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Newton의 Principia (1687)



유체력에관한세개념
� 경계층 –마찰항력(frictional drag)

� 박리(separation) –압력항력(pressure drag)

� 순환(circulation) –양력(lift)

� 만약움직이는유체에점성이없다면?

-> 유체는비점성, 비회전성

-> Euler 운동방정식 (Streamline)(1755)

-> Bernoulli 방정식 (Streamline, 정상유동)(1738)

-> 뉴턴의운동법칙에따라물체에작용하는유체
력은영이다.
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유체입자의가속도 압력 중력
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Cauchy 운동방정식과 Navier-Strokes Equation

� 점성유체내부에작용하는내력의일반
적인상태를표현(1822)

� Traction과응력 Tensor 개념을도입하
여운동방정식을유도

� 단위면적당내력 = Traction (작용면에
평행(전단응력), 수직한성분(압력))

� Navier-Strokes Equation(1840)

− 1



��
�� + 1



������ + ������ + �� = ��

�� + � ��
�� + � ��

��

x

y

Δx

Δy

��� + ������ ∆� ∆�

−���∆�

−���∆�

�∆�

��� + ������ ∆� ∆�

− � + ��
�� ∆� ∆�

��

− 1



��
�� + 1



������ + ������ + �� = ��

�� + � ��
�� + � ��

��

1

 � ·  + � = !�

!�

X-direction

y-direction

유체입자의가속도압력 점성력 중력
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평행평판주위의층류경계층
� 압력 = 0, y방향유동≒0

� Prandtl Boundary Layer (1904)
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� 우리가알고싶은사항은? 평판에서의유체력 -> 전단응력 -> 속도의변화
량-> 계속변경 -> 속도의 x 방향변화량을나타낼수있는무차원함수를
풀자???

� Blasius Solution (1908)(PDE -> ODE)

Governing Equation

Conservation of Mass

Momentum Equation

Boundary Condition: u(y=0)=0, u(y=δ)=U

Stream function, ψ(u= �Ψ/�y, v= -�Ψ/�x) introduced ???
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Boundary layer thickness (at u/U = 0.99)3
� = 5
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Friction coefficient
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Drag force for friction
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평행평판주위의층류경계층



� Laminar boundary layer, 

Rec = 2x105



난류경계층형성과정

Viscous
sublayer



평행평판주위의
난류경계층

� Prandtl(1933), von Karman(1933)

� 속도, 압력, 온도가변수로작용한다

� 3차원유동이다

� 수많은 eddies 로구성되어있다.

� 섞인다

� 외부에너지공급없이수많은 eddies 가
생겨난다.

� 경계층전반에걸쳐속도분포가층류일때
보다더욱균일

� 평판의마찰항력은층류일때보다증가

� Reynolds’ decomposition
(instantaneous)=(time 
average)+(fluctuations)

� Turbulence intensity : ratio of RMS of 
velocity fluctuations to time-averaged 
velocity



평행평판주위의
난류경계층

� Inner layer : 점성저층, 점성
의영향이지배적

� Outer layer : 소용돌이의영향
이지배적

� Overlap layer : Inner, Outer 

의특성이둘다나타나는구역
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층류 vs 난류
� Boundary layer thickness –물체주위의유동이점성영향을받는구역의범위, 유

체의속도가변하는구간, 속도가외부속도의 99%가되는범위 (u=0.99U)

� Displacement thickness –점성유체의경계층유동에서의유량과물체가원래위

치에서일정거리만큼떨어진상태에서이상유체가흘렀을때의유량과같아질수

있는거리

� Momentum thickness - The momentum thickness, θ, is the distance by whic

h a surface would have to be moved parallel to itself towards the referenc

e plane in an inviscid fluid stream of velocity u 0 to give the same total mo

mentum as exists between the surface and the reference plane in a real flu

id

� Local skin friction coefficient –국부마찰계수(전단응력/동압)

� Wall shear stress –전단응력

층류 –속도의 3/2승, 길이의 ½승에비례

난류 –속도의 13/7승, 길이의 1/7승에비례

같은조건, 전단응력난류 > 층류 -> 마찰항력이크다.

� Drag coefficient –항력(마찰)계수

Boundary_Layer_1

Boundary_Layer_2



수직평판, 박리및압력
항력

� 항력 = 마찰항력+압력항력

� 마찰항력∝ 점성, 압력항력∝ 압력차

� Kirchhoff(1869) 의압력항력가설 – Free 
streamline

� 점성무시

� 수직평판뒤쪽의유체는정지
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� 점성으로인한경계층내부의회전성유동 -> 경
계층의박리(와동) -> 음압발생
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수직평판, 박리및압력항력
� 이상유체일경우항력이발생하지않는다

� 박리에의한음압발생 -> 항력

� 원기둥주위에형성된경계층내부유동층류 -> 난류,박리점이
동 -> 압력항력감소



Accident Troll Field

� Damage to Topside Structure due to Direct Wave Impact (3

0 Dec 2015)

� Sea state at the time of the accident was less severe than 

designed

� Rig was considered to vertical wave slam and run up

� Rig design did not comply with minimum 1.5m air gap

� Horizontal wave slam(14m high) crashed into accommodat

ion during mid night. One person died and other workers w

ere evacuated

� Lessoned learn – Horizontal wave slam is important to desig

n Semisubmersible Floating Unit


