
Open-Channel-Flow Formulae 
 

Friction formulae: 

 Chézy: 𝑉 = 𝐶√𝑅ℎ𝑆 

 Manning: 𝑉 =
1

𝑛
𝑅ℎ

2/3
𝑆1/2 

 

 

Sequent depths for a hydraulic jump: 

ℎ𝐵 =
ℎ𝐴

2
(−1 + √1 + 8 Fr𝐴

2) 

 

Gradually-varied flow equation: 

dℎ

d𝑥
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𝑆0 − 𝑆𝑓

1 − Fr2
 

 

 

Wave Formulae 
 

Density of fresh water: 1000 kg m–3;   sea water, 1025 kg m–3 

Gravitational acceleration: 𝑔 = 9.81 m s–2 

 

Linear Wave Theory 

 

For a surface elevation: 𝜂 = 𝐴 cos(𝑘𝑥 − 𝜔𝑡) 

Dispersion relationship: (𝜔𝑎 − 𝑘𝑈0)2 = 𝜔𝑟
2 = 𝑔𝑘 tanh 𝑘ℎ 

Velocity potential: 𝜙 =
𝐴𝑔

𝜔

cosh 𝑘(ℎ + 𝑧)

cosh 𝑘ℎ
sin(𝑘𝑥 − 𝜔𝑡) 

Velocity: 𝑢 =
𝜕𝜙

𝜕𝑥
           =

𝐴𝑔𝑘

𝜔

cosh 𝑘(ℎ + 𝑧)

cosh 𝑘ℎ
cos(𝑘𝑥 − 𝜔𝑡) 

 𝑤 =
𝜕𝜙

𝜕𝑧
           =

𝐴𝑔𝑘

𝜔

sinh 𝑘(ℎ + 𝑧)

cosh 𝑘ℎ
sin(𝑘𝑥 − 𝜔𝑡) 

Pressure: 𝑝 = −ρ𝑔𝑧 − 𝜌
𝜕𝜙

𝜕𝑡
          = −𝜌𝑔𝑧 +   𝜌𝑔𝜂

cosh 𝑘(ℎ + 𝑧)

cosh 𝑘ℎ
 

Phase velocity: 𝑐 =
𝜔

𝑘
 

Group velocity: 𝑐𝑔 ≡
d𝜔

d𝑘
= 𝑛𝑐 ,         𝑛 =

1

2
[1 +

2𝑘ℎ

sinh 2𝑘ℎ 
] 



Energy density: 𝐸 =
1

2
𝜌𝑔𝐴2      =

1

8
𝜌𝑔𝐻2 

Wave power: 𝑃 = 𝐸𝑐𝑔      =
1

8
𝜌𝑔𝐻2(𝑛𝑐) 

Snell’s Law: 
sin 𝜃1

𝑐1
=

sin 𝜃2

𝑐2
               or                𝑘1 sin 𝜃1 = 𝑘2 sin 𝜃2 

Shoaling: (𝐻2𝑛𝑐 cos 𝜃)1 = (𝐻2𝑛𝑐 cos 𝜃)2 

 

(In these formulae, θ is the angle between wave crests and the depth contours, or between the 

wave rays and the normals to the depth contours.) 

 

 

Wave Breaking 

Miche breaking criterion: (
𝐻

𝐿
)

𝑏
= 0.14 tanh(𝑘ℎ)𝑏 

Breaker height index: Ω𝑏 ≡
𝐻𝑏

𝐻0
= 0.56 (

𝐻0

𝐿0
)

−1 5⁄

 

Breaker depth index: 𝛾𝑏 ≡
𝐻𝑏

ℎ𝑏
= 𝑏 − 𝑎

𝐻𝑏

𝑔𝑇2
 ,      𝑎 = 43.8(1 − e−19𝑚),     𝑏 =

1.56

1 + e−19.5𝑚
 

Surf-similarity parameter: 𝜉0 =
𝑚

√𝐻0/𝐿0

            or           𝜉𝑏 =
𝑚

√𝐻𝑏/𝐿0

  

 

 

Random Waves 

Rayleigh distribution: 𝑃(height > 𝐻) = exp [− (
𝐻

𝐻rms
)

2

] 

Bretschneider spectrum: 𝑆(𝑓) =
5

16
𝐻𝑠

2
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4

𝑓5
exp (−

5

4

𝑓𝑝
4

𝑓4
) 

JONSWAP equations: 
𝑔𝐻𝑠

𝑈2
= 0.0016 (

𝑔𝐹

𝑈2
)

1 2⁄

    < 0.2433 

 
𝑔𝑇𝑝

𝑈
= 0.2857 (

𝑔𝐹

𝑈2
)

1 3⁄

    < 8.134 

 
𝑔𝑡min

𝑈
= 68.8 (

𝑔𝐹

𝑈2
)

2 3⁄

    < 7.15 × 104 

 


