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ᶙ  

1. Introduction to ›ᾂ ῳ╧C&D  

2. Introduction to FLOW -3D® 

3. FLOW-3D® Hydraulics Application  
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Introduction to  
›ᾂ ῳ╧C&D 
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× Ἇᵛ╪ : 1997У 11√ 

× ⌐  

É Ἁ↕ᾋ ͑ ̬ ʷỢҼ →ᵚׇ╧₠ᾂḤᵖ BҼ 301  

É ḅ̭ Seattle 

× ‭ᶱ₂⁮ 

É FLOW -3D® ̭ ϼ ̎͒ Ḑ ┘ּקṏὝ 

É ̬Ɑ, ⁵┘  ̒ᴍ Ἇ  Ḑ ↑⁮ 

É ͑ Ɑṧ‎ Ἂ Ḑד  ˉḘ 

É ‭ Ḑ PDM ̒ᴍ ἲ ≈„ ̄ Ḙ 

× ⁴̬╩ᴌ̬Ἐ 

É 19ᶕ : ḓở 3╩, Ἂở 6╩ 

× Ἇ ⅔ד  ‭  

É Ҋ/͖ῳ■Ҽ , ҊᶘẈᾂ, ủἘ⸗ ͖ὢ∙, LG♆■, Ҋᵚ͖‭, KAIST,  KIST,  POSCO, ╩ּק

AMT,  ᾍ ♆͖, Ҽϳ̎‭ ӫ 

É ̭Ὕ■∙̎ở, ̭♆ᴌ̎ở, ủἘ˝Ἇ, Ҋ→˝Ἇ, GS̋ Ἇ, SK˝Ἇ, ӫ 

›ᾂ ῳ╧C&D ⁴  

http://www.stikorea.co.kr/
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× Ҏ Ὕ Ἂ 

É ἲ‗˃Ҏ , Ҋ̄Ҏ, ₂ Ҏ, ̘ҼҎ, ѽḟҎ, ╢ Ҏ, Ҋ´Ҏ, ▄ Ҏ, Ҋ Ҏ, ἒּש˃

Ҏ, Ҏ, ṏἘ˃Ҏ, ╢´Ҏ, ủῶҎ, ̘דҎ, ₂דҎ, ̟ỢҎ ӫ 

× ͖  

É ᾋ ⱭᴌḘ♆ἲ Ɑ̎ở CFD Ὕ ᶘ ᾏ  

É ▼ᾏ Ὕׂשṏ „ҲˉἍ ͖Ṓ Ḑ ᾏᾋἏ˾ 

É שּ҆ ᴌ 7,8 ͖ Ὕᴘ Ὕ Ἂ 

É ̮◌̭ʷỢѻ ῶҲᴘ Ɑ̎ở ʿᶴ Ὕ ᶘ╢ᾏ  

É ṏᴓ ᴌ 7,8 ͖ ḡὝᴘ Ὕ Ἂ - ּש  שׂ

É Ἳ‗ὝḘ♆ἲ Ἇ˾͖ὢ↑⁮ Ḑ ⁭Ὕᴘ Ὕ Ἂ  

É ửᵠ͑ Ҽּ4̬̎ש, ᵠ˼5̬̎ Ὕ Ἂ  

É ˼╩↔  6̬̎ Ἂ 

É ♅ Ὕḡ♫ Ἂ 

É ᾖ╧  ┘Ҽ Ἂ ӫ 

 

Consulting Ḑ ⁴̬↑⁮ᾏ♅ 

http://www.stikorea.co.kr/
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× Ἐϳ♩Ὕ◌ 3 ∙ ┘Ҽ Ἂ  

× ♅ ♩Ὕ ᵖᾋἏ ⁴̬ᵎ ⌐  3 ∙ Ὕᵖ Ἂ↑⁮(1 , 2 ) 

× BIO SACII(Anoxic  Tank) ҂ ┘Ҽ› Ҋ  3 ∙ ┘ҼἘ Ἂ  

× Ὕ ᵖ↑ Aerator  ┘Ҽ Ἂ  

× ♆Ợ┘ (CFD)₫ █■Ҽ⁮ ╖ ╧↑ ┬ Ἇ˾͖ḶˉἍ Ḑ ♩̎פֿ╛  ừḟῶ⁴̬↑⁮ (1,2 ) 

