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transition to turbulence




Osborne Reynolds
1842 1912

The configuration of Reynolds’s experiment on flow along a pipe.

(a)

1'Jl> I
(b)
(©)

Sketches of (a) laminar flow in a pipe, indicated by a dye streak; (b)
transition to turbulent flow in a pipe; and (c) transition to turbulent flow as seen when
illuminated by a spark. (From Reynolds, 1883, Figs. 3,4 and 5.)
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cilindro Re =10.000

48. f:lmulgr cylinder at R=10,000. At five times the number spanned by these two photographs. It drops later
specd of the photograph at the top of the page, the flow when, as in figure 57, the boundary layer becomes ¢

» pattern & scarcely changed. The drag cocfficient conse- bulent at separation. Photograph b‘-’r T‘;m;u; (; ; F ur!
guently remains almost constant in the range of Reynolds Hassan Nagib e TN ol
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anemometro de fio quente

/

V=V +V

A

turbulentos

osciloscopio

Fig. 34. Fotografias de flutuagdes da ve-
locidade de perturbagio v’ visualizadas na tela
de um osciloscopio através da técnica da ane-
mometria de fio quente.

A — regime laminar

B — transi¢do

C, D e E — regime turbulento, com diversas
intensidades de turbuléncia.

A ordem de grandeza da intensidade de tur-
buléncia usual em escoamentos nas aplicagoes da
Engenharia é de 0,05.
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Kolmogorov
1903 -1987

“meu interesse pelo
estudo dos
escoamentos
turbulentos surgiu no
fim dos anos 30.
Pareceu-me evidente
gue a técnica
matematica principal
deveria ser a teoria
das funcgoes
aleatorias de diversas
variaveis, que estava
entao nascendo.”
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escalas de turbuléncias .






Escalas de Kolmogorov —
menores escalas de turbuléncia
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ngradv

tensao

gradiente de velocidade adimensionalizado (laminar )
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Mg, 18.3. Measurement of fluctuating tur-
bulent components in a wind tunnel,
wl maximum velocity I = 100 cm/sec

ultor Reichardt [41]
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Fig. 18.4. Measurement of fluctuating com-
ponents in a channel, after Reichardt [41]

The product w’ v’, the shearing stress v/o.and the cor-
relation coefficlent

Intensidade de Turbuléncia
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Turbulento

Escoamento unidimensional em estado estacionario sobre uma
superficie (parede plana, tubo escoamento desenvolvido)
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Fig. 5.5-3. Dimensionless velocity distribution for turbulent flow in circular tubes, presented as v* =7,/v, vs. y" =
yusp/ 1, where v = V'13/p and 7 is the wall shear stress. The solid curves are those suggested by Lin, Moulton,
and Putnam [Ind. Eng. Chem., 45, 636640 (1953)]:

0<y' <5 v =yt — 3y /14.5)°]
5<y™ < 30: v" =5In(y* + 0.205) — 3.27
30 <y v"=25Iny” +55
The experimental data are those of J. Nikuradse for water (¢) [VDI Forschungsheft, H356 (1932)]; Reichardt

and Motzfeld for air (®); Reichardt and Schuh (A) for air [H. Reichardt, NACA Tech. Mem. 1047 (1943)]; and
R. R. Rothfus, C. C. Monrad, and V. E. Senecal for air (W) [Ind. Eng. Chem., 42, 2511-2520 (1950)}.
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161. Structure of a turbulent boundary layer. Suc-
cessive layers of che flow near a flat plate in 3 water chan-
nel are shown by tiny hydrogen bubbles released periodi-
cally from a thin platinum wire seen at the left. The height
¥* =y 1,/v of the wire above the plate is shown in wall vari-
ables, where u,={7,/Q)'"? is the friction velocity. The

characreristic 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'=104 In the wake region at y' =407 the turbulence is
seen 1o be intermittent and of larger scale. Kline, Reynolds,
Schraub & Runstadler 1967
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FIGURE 11-2
Mixing-length measurements of Andersen' for no pressure gradient, advers
gradient, blowing, and suction.
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Modelos de
Turbuléncia

Reynolds Stress

sete equacoes
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Rayleight
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Rayleight P=po,=pv (grédv : grédv)

turbulento E_,-‘- =—p VT gr'c:td\i
comprimento de VT =€$n ‘ gr'gd v
mistura de Prandtl

dissipacao de energia cinética de turbuléncia
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Pressure, Pa Probe value
1144.653 1116.380

1032.7765 Average value
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Y-Velocity, m/s Probe value
0.479536 -0.002395

420762 Average value
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Probe value
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.659003
.055316
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cilindro Re = 2000

47. Circular cylinder at B=2000. Ar chic Bevnalds
nurmber ane may properly speak of a boundary laver. [t is
laminar aver the Frl'_'ll'l.‘... EEPTHES, and breaks i ifC a4 ture
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upstream limir, ahead of maximum chickness. Visualiza-
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