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Convective Diffusion Equation
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Balanco de massa
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Turbulencia
Possibility 1:

14 ulzh

- dlamping of disturbance
(viscosity)

damping - stable flow

Disturbance

LAMINAR FLOW

Possibility 2:

- insufficient damping
- large eddies
- secondary eddies

1/ Disturbance

disturbance TURBULENT FLOW

arows

Fonte: Socolofsky and Jirka, 2005
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A) Molecular diffusion in stagnant ambient

A, = free path length

le _ )
. u,, = molecule velocity
Particle mass M Particle cloud
t=0 t=t
z o, = V2Dt standard deviation

D,, = mol. Diffusivity [m?/s]

E.g.: D,, = 2x10° m?/s salt in water

D, ~ A U, Mass diffusion as sum of singular movements

Ficks law
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Difusao turbulenta

X
|
s
|
\ J
3 ¢'>()
<) |
s \r b
Y
u'=0
u'<() !
u — |

Fonte: MIT, 2010,
http://www.universia.com.br/mit/curso.jsp?codcurso=15


http://www.ufpr.br/

Tobias Bleninger =—
Universidade Federal do Parana (UFPR)
Departamento de Engenharia Ambiental(DEA)
www.tobias.br.ms

Laboratorio didatico de mecanica dos fluidos
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(Acoustic Doppler Velocimeter)
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Fonte: www.sontek.com
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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)

Acoustic

Acoustic Transmitter

CCCIVCrS

Acoustic
Receiver

3D Velocity Measured in
Remote Sampling Volume
Diameter 0.6 cm, Height 0.9 cm

Fonte: www.sontek.com
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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: http://www.usbr.gov/pmts/hydraulics_lab/twahl/winadv/wadv-ex.html
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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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Medicoes de velocidades com ADV
(Acoustic Doppler Velocimeter)
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Perfil de velocidade

1
|
Y/ h .'{II
0,5+
O ' ' 0 — I -
(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 Abhangigkeit vom Turbulenzparameter u. /7.

Fonte: Jirka e Lang, 2009
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Flutuacoes turbulentas
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Abb. 2.4: Profile der Fluktuationsgeschwindigkeiten «’.v/ und w' normiert durch die Reibungs-
geschwindigkeit «. in turbulenten Gerinnestromungen (Daten nach Nezu und Naka-
gawa, 1993)

Jirka and Lang, 2009 19
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Visualizacao do escoamento e processos de mistura
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| EQ :
eddy TN

B

large river B/h > (5 - 10)

T

B) Turbulent Diffusion in river

A
v

U = average velocity

= Eddy generation due to roughness: = Turbulent eddy spectrum:
1, = pghsina ~ pghl = ghl u” = eddy velocity
: | =~ h =eddy size
| = slope = sina
%0 =u. =ghl = Duffusion analogy (b, ~ Anu,.):
u. = Jghl , Friction velocity, E =~ h u. turbulent Diffusivity [m?/s]

E = 0,5(+/-50%) u.h for rivers
typical u. = (0,05 -0,1)U

21
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Vertical mixing (Advection + Diffusion)

continuous
&  point-source

= vertical Diffusivity: E,=«uh o, =007 +-50%

= vertical distribution: 0, =42E,t 1/ZE — %= flowtime* (Advection)

U
= Vertical passive mixing (method—of-lmages)
U  hu
2E 2(0,0714*h)

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

0,10U

Bsp. 1: Rhein near Karlsruhe Bsp. 2: Small river in Schwarzwald (Murg)
B =250m, h =3m, U =3m/s B =5m,h=0,5m
Xyy = 70x3=210m  ~fast! Xyy = 70x0,5=35m  ~fast!

vertical mixing is fast process!

22
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Lateral mixing (Advection + Diffusion)

Y A
A . o
109
D |
B ) C Bt fiver bank
O
1O A
e . o, \ waste plume
Y —@ S >
L. 1
. for B>h Crn 57
= Horizontal Diffusivity: E,=ouh  a,=05+-50%
moderate heterogeneities
: CL : X
= Horizontal distribution: 9 =125
= Horizontal mixing (river bank)
B2U B2U B2

Xp & = ~1
LT 2E 2(0,5H*h) h

Lateral mixing if o, = B, X = Xy
—> independent of velocity

. 0,10U
- morphology dominates!
Bsp. 1: Rhein near Karlsruhe Bsp. 2: small river in Schwarzwald (Murg)
Xy & 10x250%/3 XuL ® 10x5%/0,5
= 208.000m ~ 200km slow! =500m = 0,5km

lateral mixing is slow process!

23
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