× ₂Ҽ Ὕ⸗ᵣ ᵖ◌ 3 ∙ ┘Ҽ Ἂ ͖ὢ↑⁮  

× Ҏ ừὝ∙ Ἇ˾   ⁮↑Ҳ □Ἐכ

× Ḗ√ ♩Ὕ◌ Ь ᾋἏ ˉר ͖Ṓ Ḑ ᾏᾋἏ˾↑⁮(Ὕ Ἂṥṧ)  

× 3 ∙ Ὕ Ἂ╖ ╧↑  ͖Ɑ╢ ↑ⱲỢἲר Ḑ ┘Ҽ‗ừˡ   

× Ἅ ᾋ Ἁṥ/Ҽṥ Ὕ⸗ᵣ ᵖ◌ ̃Ҳ ᵖᾋἏ ͖Ṓ Ḑ ᾏᾋἏ˾↑⁮(3 ∙ ᶘҥᵝ)  

× ᵟ⁭̐ ♩Ὕ◌ Ὕ ד̎ ᵖ ̬Ɑᶶ╢ ᵖ♅ Ἇ˾ᵎ ⌐  ♆Ợ┘ Ἂ  

× ˃ ᵃ̻ ͒Ὕ ˾ ̬ ở‭ ♫3̬̎ ỵ ↑Ὕ ♩Ὕ◌ ҊῶἏ˾  

× ד♫ Ὕ⸗ᵣ ᵖ◌ ̃Ҳ ᵖᾋἏ ˝Ἇ̎ở ͖ṒἏ˾↑⁮( ṧḡⱭ ┘Ҽ קּ♆ Ἂ)  

× Ὕ◌ ᵟ⁭̐ᾋἏ 3♩ ד̎ ∙ Ҳᶑ  ↑⁮  

× ♫ ᾋ Ὕ̒˛ ♩Ẉ ▄Ҋ  ḇ■ở‭ ͖ṒἏ˾  

× ϳҼ♩Ὕ◌ ἲὝᴌ Ḙ♆ᾋἏ ̎ở ͖Ṓ Ḑ ᾏᾋἏ˾↑⁮ 

 

Consulting Ḑ ⁴̬↑⁮ᾏ♅ ï Ὕ ᵖ ṧ‎ 

 10   50        

http://www.stikorea.co.kr/
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Introduction to FLOW -3DÇ 

http://www.stikorea.co.kr/
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× ˉḘ ⁴  

É 1960УҊ ḅ̭ Los Alamos Lab›Ἁ ■┘ ᶑ ⁴̬ ᾋ□ 

É VOF method ᾋ (B.Nichols, C.W.Hirt)  

É 1980У Flow Science Ἇᵛ (C.W.Hirt)  

É 1985У Version 1.0 Release 

É ◐ Version 10.0.1 Release 

×  Ἐ 

É Ἒ˾  VOF, FAVOR method ˉḘ Ḑ ♅↑ 

É ■┘ ᶑ, ⁵♆ѽ, ╛̃╢ ♩ Ἐ╓ᴘ ᶕἘ 

É ͖ -  , ̃ -   interaction Ἂ ͖Ѩ √ 

FLOW-3D® ˉḘ ⁴  

http://www.stikorea.co.kr/
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FLOW-3D® Worldwide Network  

 

ÅJapan 

ÅKorea 

ÅTaiwan 

ÅChina 

ÅIndia 

ÅGermany 

ÅRussia 

ÅFinland 

ÅNorway 

ÅSpain  

ÅItaly 

ÅCanada 

ÅMidwestern 

U.S. 

http://www.stikorea.co.kr/
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FLOW-3D®ôs Main Application Areas 

Marine 

Inkjets  

MEMS 

Water & 

Environmental 

Eengineering 

Coating 

Metal Casting Aerospace 

Consumer Products 

The same solver for all applications! 

http://www.stikorea.co.kr/
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FLOW-3D® Applications Worldwide 

