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QUESTION 1

total (hydraulic)head = elevation head + pressure head

(pressure head: varying density fluids – important in contamination 
or salinity)
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HEAD LOSS IN POROUS MEDIA

• Energy is lost in the flow through the porous medium due to friction 

• Energy equation Bernoulli eq.)

• Neglect velocity terms

• Flow is always from higher head to lower head
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LAMINAR and TURBULENT flow

• laminar – particles of liquid move at parallel paths
• turbulent – motion of particles of liquid: irregular and
inordinate, fluctuations of velocity vector in time and
space, mixing inside flow
• Criterion – Reynolds number

v - velocity

d10 = effective grain size diameter

CRITICAL REYNOLDS NUMBER 

for groundwater flow Refcr = 1

The Reynolds number can be used as a 
criterion to distinguish between laminar 
and turbulent flow:

𝐑𝐞𝒇 =
𝒗𝒅𝟏𝟎

𝝁

A sieve analysis (or gradation test) is a 
practice or procedure used (commonly 
used in civil engineering) to assess the 
particle size distribution (also called 
gradation) of a granular material by 
allowing the material to pass through a 
series of sieves of progressively smaller 
mesh size and weighing the amount of 
material that is stopped by each sieve as a 
fraction of the whole mass...
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Grain size curve
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DARCY’S LAW

• Water flow through an aquifer. 

• Darcy's law (conservation of momentum) was determined 
experimentally by Darcy, it can be derived from the Navier-
Stokes equations

• Analogous to Fourier's law, Ohm's law, or Fick's law

• Darcy's law (conservation of momentum) and the 
continuity equation (conservation of mass) are used to 
derive the groundwater flow equation
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Darcy’s Experimental Data

Henry Darcy 1856

Experimental equipment

DARCY’S LAWQUESTION 2
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DARCY’S EXPERIMENT
• Flow through sand 

filters

• Discharge (Q) 
proportional to 

– Area, A

– Head drop, h1-h2

– Inverse of length, L
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q (v)

−∇ℎ 

Re = 10

Re = 1

Experiment 
shows this

a

tan-1(a)= (1/K)

Darcy Law 
predicts this

VALIDITY OF DARCY’S LAW

Re = 100

where a = 1/K

Ref (0  1) – Darcy eq. is valid

𝑰 = 𝒂𝒗

Ref (1  10)  Darcy eq. is also valid

Ref (10  100) - Nondarcian flow (Darcy eq. is not valid)

𝑰 = 𝒂𝒗 + 𝒃. 𝒗𝒎

where m = 1,6 ÷2,0

Ref >100    turbulent flow (Darcy eq. is not valid)

𝑰 = 𝒃 𝒗𝟐

𝒗 = −𝑲 𝑰(I)
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• DARCY VELOCITY vD is a fictitious velocity since it assumes that flow occurs across 
the entire cross-section of the sediment sample. Flow actually takes place only 
through interconnected pore channels (voids), at the seepage velocity vs

• Effective porosity, nef for

ACTUAL GROUNDWATER VELOCITY (seepage velocity) - vs

A = total area
Av voids

𝒗𝑫 = 𝒏𝒆𝒇𝒗𝑺
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