Place Darcy, Dijon,
France.




—

The experimental verification of Darcy's law can
be performed with flowing at a rate ( Q )through
a cylinder of cross-sectional area (A) packed
with sand and having manometer (which Is small
open tubes) as shown In figure.




Datum (z=0)

Schematic illustrating steady flow through a sand sample. The manometers
measure heads h1and h2 at locations 1 and 2 within the column.




AL = 2JrﬂJrzer ph 1
Yy 23 24

P=pressure, ¥ = specific weight of water
V=velocity of flow, g=acceleration of gravity Z= elevation, Ah=head loss

Because the velocities in porous media are usually low, velocity heads may be

neglected ( ;—; = 0) without appreciable error



Ah= (T +21) = (5 +22) e —

Therefore, the resulting head loss is defined as the potential loss
within the cylinder

Now, Darcy measurements show that the proportionalities:

OxAh, Qo — 3.1)

As



Expressed in general terms where As=Al" *
Q=KA dh\dl ..............4 *

Or simply =

V=Q/A=K dh\dl ...................5 *
Where:

dh\dl = hydraulic gradient =
V=darcy velocity or specific discharge ( the volumetric
flow rate per surface area of sample)



Void Space

“Porosity” = 0.5 Porosity = 0.5



rcy’s law holds when groundwater velocities ar

and not turbulent. Turbulent flow is characterized by chaotic eddies, like in the atmosphere
or a flowing stream. Figure 3.8 illustrates these types of flow. A measure of whether a flow
tends toward laminar or turbulent behavior is the Reynolds number Re, a dimensionless

parameter used in fluid mechanics:

_pvd
M

R,

(3.10)

Where p is the fluid density, v is its velocity, u is the dynamic viscosity of the fluid, and
d is a characteristic length such as mean pore diameter or mean grain size.

Figure 3.8 Flow paths —
in a laminar flow (left) >
and in a turbulent flow

(right).

concludes from experimental data that if Re is less than some value between 1 and 10,
flow in granular media is laminar, and Darcy’s law applies. Turbulent flows develop in
media with large pores and high groundwater velocities. Such conditions occurin
extremely coarse granular materials like in karst limestone and dolomite rock, in large
fractures in crystalline rock, and in volcanics with flow tubes and other large pores.




dh

S P RT
v ds l

S=is the distance along the average
direction of —

flow
In anisotropic porous medium where /

permeable which vary with flow direction. z

The velocity components in rectangular coordinate system may be given by:-

dh dh
k .'{E: ah Uz — kz_ ......... 2
31‘ Yy y@y 0z



in homogeneous aquifer where the permeability is the sam ection so:-

dh dh ah 3
= k — . = .IC - 1?2 .........
o dx ¥ dy 0z
In hydrodynamic the velocity potential ¢ is (a scale or
function) of space and time such that it’s a negative
derivative with respect to any direction is the fluid velocity
in that direction



This means that a velocity potential exists for ground water flow.

In steady state flow

All ground water flow must satisfy the equation of continuity, which in general form:

a'l:ﬂ'“'jf} a{pl‘:‘y} a‘:.ﬂ'ﬂz}] _ ﬂ_,r:l'
dx dy dz dt

Where : p=fluid density, t=time

_I_



dx oy dz
By substituted eq.5 in eq.7

@Ecb acb acb

- @y ﬂz =0 eeereeeenn. 8 (laplace equation)

Replacing ¢=-kh leads to

azh 2 2
Oh O R ig or VPR =0

(general partial differential equation for steady state flow in
homogeneous isotropic media)



S
ap=220p 11

By inserting this equation in the continuity equation .6 we got

9(pvy) | 9(pvy)  9pvo)| _pS 9p

=—.— ... 12
dx dy dz by 0Ot

This equation may be expanded and values of velocity
components from eq. 3 inserted to give:



azh azh ﬂzh 5 0
2o T =2 14

laplace equation for partial differential equation for unsteady
flow of water in compressible confined of uniform thickness b
, or in grad uniform

S dh

V'h==—— ....... 15
T ot