32%

12%
7%14%

11%

7%

5% 12%
Casting

Ink Jets

Coating

Hydraulics

MEMS

Aerospace

Manufacturing

Other
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× ■┘ ᶑ ₆  

× ̄ᶑ   

× ┘ ♅Ḷ ˳■ 

× ̒Ὕᴘ, ˉὝᴘ ┘Ҽ  

× Ἠ ┘Ҽ  

× ↔Ҽ˾ ϼ╢ ┘Ҽ ừ  

× █■ ♅  

× ᶶֹו╢ Ợ 

× 2ừ ┘Ҽ  

× ῾ Ἐ ┘Ҽ 

× ■⁴Ҋᵃ, ˃♫Ҋᵃ  

× ⁵♆ѽ (Ҋᵃ, Ṑở, ♆Ҳ) 

× FSI(Fluid Structure  Interaction)  

× TSE(Thermal Stress Evolution)  

× Moisture  Drying  

× ♆͖◌ 

× ỵἘ   (קҼ›Ћּ↔ ,רוֹ ,⁵) 

× ♣ἘḘ⁵ 

× ̎Ҽ ừ  

× ừṆ   

× ᶑ◌ᴌ  

× ͖  ♅  

× Ẉљ  ┘   

× ἲ ᴘ   

× Ϯᵃᶘҥ  

× Ѹ̎Ἐᵭֹו  

× ♆ ♩╢  

× CAD interface  

× GMO(General  Moving  Object)  

× Granular  Flow 

× צּ  

 

FLOW-3D®  ╢ ͖Ѩ 

http://www.stikorea.co.kr/


♆ᶴ‾ּקѮ„͋ᴶ  ›ᾂ ῳ╧C&D                                                                                      12                                                                                                                    www.stikorea.co.kr 

× Pre-processor (♆ ᵖ ͖Ѩ) 

É GUI, Text mode 

É Initial  condition, boundary condition, mesh generation, physical option, ... 

É CAD interface 

× Solver 

É ˾Ợ Ὕ  

É Solver monitoring 

É User subroutine □Ἐ 

É Single &  Double precision version, Parallel processing version 

× Post-processor ( ᵖ ͖Ѩ) 

É Animation, 3D, 2D, graph, ASCII,  é 

É Post ♆↑ ᴘ͋ן interface 

× Hardware 

É PC, Unix, Super computer, ... 

 

FLOW-3D® ╢ ̬Ἐ 

http://www.stikorea.co.kr/
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ἵὲ↔ ở↑Ḷ : Pre processing 

Text Mode (Ὗᴍ■) 

  - █ᴌ ╪ ּר♥ Ὕ♩› ╢  ᾍἳ  Ἂ 

  - case studyᾋ batch mode (ὠ ♅ ᾏ ) ʷѨ 

  - ͖Ⱳ █ᴌ ╪ Ṑởᵎ  ᾍἳ  Ἂ 

GUI Mode ( ṏ■) 

  - ἵὲ↔ █ᴌ ᾋᾂ  Ḑ ᶶἘ DB 

  - ừ Ḑ Ɑ˝╖ ṏᶑἉ █ᴌ■ᴫ □Ἐ 

  - ■Ҽ╓ᴘ ⅔  option Ἅ  

http://www.stikorea.co.kr/
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× Mentor Tip : FLOW -3Dʷ ּקѨ♅╓ᴘ ừ  Ḑ Ɑ˝╖ ѻ ⁭ ᶴ♫♣ Ḑ Ҋ  ♫ᾋ 

× Numerical option (time step, algorism, ӫ)╖ ■Ҽ╓ᴘ Ἅ ̃ Ɑ♇ ᶏ ♅╢ ừ ᴘ Ἂ 

× Solver╢ ♩ừ♅ ּש  ⁭ṥ ᶘѮ ᵝ : ּרש, ↔Ҽ/Ϯᵃ›Ћּק, time-step, ӫ╓ᴘṥ  Ὕ ♅ ῶ♩Ἐ ˡ  

× Ἂׂשּ ש Ӆ ṥṧּ͢ק╢ Ἂ ˷̐ ╩ Ḑ ˾Ợ ׂש █ᴌ Ɑ˝ Ṇ˼╖   restart ͖Ѩ ♫̎ 

ἵὲ↔ ở↑Ḷ : Intelligent Solver 

http://www.stikorea.co.kr/
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ἵὲ↔ ở↑Ḷ : Post processing 

