Leis de Conservac¢do da Mecanica dos Fluidos aplicadas a Hidrodindmica do Navio

| - Lei da Conservagao de Massa
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Il - A lei de conservag¢do da quantidade de movimento

A derivada material, derivada substantiva ou derivada total
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Forgas atuantes em um elemento fluido
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As forgas normais ou de pressao
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As forgas de corpo
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Aplicagbes simples das leis de conservagao de massa e de conservagao de quantidade
de movimento - Escoamentos laminares internos fechados






Escoamento plenamente desenvolvido dominado pelas forgas de pressao
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Escoamento plenamente desenvolvido dominado pela forca de corpo



<l



<

w F

3.d






X aqa — _Fd
F _srjg
F F
s T s T d
x— — —
s T
x — d

Top plate
Velocity profile

7

*9

Bottom plate 2

Escoamento plenamente desenvolvido dominado pelas forgas friccionais
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A Brief Side Comment: Developing Flow

* The velocity profile is initially uniform at the inlet.
* Boundary layers grow on both walls due to viscous drag.

* Boundary layers merge on the centre line. Current exact solution is for flow

du
: s — : ; ou hat is full | —=
* Velocity profile stops changing in x-direction, — = 0 Tt W fully devaloped, =9
dx 1
( >
Irrotational (core) Velocity boundary Developing velocity Fully developed
flow region layer profile velocity profile
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    g  x = g  sin ⁡  𝜃


   sin ⁡  𝜃 =   − d h  d x


      𝜕 2 u  𝜕   y 2 =  1  𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x = c o n s t


    𝜕 u  𝜕 y =  1  𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x y +   C 1


  u ( y )


  u =  1  2 𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x   y 2 +   C 1 y +   C 2


    u  y = 0 = 0


    u  y = a = 0


    u  y = 0 →  1  2 𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x  0 2 +   C 1 0 +   C 2 = 0


    C 2 = 0


    u  y = a →  1  𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x     a 2 2 +   C 1 a + 0 = 0


    C 1 = −  1  𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x   a 2


    C 1


    C 2


  u =  1  2 𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x   y 2 −  1  𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x   a y 2


  u =  1  2 𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x  (   y 2 − a y )


  u =  1  2 𝜇   𝜕  ( p + 𝜌 g h )  𝜕 x  (   y 2 − a y )


  ( 𝜃 )


    p 1


    p 2


    p 1 =   p 2


  a


  y = 0


  y = a


  𝜌 = c o n s t


    𝜕 ( . )  𝜕 t = 0


    𝜕 (   u  i )  𝜕 x = 0


    𝜕 ( . )  𝜕 z = 0


  w = 0


    u  y = 0 = 0


    u  y = a =   V 0


      w  y = 0 = 0


    w  y = a = 0


    v  y = 0 = 0


    v  y = a = 0


    𝜕 u  𝜕 x +     𝜕 v  𝜕 y +   𝜕 w  𝜕 z = 0


    𝜕 u  𝜕 x = 0


    𝜕 w  𝜕 z = 0


    𝜕 v  𝜕 y = 0


   ∫    𝜕 v  𝜕 y d y → v = c o n s t =   C 1


    v  y = 0 , a = 0


    C 1 = 0


  v = 0


  𝜌  (   𝜕 u  𝜕 t + u   𝜕 u  𝜕 x + v   𝜕 u  𝜕 y + w   𝜕 u  𝜕 z ) = −   𝜕 p  𝜕 x + μ  (     𝜕 2 u  𝜕   x 2 +     𝜕 2 u  𝜕   y 2 +     𝜕 2 u  𝜕   z 2 ) + 𝜌   g  x


    𝜕 u  𝜕 t = 0


  u   𝜕 u  𝜕 x = 0


  u   𝜕 u  𝜕 x = 0


  w   𝜕 u  𝜕 z = 0


      𝜕 2 u  𝜕   z 2 = 0


  𝜌   g  x = 0


  v = 0


  v   𝜕 u  𝜕 y = 0


  0 = μ  (     𝜕 2 u  𝜕   y 2 )


    𝜕 u  𝜕 y =   C 1


  u ( y )


  u =   C 1 y +   C 2


    u  y = 0 = 0


    u  y = a =   V 0


    u  y = 0 →   C 1 0 +   C 2 = 0


    C 2 = 0


    u  y = a →   C 1 a + 0 =   V 0


    C 1 =     V 0  a


  u =     V 0  a y               0 ≤ y ≤ a

