Geology 103


                  Froude number, Flow regimes, bedform progression

Lecture #4





            Reading: Boggs, 5th ed.,  pp. 65-74
Today: We will talk about particle transport by moving fluids, and how larger features (beds, primary sedimentary structures) form
I) Froude Number (Fr):

- This concept was covered in the earlier reading (p. 27), but it applies to bedforms and 


bedform progression that we will cover today.


- This flow parameter explains how a fluid transmits surface waves, and is related to the 


forces that act on a moving fluid

- A ratio of inertial force (related to mass, velocity) to gravitational forces (related to g, 


depth):




Fr =   U  



         g L


Where: 
Fr = Froude number




U = mean flow velocity




G = acceleration due to gravity




L = water depth

- Simple application: if you throw a pebble in the water, will the ripples (waves) travel 


upstream?


- If  Fr < 1 waves can move upstream


This is called the Lower flow regime, and flow is described as:



Tranquil



Streaming 



Subcritical flow



(these occur in a progression)


- If Fr > 1, waves can’t move upstream



This is called the Upper flow regime, and flow is described as:




Rapid




Shooting



Supercritical




(these also occur in a progression)


- The application to bedforms:  Different features form on the bed (bottom of a stream) 


depending on the flow regime

II) Grain transport

A) How a ripple forms:



- With increasing flow velocity, grains migrate along bottom (bedload)



- Grains start to overtake each other, climb up the back of existing grains
See Figure 4.12 from Boggs, 4th ed., p. 86



- Ripples form first, but the same concept applies to larger bedforms

B) Parts of a ripple:



- Same terms that we use in physics to describe waves:




- wavelength




- waveheight



- lee side




- stoss side

See Figure 14 from Reineck and Singh, 1986, p. 23


- New terms:




- bottom set laminae




- fore set (or foreset) laminae




- stoss side laminae
III) Grain size / velocity relationships


A) Bedform progression with increasing velocity:



- This is an important environmental tool:

- May give an indication of flow conditions when the rock/sediment was deposited
See Figure 4.9 from Boggs, 4th ed., p. 83


- Different bedforms form as current velocity increases:


- First three are in lower flow regime (Fr <1)


- Water surface shows little disturbance


- Bedforms may not be in phase with surface water




1) Low velocity plane bed: individual grains move




2) Ripples: "a few"  cm high




3) Dunes: a few cm to 10’s of m high


- Last three (#4-6 below) are in the upper flow regime (Fr >1)


- Water surface has waves


- Bedforms are in phase with surface waves




4) High velocity plane (flat) bed: sheets of sand move




5) Antidunes (rarely preserved): 10’s of cm high



6) Chutes and pools (not preserved)

B) Bedform progression with changes in grain size:


- The sequence listed above isn’t always the same: depends on sediment size 



present

See Figure 4.20 from Boggs, 4th ed., p. 84



- Pick a grain size, and look for progression of bedforms as velocity increases:


- Note:  Froude number is on this diagram: marks upper vs. lower flow regime





- Silt progression as flow velocity increases:




ripples → upper plane bedding → antidunes



- Medium sand progression as flow velocity increases: 
low velocity plane bedding → ripples → dunes → high velocity plane bedding → antidunes → chutes and pools



note:  this is the complete bedding sequence!


- Gravel progression as flow velocity increases:




low velocity plane bedding → (dunes ?) → antidunes


- So: bedform progression is dependant on grain size present


C) Effects of water depth:



- Water also influences bedforms that can occur:

See Figure 4.11 from Boggs, 4th ed., p. 85 
Summary:  Bedforms occur in a predictable sequence, based on flow velocity, grain sizes present, water depth.