× 2D, 3D ͋ ᵚ ᴌ 

× כ͋  Ḑ Ҽ₂ừ ᴌ 

× Textᴘ Ἂ ˷̐ Ҳ  

×  Post Processing ♆↑ ᴘ͋̐ן  

 

http://www.stikorea.co.kr/


♆ᶴ‾ּקѮ„͋ᴶ  ›ᾂ ῳ╧C&D                                                                                      16                                                                                                                    www.stikorea.co.kr 

× Manual : on-line, off-line 

× Examples, óHow do I model?ô 

ἵὲ↔ ở↑Ḷ : Manual/Help/Tutorial  

× Ҽ₂ừ Tutorial  

× ♆ , ╧ᶆ╪, ḟᶴ ּק∙ 

× Consulting 

http://www.stikorea.co.kr/
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× ■┘ ᶑ╖ ♩╢ ѡ ḟḶ 

× ʷ♩ : Void Pressure = Constant 

 

╧ᴚ♅ ḡ˼(1) : VOF (Volume of Fluid) 

0<F<1 (Surface Cell) 

F=0 (Void Cell) 

 F=1 (Fluid Cell) 

Pressure = constant 

(or PVg = constant) 

Method for the definition of free surface 

Č ẈỢ Ḑ Wave breakinĝ ╕ Ṑ◄  ■┘ ᶑ↔Ҽ ͖ὢ ѡ ḟḶ 

                : ̃♩ Eulerian ˳■ᵎ ở↑ ѡ VOF ḟḶ ╧↑ 

Č ♩  ῾ᴌ Ḑ ↔Ҽ ♅ ˼˾Ɑ˝╖ sharp interface(ừ╧ ˼˾ᶑ)›Ἁ ♅↑ 

                :  ṇ Ὕ ṧḶ ở↑ 

http://www.stikorea.co.kr/


♆ᶴ‾ּקѮ„͋ᴶ  ›ᾂ ῳ╧C&D                                                                                      18                                                                                                                    www.stikorea.co.kr 

× FAVOR : Fractional Area/Volume Representation 

× ᾍἳ ̃ ♩  ̄ᶑ  (Direct CAD Interface) 

        ┘Ҽ Ḑ ⁵♆ѽ ˾Ợ╢ ♩ Ἐ ṏ 

 

╧ᴚ♅ ḡ˼(2) : FAVORÊ 

Quantities Stored 

  AFR - right  
  AFB - back 
  AFT - top 
  VF -  Heat Transfer Area 

VF =
open volume

volume of cell
AF =

open area

cell edge area

 z

 C
wA

 y

 C
vA

 x

 C
uA

t

C

Vz

C
w

y

C
v

x

C
u

t

C
zyx

f µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ
+++­+++

 

 1
      

 

 

 

 

 

 

 

 

× Integrated into conservation equations 

http://www.stikorea.co.kr/


♆ᶴ‾ּקѮ„͋ᴶ  ›ᾂ ῳ╧C&D                                                                                      19                                                                                                                    www.stikorea.co.kr 

Ὕ Ἂ̐ ᾏ  Ẉ̧ 

̬     ṧ ᾏ     Ὕ   Ἂ 

Ẉ     ↑  ᶘҥ ♫□Ẉ  ἲ ≈„,  

ἲ⅔ᾋʹ  ᶘҥ ♫□ Ḑ ᾏ  ᾋʹ  ᶘҥᵝ ᾋʹ, ˾ Ợ ᾋʹ 

♩  Ἐ  ♩  ⅔ ♩ṏ : ̐˷ ♅ר♩  

 ♩Ἐ♅ ˷̐ : ♩  

Ѹ ‗ Ἐ  ᶘҥ Ὕ♩╧ „ᴋ∂  ■┘ᴘ↔ ᶘҥ Ὕ♩ 

DataὝֿפ  Ɑ˝› Ӹׇ ♩╧ „ᴋ∂  ᶘӤ ₂⁮›Ἁ ʷѨ 

ʷ ᾋ   Video ₂╖  ʷᾋ   Ѹ‗  ḟḶ╢ ᾋʸ  

◐  Ἐ  ᶘ  ♫˛ ᾋ ◐  ṩʷѨ  †♫ϫ ◐  ʷѨ 

http://www.stikorea.co.kr/
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Post-Processing 

