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Bernoulli's Equation
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\- y,
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1738 ( \ FIGWV:‘?[DC'W Flow velocity
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Navier-Stokes equation :

Continuity
For incompressible flow of Newton (constant viscosity) fluid

V-u=20

a a0 0
ax’ay'az)

V=

u,v,w are velocities in x, y, and z directions

1845 6u+6v+aw_o
ox 0y 0z

Claude-Louis Navier(’t)
George Stokes(f)

M - Vyut vPPu—vp+
at—uuvuppf

u=velocity vector

v=Kinematic viscosity (conatant)

p=Density (conatant)

P=pressure

f=External force (such as gravity)

change in velocity with time =advection + diffusion + pressure + body fore
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Darcy s Law

* the flux is proportional to the hydraulic gradient

AH
q=K—
e ¢ =flux
e AH/L = hydraulic gradient
* K= hydraulic conductivity ; ameasure of the soil’s ability

to transmit liquid water

1856

Dh = h; - h,

HG=DT.h

Henry Darcy

Discharge = Q = K(Ah/j)A
- the hydraulic gradient (Ah/j)
- The hydraulic conductivity (K)
- The area through which the water is flowing(A)

_ Water table
/ Ground
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Henry Darcy Robert Manning
Darcy’s Law Manning equation

Viscous flow

equation Daniel"Bernoulli H. W. Streeter
Bernoulli's Equation Navier& Stokes & Earle B. Phelps
. Navier-Stokes Streeter-Phelps

equation

equation
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Manning equation ;

n

V = average velocity, m/sec

S = slope of the water surface, m/m

R = hydraulic radius(R = area/WP),m?/m
n = roughness coefficient (Manning n)

Streamflow Parameters

Wetted perimeter
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Henry Darcy Robert Manning
Darcy’s Law Manning equation

JLAI2565F

1687

1738

Viscous flow

equation Daniel'Bernoulli H. W. Streeter
Bernoulli's Equation Navier& Stokes ¢ Earle B. Phelps
Navier-Stokes Streeter-Phelps
equation equation
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Streeter-Phelps equation :

Physical, chemical, and biochemical reactions of interest are BOD
exertion and O, transfer across air-water interface

Expressing in terms of DO Concentration

kgl
C=(C;—D)=C,— l d_ I"{d”( ~kat — g=krt) 4 pye~hrt

C, = saturation oxygen concentration, mg/L
K, = first — order reaeration rate coefficient, t!

1925 / AERERR \ / DOREET \

H. W. Streeter Oxygen Sag, mg/L
Earle B. Phelps([#]) s, B WSO
e >
2 -
© -
< <
l=)
T E 3
cC = . =
‘é".‘ Reaeration, mg/L =
X [ =
25 ]
3 % Initial Deficit, C<-Cq
faf4 Jr Deoxygenation, mg/L C Y
0
\ Time, days / \ Time /

AWH&L*»%&&&
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Species number of the macrozoobenthos in the german stretch of
the Elbe and annual averages of oxygen content of the Elbe
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