
Elemental control volume
https://www.youtube.com/user/MartinRHendriks/videos

𝜕𝑞𝑥

𝜕𝑥
=  the rate in which 𝑞𝑥 changes with x

𝜕𝑞𝑥

𝜕𝑥
∆𝑥 = total change over the section ∆𝑥



Inflow - Outflow - Net inflow
https://www.youtube.com/user/MartinRHendriks/videos

𝑄𝑖𝑛 = 𝑞𝑥∆𝑦∆𝑧 + 𝑞𝑦∆𝑥∆𝑧 + 𝑞𝑧∆𝑥∆𝑦

𝑄𝑜𝑢𝑡 = 𝑞𝑥 +
𝜕𝑞𝑥
𝜕𝑥

∆𝑥 ∆𝑦∆𝑧 + 𝑞𝑦 +
𝜕𝑞𝑦

𝜕𝑦
∆𝑦 ∆𝑥∆𝑧 + 𝑞𝑧 +

𝜕𝑞𝑧
𝜕𝑧

∆𝑧 ∆𝑥∆𝑦

𝑄𝑖𝑛 = 𝑞𝑥∆𝑦∆𝑧 + 𝑞𝑦∆𝑥∆𝑧 + 𝑞𝑧∆𝑥∆𝑦

Net inflow: 𝑄𝑖𝑛 − 𝑄𝑜𝑢𝑡 = −
𝜕𝑞𝑥

𝜕𝑥
+

𝜕𝑞𝑦

𝜕𝑦
+

𝜕𝑞𝑧

𝜕𝑧
∆𝑥∆𝑦∆𝑧



Continuity equation
https://www.youtube.com/user/MartinRHendriks/videos

𝑄𝑖𝑛 = 𝑞𝑥∆𝑦∆𝑧 + 𝑞𝑦∆𝑥∆𝑧 + 𝑞𝑧∆𝑥∆𝑦

Net inflow: 𝑄𝑖𝑛 − 𝑄𝑜𝑢𝑡 = −
𝜕𝑞𝑥

𝜕𝑥
+

𝜕𝑞𝑦

𝜕𝑦
+

𝜕𝑞𝑧

𝜕𝑧
∆𝑥∆𝑦∆𝑧

Continuity equation: −
𝜕𝑞𝑥

𝜕𝑥
−

𝜕𝑞𝑦

𝜕𝑦
−

𝜕𝑞𝑧

𝜕𝑧
= 0

Steady-state flow:

Τ𝜕𝑣 𝜕𝑡 = 0

Continuity: net inflow = change of storage = 0



Continuity and Darcy’s law
https://www.youtube.com/user/MartinRHendriks/videos

𝑄𝑖𝑛 = 𝑞𝑥∆𝑦∆𝑧 + 𝑞𝑦∆𝑥∆𝑧 + 𝑞𝑧∆𝑥∆𝑦

Continuity equation: 

𝑞𝑥 = −𝐾𝑥
𝜕ℎ

𝜕𝑥

𝑞𝑦 = −𝐾𝑦
𝜕ℎ

𝜕𝑦

𝜕

𝜕𝑥
𝐾𝑥

𝜕ℎ

𝜕𝑥
+

𝜕

𝜕𝑦
𝐾𝑦

𝜕ℎ

𝜕𝑦
+

𝜕

𝜕𝑧
𝐾𝑧

𝜕ℎ

𝜕𝑧
= 0

𝑞𝑧 = −𝐾𝑧
𝜕ℎ

𝜕𝑧

Darcy’s law:

−
𝜕𝑞𝑥
𝜕𝑥

−
𝜕𝑞𝑦

𝜕𝑦
−
𝜕𝑞𝑧
𝜕𝑧

= 0

steady-state flow:

Τ𝜕𝑣 𝜕𝑡 = 0



Laplace equation
https://www.youtube.com/user/MartinRHendriks/videos

𝑄𝑖𝑛 = 𝑞𝑥∆𝑦∆𝑧 + 𝑞𝑦∆𝑥∆𝑧 + 𝑞𝑧∆𝑥∆𝑦

𝜕

𝜕𝑥
𝐾𝑥

𝜕ℎ

𝜕𝑥
+

𝜕

𝜕𝑦
𝐾𝑦

𝜕ℎ

𝜕𝑦
+

𝜕

𝜕𝑧
𝐾𝑧

𝜕ℎ

𝜕𝑧
= 0

𝐾𝑥 = 𝐾𝑦 = 𝐾𝑧

homogeneous,
isotropic:

Laplace equation:
𝜕2ℎ

𝜕𝑥2
+
𝜕2ℎ

𝜕𝑦2
+
𝜕2ℎ

𝜕𝑧2
= 0



Laplacians
https://www.youtube.com/user/MartinRHendriks/videos

Laplace equation:
𝜕2ℎ

𝜕𝑥2
+
𝜕2ℎ

𝜕𝑦2
+
𝜕2ℎ

𝜕𝑧2
= 0

𝑑2ℎ

𝑑𝑥2
= 0

𝑑2ℎ2

𝑑𝑥2
= 0

𝑑ℎ

𝑑𝑥
= 𝐶1 ℎ = 𝐶1𝑥 + 𝐶2

𝑑ℎ2

𝑑𝑥
ℎ2 = 𝐶1𝑥 + 𝐶2= 𝐶1

confined:

unconfined:



Laplace and Boussinesq
https://www.youtube.com/user/MartinRHendriks/videos

Τ𝜕𝑣 𝜕𝑡 ≠ 0

steady-state flow:

Τ𝜕𝑣 𝜕𝑡 = 0

transient flow:

𝜕2ℎ

𝜕𝑥2
+
𝜕2ℎ

𝜕𝑦2
+
𝜕2ℎ

𝜕𝑧2
= 0

𝜕2ℎ

𝜕𝑥2
+
𝜕2ℎ

𝜕𝑦2
=

𝑆𝑦

𝐾ഥ𝐷

𝜕ℎ

𝜕𝑡
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