Solving 

Pre-Processing 

(Input □Ἐ) 

Ὕ Ἂ ♇  

  

˷̐ṧἊ, ∙╩ Ҳ   

Ἂ ( Computer ) 

˼˾Ɑ˝ Ὕᵛ ˼˾Ɑ˝, ͖Ɑ˝ Ὕᵛ 

ᶘҥᵝ CAD □‭, Ἂᶘҥ □Ἐ 

Ἂ■ʷ Ἂ╢ ᶙ ₫ Ἂ Ҋừ╢ Ἐ╖ ♩  ╧ ѡ ˣ╧ ׂש⅔ . 

Ą ◌͖ὢ■₫ Ἂ■╢ ╢˵ ̧ ╧ ᵭ→ ⅔ . 

˾   
Ἂḟῶ Ὕᵛ Ἂ╢ דῶ♣ Ἅ♩ Ḑ Ἂ Case Ἇ♩ 

Ἂ╢ ᶙ♅ ■ᴫⱭở, ʃ ♫♣ṧἊ 

http://www.stikorea.co.kr/
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Ὕ Ἂ ̐♩ (1) : 3 ∙ ᶘҥᵝ 

̬Ɑᶶ ᶘҥᵝ 

̬Ɑᶶ (Ҏ, ⁭Ὕᴘ ӫ) 

3 ∙ CAD ᶘҥᵝ 

(Ҳᶑ Ą ἶᵖӢ ỵἘ) 

קּ  ᶘҥᵝ 

3 ∙ ̄ᶑ(surface) ỵἘ 

קּ) ᶑ ừ ỵἘ) 

GPS קּ Ą ר MBES ,ר Ҳ 

(⌐  (X,Y), е╧ (Z)) 

3 ∙ ᶘҥᵝ 

(ἶᵖӢ ỵἘ) 

FLOW-3D®ᵎ ╧↑  ᶘҥ ˷  

http://www.stikorea.co.kr/
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Ὕ Ἂ╢ ̐♩ (2) : 3 ∙ ᶘҥᵝ 

AUTO-CAD ּק Ҳ 3 קּ ∙  ᶘҥᵝ  

CAD Ҳᶑ 3 ∙ ⁭Ὕᴘ ᶘҥᵝ 

ἘӅ ⸗ ừ 

http://www.stikorea.co.kr/
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Ὕ Ἂ╢ ̐♩ (3) : ˳■ṧ  

L = 650 

Mesh Block 

Z = 639.5m ~ 681m 

X = 600.0 

Y = -300.0 

X = 100.0 

Y = 350.0 

http://www.stikorea.co.kr/
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× ͖Ɑ˝ : Ἂ ₂⁮ ϼ ┘ ╢ ͖ừ  Ἇ♩ 

É Ἂ╢ ּש › Ӹׇ ₂⁮ ϼ ᵏ╧ ♩ừừ ᴘ Ṇ . 

× ˼˾Ɑ˝ 

É ┘█ṥ : Ὕ⌐ ֛ѡ ┘ר                     ┘ ṥ : Ὕ⌐ ֛ѡ Continuative Condition 

Ὕ Ἂ╢ ̐♩ (4) : ͖Ɑ˝ Ḑ ˼˾Ɑ˝ ṥ⁭ 

ừᵃ : Ὕ⌐ 676.57m 

ᵃ  : Continuative condition 

400m 

650m 

24.0 

 

 

 

 

 

 

m/s 

 

 

 

 

 

 

0.0 

http://www.stikorea.co.kr/
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× ˾Ợ ׂש Ἂ╢ ♩ừ♅ ּש  ⁭ṥ ♣ˡ 

É ↔Ҽ›Ћּק, Ϯᵃ›Ћּק, time-step, ӫ╓ᴘṥ  Ὕ ♅ ῶ♩Ἐ ˡ  
 

× ˾Ợᾋʹ 

É ˳■Ὕ╢ ♫̌› Ẉᴔ 

É ͖Ɑ˝╢ ừ › Ӹׇ ѽׇֿכ 

Ὕ Ἂ╢ ̐♩ (5) : Solving 

  

