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Rombudo ou afilado?

Fig. 7.24 At high angle of attack,
smoke-flow visualization shows
stalled flow on the upper surface of
a lifting vane. [From Ref. 19, 1llus-
trated Experiments in Fluid Me-
chanics (The NCFMF Book of Film
Notes), National Committee for
Fluid Mechanics Films, Education
Development Center, Inc., copy-
right 1972.]
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Escoamento ideal (inviscido)
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U . .
po—pU? Inviscid flow past a circular
cylinder: (a) streamlines for the
Pu_i U2 ” flow if there were no viscous ef-
2 ned F fects, (b) pressure distribution
0 90 180 0 90 180 gn the cylinder’s surface,
6, degrees 8, degrees (c) free-stream velocity on the
(b) (c) cylinder’s surface.
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Regides do escoamento

camadas cisalhantes

escoamento
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Numero de Reynolds

~pUD U - Forgasinerciais

Re = :
7 1% Forcas viscosas

Prof. Dr. Gustavo R S Assi



Camada Limite (Pradtl, 1904)
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Gradiente adverso de pressao
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“ig. 7.7 Effect of pressure gradient
on boundary-layer profiles: Pl =
point of inflection.
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Separacao do escoamento
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Camada Limite
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Instabilidade de Kelvin—Helmholtz
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Instabilidade de Rayleigh—Taylor

0.4
0.3
0.2

0.1

Hydrodynamics simulation of a single
"finger" of the Rayleigh—Taylor
instability Note the formation

of Kelvin—Helmholtz instabilities, in
the second and later snapshots
shown (starting initially around the
level y = 0), as well as the formation
of a "mushroom cap" at a later stage
in the third and fourth frame in the
sequence.
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Li, Shengtai and Hui Li. "Parallel
-0.4; -0.4 -04 0.4 AMR Code for Compressible MHD or
HD Equations". Los Alamos National
Laboratory.
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Interacao das camadas cisalhantes




Esteira de vortices

Laminar

Turbulento
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Formacao da esteira

Forgas inerciais despreziveis
Forcas viscosas dominam
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Esteira de vortices

Aletian Islands. Credit: USGS
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Esteira de vortices
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Emissao de vortices

=0,8s =0,6s =0,4s
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Comprimento de formacao
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Campo de pressao




Campo de pressao




regimes laminar e turbulento
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Coeficiente de pressao
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Fig. 7.13 Flow past a circular
cylinder: (@) laminar separation; (b)
turbulent separation; (¢) theoretical -3.0
and actual surface-pressure distri- 0 45° 90° 135° 180°
butions. &
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Separacao em regimes laminar e turbulento

Laminar
Boundary Layer

Turbulent
Boundary Layer
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Separacao em regimes laminar e turbulento

Fig. 7.14 Strong differences in lam-
inar and turbulent separation on an
8.5-in bowling ball entering water
at 25 ft/s: (a) smooth ball, laminar
boundary layer; (/) same enitry, tur-
bulent flow induced by patch of
nose-sand roughness. (U.S. Navy
photograph, Ordnance Test Station,
Pasadena Annex.) (aj) (b)
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Forca ciclica
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Interacao Fluido Estrutura

=GP O

kM C
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Modos de emissao: cilindro em movimento

Figura 2.21: Modo de emissao 2P: (esquerda) visualizacao experimental de Williamson & Roshko
(1988); e (direita) simula¢cdo numérica de Blackburn et al. (2000).
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Modos de emissao: cilindro em movimento

Figura 2.22: Modos de emissao: (esquerda) 2S; e (direita) P+S. Visualiza¢cées de Williamson &
Govardhan (2004) e simulagcées numéricas de Meneghini & Bearman (1995).
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Modos de emissao: cilindro em movimento

Figura 2.23: Modos de emissao: (esquerda) 2T; e (direita) 2C. Medi¢cdes experimentais com PIV
adaptadas de Williamson & Govardhan (2004).
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Efeitos de interferéncia
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Efeitos de interferéncia

(a) Re = 3200, /D = 0.2. (b) Re = 7300, §/D = 0.9.
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Interacao Fluido Estrutura

=GP O
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