




simplified
fluid surface profile

• in
• To study about

WHAT is



• Incompressible

density is constant

WHEN to apply



𝜕𝜌

𝜕𝑡
+ 𝛻 ⋅ 𝜌𝒖 = 0

𝜕 𝜌𝒖

𝜕𝑡
+ 𝛻 ⋅ 𝜌𝒖𝒖 =  𝑆 𝐹

𝛻 ⋅ 𝒖 = 0

𝒖 =
𝑢
𝑣
𝑤
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𝑧𝑠

𝑧𝑏

Water surface

Water bed

ℎ = 𝑧𝑠 − 𝑧𝑏

Reference line

𝑥

𝑧
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1. Gravity force

4. Frictional force between the flow and bed

5. Wind stress

6. Atmospheric pressure gradient

Body Forces
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𝑝𝑎
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𝑝𝑏

𝜏𝑏𝑥

𝜏

𝜎

Atmospheric pressure

Wind stress (x-comp) Bottom friction (x-
comp)

Hydrostatic pressure

 𝑢
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𝜕𝑈

𝜕𝑡
+ 𝛻 ⋅  𝐹 𝑈 +  𝑆 𝑈 = 0

𝑈 =
ℎ
ℎ𝑢
ℎ𝑣

 𝐹 = 𝐹𝑋 𝐹𝑌 =

ℎ𝑢 ℎ𝑣
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𝜕𝑦
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𝜌
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Pressure gradient due to 
variation of depth

Bottom topography

Atmospheric pressure 
gradient

Wind Stress

Bottom 
Friction
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second order steady

second order 
positivity in dry areas

rotational flow

results are close to second 
order 



second order 
irregular bathymetry

first order solved’ by using structured grid or 
grid adaptation technique



entropy satisfying
FV

energy 
stable FV

meshless without entropy consistency

Discontinuous 
Galerkin Method FV and FE 