Mean kinetic energy Time step 

http://www.stikorea.co.kr/
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Text, 1D, 2D, 3D ˷̐ᵎ ᴌ ⁭ ˷̐ ṧἊ 

Ὕ Ἂ╢ ̐♩ (6) : Post-processing 

  

http://www.stikorea.co.kr/
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FLOW-3DÇ 

 Hydraulics Application  

http://www.stikorea.co.kr/
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♥͍Ὕᴘ Ἂ 

1.0m/s 

0.9m/s 

0.8m/s 

0.7m/s 
0.6m/s 

0.5m/s 

0.4m/

s 

0.3m/s 

0.2m/s 

0.1m/s 

 

(  ) 

ἲ ‗ ˃ Ҏ Ҋ  ̄  Ҏ 

http://www.stikorea.co.kr/
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Kelsey G. S.

Head Loss Vs Angle of Wing wall
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)

Unit 6

Unit 7

Design of Hydroelectric Intakes 

  

Ἂ╧ ᾏ♫ ᶶᵖ ừ(ἲ↑Ҷ╧ Ḙỵ)╖ ♩  ₆  
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Hydroelectric Intake Design  

  

Power house 

Intake 

Pier 

Flow 

0                        m/sec                   12 

Case With Piers 

Case With Piers 

 
× Pierᵎ ♫˛  ˼→ ḟᵃצּ רҊ› Ӹᵍ Ḙ♆צּ ╢רʷᵎ Ὕ Ἂ╓ᴘ ₆  

É  Pier♫˛₫ Ḙ♆צּרʷ╢ ˼♫Ἐ╖ ṧἊ 

É  Pier♫˛Ẉ↑ < Ḙ♆צּ רʷ› Ӹᵍ ╧╨ 
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× Diversion Port╢ Gate ̄ ḟ е╧› Ӹᵍ Ὕ⌐ Ҋ ḟᵃר Ẉ̧ ʷѨ  

× Gate ̄ ḟ› Ӹᵍ ┘Ҽ ᵏ Ḑ ┘ἳṧ ᵎ Ἂ╖ ⁭ ₆  

Diversion Port Ἂ  

  

 

Physical Model  

FLOW-3D  

× Diversion Port╢ Gate  ₭♆ ˉḟ ᾋ Physical Model ̐  FLOW3D Ẉ̧˷̐ 

http://www.stikorea.co.kr/
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Dam Safety 

  

McArthur Generating Station  

× Ὕᶴ ˉҲ Ɑ˝› Ӹׇ ᶴẈʷ ḗѡ ╖ Ἂ ⁭ ̬Ɑ♅ ῶ♩Ἐ ṏ 
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⁭Ὕᴘ ḟᵃ 

  

Å  ⁭Ὕᴘ╢ ┘Ҽ ‗ừ╖ ῴ ⁭ ṅ╢ √ᵃ⁭ṥ, ḟᵃר,  Ὕᶑ ┘Ҽ, ṥ῾Ḙỵ, ʾἚּק ᵏ ӫ╖ ₆  

Å  ⁭Ὕᴘ╢ Ἂ̐ ᾏ♫ ḟᵃᾋ ởּש Ẉ̧ 

    Č Ἂ̐ ởּש╧ ᵭ→ ▲ ╪ ᶏ  FLOW-3D ■┘ ᶑ ₆ ╢ ♩ Ἐ╖ ṏ̃ד⁭ ▐Ѹ. 

⁭Ὕᴘ Ὕ⌐ Ḑ Ὕᵮ Ἐ ₆  

Jump ˛ᵖ Ḑ е╧ ₆  

http://www.stikorea.co.kr/
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× ὝᶴⱭ♇  ⁭Ὕᴘ╢ Ὕᶴ ˉҲṇ ḟᵃר˾Ợ  

× ⁭Ὕᴘ Ὕ⌐-ḟᵃר ˷ ♩ 

× Ὕᶴ Ɑṇ ↔₂ᾋ ˉҲṇ ḟᵃר ˡ  

⁭Ὕᴘ ὝᶴⱭ□ 

Å Gate 1  / 2  : OPEN 

Å Gate 3   : CLOSE 

Å Gate 1  / 3  : OPEN 

Å Gate 2   : CLOSE 

http://www.stikorea.co.kr/
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⁭Ὕᴘ : ᶘѶ͏ᴘᵖ 

