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Todos metodos requerem

1.Entendimento dos processos e fendmenos
(descricao qualitativa)

2.Descricao quantitativa (fisica/ modelagem)
3.Solucao (matematica)
4. Interpretacao
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Laboratorio didatico de mecanica dos fluidos
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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)
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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)
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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)
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Fonte: www.sontek.com
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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)
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Caso 1

Number people who drowned by falling into a swimming-pool

correlates with

Number of films Nicolas Cage appeared in

Mumber people who drowned by falling into a swimming-pool
m Number of films Niclas Cage appeared in

1959 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1999 : 2000 : 2001 : 2002 : 2003 : 2004 : 2005 : 2006 : 2007 : 2008 : 2009

Number people who drow ned by falling into a swimming-pool
Desths (US) (COC)

109:102:102: 98 : 85 : 95 : 9% 98 (123 94 (102

Number of films Nicolas Cage appeared in
Films (IMDB)

Correlation: 0.666004

Source: http://www.tylervigen.com/
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1999 2000 2001 2002 2003 2004 2005 20404 2007 2008 2009
US spending on science, space, and
techrology © 18,079 © 18,594 | 19753 © 20,734 | 20,831 @ 23,009 | 23,597 © 23,584 | 25525 | I7.TH © 29449
Millions of today=s dollars (U5 OMEB)
Suicides by hanging, strangulation and
suffocation - 5,427 5,688 6,198 6,462 6,635 7,336 7,248 7,491 8,161 8,578 9,000
Deaths (LS} (COC)

Correlation: 0.992082

Source: http://www.tylervigen.com/
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e Expected value (mean)
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Source:
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Flutuacoes
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Causa

Vortices no escoamento com estruturas dominantes/coerentes
Flutuacoes = Oscilacoes?
- Analise estatistica usando series e transformadas de Fourier
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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)
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Fonte: http://www.usbr.gov/pmts/hydraulics_lab/twahl/winadv/wadv-ex.html
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Perfil de velocidade

1
|
Y/ h .'{II
0,5+
U___________ 0 — - e
0 i 0 0,5 Uy, 1 1,5
(a) Normalisiert mit #/yax (b) Normalisiert mit ¥

Abb. 2.3: Logarithmisches Profil fiir turbulente breite Gerinnestromungen (vereinfachte
Gl (2.11)) normuert durch (a) maximale Geshwindigkeit i, und (b) mittlere Ge-
schwindigkeit 7, in Abhédngigkeit vom Turbulenzparameter u.. /7.

Fonte: Jirka e Lang, 2009
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Flutuacoes turbulentas

T
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Abb. 2.4: Profile der Fluktuationsgeschwindigkeiten 2.7/ und w' normiert durch die Reibungs-
geschwindigkeit #, in turbulenten Gerinnestrémungen (Daten nach Nezu und Naka-
gawa, 1993)

Jirka and Lang, 2009 26
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B) Turbulent Diffusion in river

h large I, U,

eddy

B
large river B/h > (5 - 10)

A
v

U = average velocity

= Eddy generation due to roughness: = Turbulent eddy spectrum:
1, = pghsino. ~ pghl u” = eddy velocity
: | = h=eddysize
| = slope = sina
o == ol = Duffusion analogy (o, - Au,,):

E ~ h u turbulent Diffusivity [m?2/s]

u.= yghl , Friction velocity, E = 0,1(+/-50%) u.h for rivers

typical u. = (0,05 -0,1)U
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Vertical mixing (Advection

= vertical Diffusivity:
= vertical distribution:

= Vertical passive mixing (method-of—lmages)

Mixing if 6, = h, then x =Xy,
—> independent of velocity
- morphology dominates!

Bsp. 1: Rhein near Karlsruhe
B =250m, h=3m, U=3m/s
Xyy = 70x3 =210m  ~fast!

+ Diffusion)

E,=o,uh  a,=0,07 +/- 50%
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continuous
point-source

0, =42E,t 1/ t= X ,flowtime* (Advection)

Xmy =

U

heu  heu

2E 2000741 )

0,10U

Bsp. 2: Small river in Schwarzwald (Murg)
B=5m, h=0,5m
Xy = 70x0,5=35m  ~fasi!

vertical mixing is fast process!
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Lateral mixing (Advection + Diffusion)

Y A
ry
'
109
4 duf
B : O point-source
: at river bank
9
|1 D 4\
9" , 214/ S waste plume
; . / 1 "X
=" T *
U mv C ~X1_°
for B>h e
= Horizontal Diffusivity: E,=auh = 0,5+-50%
moderate heterogeneities
. . . . X
= Horizontal distribution: % =2y

= Horizontal mixing (river bank)
Lateral mixing if o, = B, X = Xy,
- independent of velocity

B2U B2U B2

X & = ~1
ML oE 2(0,5?*h) h

www.tobias.bleninger.info

- morphology dominates!

Bsp. 1: Rhein near Karlsruhe Bsp. 2: small river in Schwarzwald (Murg)
= 208.000m ~ 200km slow/! =500m = 0,5km

lateral mixing is slow process!

0,10U
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Height (m)

"  42mls

Courtesy: Phil Roberts, Georgia Tech
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Polar Scatter Dla
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Courtesy: Phil Roberts, Georgia Tech
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Courtesy: Phil Roberts, Georgia Tech
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Courtesy: Phil Roberts, Georgia Tech
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Mathematical Model
Domains

Argentina

Uruguay
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20 km

Courtesy: Phil Roberts, Georgia Tech
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Speed (m/s)

Speed (m/s)
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Model Comparisons with o o inger i
ADCPS5

= Simulated
— Measured
0.8

First Principal Component

T
8/11 8/16

Second PC \

First PC

Courtesy: Phil Roberts, Georgia Tech
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Slmulatlon Results Particle Trackmg Model’ " s, JEP R

} N tracer
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Courtesy: Phil Roberts, Georgia Tech
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