52| &g £ 7
- Mesh M 7|5
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« ANSYSOlAl V11.0 £E{ MEH MEO|Z Y= Workbench-based Meshing Application® 7|=
T x5 A 20k2| ANSYS meshingZt CFX-Mesh, 12|11 ICEM CFD2l Meshing ZIEi& Zgtsto
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P CRX-Mesh, Simulation
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* Shared meshing tools
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I8 110. ANSYS Workbench Mesh Generator

- ANSYS Workbench #+Z=
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ANSYS Workbench SR i
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FEHMAMHE(FW © Finite Volume Method) & AtEstil A20{ 3xt@ HIHE HAE XY
AXte| 252 7Y o0 HIAAMS X
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(1) Gmsh
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- Simulated Environments Conjugate Heat Transfer
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