  

×  ᶘѶ͏ᴘᵖ ᾌ╢  ⁭Ὕᴘ› Ὕ⌐Ҋ ḟᵃר Ợ  

×  ⁭Ὕᴘ ᵏ╧ ̒Ὕᴘᴘ Ṇ  ᾋ ┘ר ʾἲ ừ Ἂ 

700.0
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1100.0
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1700.0

1900.0

159.0 159.5 160.0 160.5 161.0 161.5

ꜞꞌ fi
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ףּ
תּ
fi
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⁭Ὕᴘ : ʾἚּק ♣  

150m 

Ὕᵖᶘ ᾏ  

150m 

Ὕ ᶘ ᾏ  
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Ὕᴘ+ Џᾌ ⁭Ὕᴘ 

Ὕᴘ 

⁮ ╢⁭Ὕᴘ₫ Ẉừ⁭Ὕᴘד  × ╖ ̃ ▐ѡ Џᾌ ⁭Ὕᴘ ʹ╢ ┘Ҽ‗ừ╖ ῴ  

×  ḟᵃר Ḑ Ὕ⌐, ♩Ὕּק Ḑ ʾἚּק╢ ┘Ҽ‗ừ, ṥ῾Ḙỵ ⁭ṥ ˡ  

♩Ὕּק ᵃ 

 ⁭Ὕᴘ : Џ Ḑ ʾἚּק ʹἓ 
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×  ⁭Ὕᴘ Ἂ╖ ⁭ Ὕ⌐ Ҋ ḟᵃר Ợ  

×  ᾏ ˀ̐ Ἂˀ Ẉ̧˷̐ Ἂ╖  ₆ ╢ ♩ Ἐ╖ ṏכ⁭Ѹ. 

⁭Ὕᴘ : Ὕ⌐Ҋḟᵃר 

  

147 

149 

151 

153 

155 

157 

159 

161 

163 

0 2500 5000 7500 10000 12500 15000 

Flow (m 3    /s) 

E
le

v
a

ti
o

n
 (

m
) 

Empirical 
Flow 3D 
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Hydraulic Jump  
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Dam Design Simulations 1 -1 
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× Ὕᵖᶘ ᾏ ̐ Ὕ Ἂ╖ Ẉ̧ ⁭ Ὕ Ἂ╢ ♩ Ἐ ˡּצ 

Dam Design Simulations 1 -2 
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Early Development of Breach 

 

Dam Break Analysis  

  

Fully Formed Breach 

× Ҏ ṯ̟› Ӹᵍ ḵ₆ ╖⁮₂ד ⁭ Ҋ ˾ Ὕᵛ 

http://www.stikorea.co.kr/
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⁭╢Ҳ ỳ˃ Ὕ⌐ Ἂ 

×   ⁭╢Ҳ ỳ˃ ʷᶶᵟ╧ Ἇ › Ӹᵍ Ὕ⌐Ṇ  Ἂ 

×   ⁭╢Ҳ ỳ˃ ʷᶶᵟ╧ Ἇ ʷ Ὕᾋ ⁭╢Ҳ ṥ͍╢ ┘Ҽ‗ừ(Ὕ⌐, ┘ἳ, ₫ᵃ)› ḅ ѡ 

₂ ╖ ῴ. 

14.0                                     Ὕ⌐ (m)                                  15.0 
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× › ₓ, Ὕ ┘█ᾋ ₓ Ὕ╢ Ợ Ἂ 

× ₓ Ὕ╢ ṧ  Ḑ дҲ ₆ ╓ᴘ ♅╢ ♩ᵩ ̬Ἐ ḟῶ Ὕᵛ 

 

ₓ⁸╢ Ợ 
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× ⁴ᶠ›Ἁ ṥ┘ᶶֹו╢ ┘Ҽ ᵏ Ἂ ᾏᾋ 

× ⁴ᶠ╢ ṥ┘ᶶֹוӦ╧ Ὕᶑ›Ἁ ˃  Ḓד› ╢  ₂ ╓ᴘ ♆ᶶ╢ ◐ṥừ  ừ  ῴ 

× ♅♇  Baffle  Ἇ ᴘ ╩  ṥ┘ᶶֹו ┘Ҽ ᵏ ♫„ᵎ Ἂ╖  ⁴̬ 

 

