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CAMADA LIMITE

1904 — Prandtl (1875-1953) apresenta o artigo
“Uber Flussigkeitsbewegung bei sehr kleiner
Reibung” Proc. Third Internat. Math. Congress -
Heidelberg — p. 484-491.

 Escoamento de fluidos com cisalhamento pequeno.

e “O processo fisico na camada limite entre um fluido
e um corpo solido pode ser calculado de maneira
suficientemente satisfatoria, assumindo-se que o
fluido adere as paredes, de modo que a velocidade
seja nula — ou igual a velocidade do corpo. Se a
viscosidade for muito baixa e a trajetoria do fluido
ao longo da parede nao for muito extensa, a
velocidade terda o mesmo valor que muito proximo

variacdo de velocidade, apesar do pequeno
coeficiente de viscosidade, produz efeitos notaveis”. oo a4
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Fig 1.6. Karman vortex street behind a circular cylinder at R = 140 (Van Dyke
1982). Photograph S. Taneda.

Fig. 1.7. Karman vortex street behind a circular cylinder at R = 105 (Van Dyke
Circular cylinder at R = 9.6 (a), R =13.1 (b) and R = 26 (¢) (Van Dyke 1982). Photograph S. Taneda.
tograph S. Taneda.
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cilindros

Inviscid flow: Re =c0

Re =20
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Re =10 000 000



Aerofolio
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Escoamento Inviscido - Pressao
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Fig. 1.14. Comparison between
the theoretical and measured
pressure distribution for a
Zhukovskii profile at equal lifts,
after A. Betz [2]
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Modelo - Prandtl

v Inviscido- Euler
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Camada Limite Laminar Hidrodinamica — Bidimensional —
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Placa Plana
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Escalas de adimensionalizacao:

e x>L , y2> 39
e u—>U, v2>V

« 0 << L (observaciio experimental)
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SCALING =>
ordem de grandeza das variaveis e das variacgdes

11



“Scaling”
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Camada Limite — Placa Plana
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Equacoes — Camada Limite Laminar — Placa Plana
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Equacoes — Camada Limite Laminar — Placa Plana

QB_;O dp/dx dentro da camada = dp/dx fora da camada
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Equacoes — Camada Limite Laminar — Placa Plana
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Camada Limite Laminar — Placa Plana — Equac¢oes Aproximadas e
Condicoes de Contorno
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Solucao de Blasius
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Fig. 7.9, Velocity distribution in the laminar boundary layer on a flat plate at zero incidence,
as measured by Nikuradse [20]



Perfil de Velocidades- Camada Limite
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thickness s about 5 mm. A hne
wire perpendicular 1o the plate at the lefe
subjected 10 an electrical impulse of 3
milliscconds duration. A chemical ¢
produces 2 skender collcidal <loud,
drifts with the stream and is photographed
moenent later to define the velocity

Phocograph by F. X. Weetmuann



Solucao de Blasius
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Fig. 7.7. Velocity distribution
in the boundary layer along a
flat plate, after Blasius [2]
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Fig. 7.8. The transverse velocity com-
ponent in the boundary layer along a flat

plate
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Solucao de Blasius
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Fator de atrito

Coeficiente de arraste (fator de atrito) na placa:
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Para y = 0 (n=0) £7(0) = 0,§§2> resulta:

Vv —1/2
— 0,664 = =
Cp = 0,66 /UX C, = 0,664 Re_
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161. Structure of a turbulent boundary layer. Suc-
cessive layers of che flow near a flat plate in a water chan-
nel are shown by tiny hydrogen bubbles released periodi-
cally from a thin platinum wire seen at the left. The height
y* =y 1,/v of the wire above the plate is shown in wall vari-
ables, where u,=(r,/@)""? is the friction velocity. The

characteristic low- and high-speed streaks shown in the
viscous sublayer at y*=2.7 become less noticeable farther
away, and have disappeared in the logarithmic region at
y' =10l In the wake region at y* =407 the turbulence is
seen to be intermittent and of larger scale. Kline, Reynolds,

Schraub & Runstadler 1967
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