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Long-Wave Speed on Shallow Water

Continuity:
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Long-Wave Speed on Shallow Water

𝑐2 = 𝑔ℎ(1 +
1

2

δℎ

ℎ
)(1 +

δℎ

ℎ
)

h

h
c

V2still
water

• The bigger the amplitude (δℎ)  the faster the wave (𝑐).

• Small-amplitude limit (δℎ/ℎ →  0): 𝑐 = 𝑔ℎ
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=

water speed

wave speed
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Zone of Influence

If 𝑉 < 𝑐, waves can travel upstream.

Downstream conditions can influence
the flow upstream.

V

Subcritical (𝐅𝐫 < 𝟏)

Supercritical (𝐅𝐫 > 𝟏)

If 𝑉 > 𝑐, waves are swept downstream.

Downstream disturbances can not influence
behaviour upstream.

Zone of influence:
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Example

A pencil point piercing the surface of a wide rectangular 
channel flow creates a wedgelike 25° half-angle wave, as in 
the figure. If the channel has a Manning’s 𝑛 of 0.014 m–1/3 s 
and the depth is 350 mm, determine:
(a) the Froude number;
(b) the critical depth;
(c) the critical slope.
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A pencil point piercing the surface of a wide rectangular channel flow creates a wedgelike 
25° half-angle wave, as in the figure right. If the channel has a Manning’s 𝑛 of 0.014 m–1/3 s 
and the depth is 350 mm, determine:
(a) the Froude number;
(b) the critical depth;
(c) the critical slope.

𝛼 = 25°

𝑛 = 0.014 m− Τ1 3 s

ℎ = 0.35 m

sin 𝛼 =
1

Fr
Fr =

1

sin 25°
= 𝟐. 𝟑𝟔𝟔
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𝑞 = 𝑉ℎ

𝑞 = 𝑉ℎ Fr ≡
𝑉

𝑔ℎ

𝑉 = Fr 𝑔ℎ = 4.384 m s−1

= 1.534 m2 s−1

= 𝟎. 𝟔𝟐𝟏𝟑 𝐦

Want 𝑆 such that ℎ𝑛 = ℎ𝑐(= 0.6213 m)

𝑞 = 𝑉𝑛ℎ𝑛 𝑉𝑛 =
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= 𝟐. 𝟐𝟓𝟒 × 𝟏𝟎−𝟑
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Analogy With Compressible Flow

Ratio of flow velocity to wave speed

Zone of Influence

Discontinuity

Choked flow

Froude number:

Mach number:

Fr =
𝑉

𝑐

Ma =
𝑉

𝑐

𝑐 = 𝑔ℎ

𝑐 = 𝛾𝑝/𝜌 = 𝛾𝑅𝑇

Wedge-shaped region of surface waves

Mach cone

Hydraulic jump

Normal shock

Venturi flume

Transonic nozzle



Mach Cone



Choked Flow

Fr = 1 Fr > 1Fr < 1 Fr < 1

hydraulic jump

Ma = 1 Ma > 1Ma < 1 Ma < 1

normal shock

Venturi flume

Transonic nozzle



Choked Flow
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