⁴ᶠ╢ ₓ⁸ 
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Tidal Current In Tokyo Bay  

  

SEA Corp. 
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Ḙ♆ἲ : Ὕᴘ 

  

0.5~0.7m/s 

1 ͖ 2 ͖ 3 ͖ 4 ͖ 5 ͖ 6 ͖ 7 ͖ 8 ͖ 9 ͖ 10 ͖ 11 ͖ 

̰  4ῶ 

0.0 2.0 1.0 

m/s 

7 ͖ 7 ͖ 

7 ͖ 7 ͖ 

EL. 0m  

EL. 4m  

EL. 2m 

EL. 6m 

0.6~0.8m/s 0.6~0.8m/s 
₫ᵃḘỵ 

0.2~0.4m/s 0.2~0.4m/s 

0.2~0.4m/s 0.2~0.4m/s 

0.9~1.0m/s 0.9~1.0m/s 

0.9~1.0m/s 0.9~1.0m/s 

Chamber A 

Chamber C Chamber D 

Chamber B 

C B A 

D C B A 
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Ḙ♆ἲ : Ὕᴘ 

  

0.5~0.7m/s 

1 ͖ 2 ͖ 3 ͖ 4 ͖ 5 ͖ 6 ͖ 7 ͖ 8 ͖ 9 ͖ 10 ͖ 11 ͖ 

̰  4ῶ 

8 ͖ chamber#A 8 ͖ chamber#B 8 ͖ chamber#C 8 ͖ chamber#D 
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Ḙ♆ἲ ḡὝᴘ  

Seal Wellṥṧ  3 ∙ Ὕᶑ ừ ἲὝᴌ ṥṧ 3 ∙ Ὕᶑ ừ 
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× Scouring, Sedimentation ừ╖ Ἂ. 

× ᵏ Ɑ˝, ּק , ̬Ɑᶶ ừ› Ӹᵍ scouring Ἂ╖ ⁭ ̬Ɑᶶ╢ ῶ♆Ἐ ṏ Ḑ ┘ּק

ṏὝ ḟῶ Ὕᵛ 

×  Ḑ ‗› Ҋ  ♅ᶶ Ἂ╖ ᾏᾋ ⁭ Ἇ˾ ᾋ ʸ⸗ ᶴ♫♣› Ҋ  Ҋῶ Ὕᵛ 

 

Bridge Pier Scouring & Sedimentation 

  

ᵏḟ  

͖ ừ  

Scouring ּש  שׂ

scour 

Scouring & Sedimentation ּש  שׂ

ᵏḟ  

͖ ừ  
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Ἒ̰  2 ר̧  

Ἒ̰ḟּ̎ק Ἇ  ♆ Ἒ̰ḟּ̎ק Ἇ   
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Ἒ̰  2 ר̧  

Ἒ̰ḟּ̎ק Ἇ  ♆ Ἒ̰ḟּ̎ק Ἇ   
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Scouring & Sediment 
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Non-linear Surface Waves 

L0 

H 

d 

× 5th order Stokes wave approximation extends the linear wave solution primarily to waves with     

      larger amplitude and wavelength 

× The solution naturally includes a constant current 
Linear waves 

Stokes waves 
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l:  wave length 

H:  wave height (from trough to peak) 

h:  water elevation 

U: mean stream velocity 

w: angular velocity, w=2p/T 

k: wave number, k=2p/ l 

c: wave speed, c=l/T 

   

 

 

 

 

H 

l 

x 

z c 

U h 

Assumptions: incompressible, inviscid and irrotational 

Perturbation parameter: wave steepness 

Potential function : 

Laplace equation: 

Solution: 
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(John D. Fentonôs 5-th Order Stokes Theory) 

5-th Order Stokes Surface Waves 
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Comparison of experimental and numerical time history of 

pitch motion of the device.  

Pitch Motion of WRASPA against 10mm Wave
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Experimental Results

Numerical Results

Numerical Modelling of WRASPA using FLOW-3D 

Stokes Wave Ἂởᴔ 
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Wave & Caisson 
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