Geology 103



         



Fundamentals of fluid flow

Lecture #3





      
Reading: Boggs, 5th ed., pp. 19-31
Introduction:

Today: we will talk about grain transport, erosion, deposition

How do particles behave in moving fluids?19-31
I) Properties of a fluid

- Ask class: name some natural fluids



air, crude oil, natural gas, 


also: water with suspended material

- Definition: Fluid: is able to change shape continuously and easily without separating

- Fluids are defined by 2 physical properties:


A) Fluid Density (()= rho (pronounced “row”)


Definition: fluid density (() = mass per unit fluid volume


- Common units: gms/ml


- Density of pure water at STP = 1.0000


- Density increases as fluid temperature decreases


- Denser fluids can transport more material (sediment), flow downhill faster


- So: density describes the ability of the fluid to transport sediment


B) Fluid viscosity (μ): mu  (pronounced “mew”)


- In geology: we use Dynamic (molecular) viscosity (µ): a measure of the 



resistance of the fluid to changes in shape that take place at a constant 



speed


- Dynamic viscosity describes the ability of a fluid to flow



- Fluids with low viscosity: flow easily (ex: air, water, alcohol, other gases)



- Fluids with high viscosity do not flow easily (ex: water, oil, tar, ice ...)



- With most natural fluids: viscosity increases as temperature decreases


- Some fluids have a high resistance to changes in shape (high 





dynamic viscosity)



- Other fluids have a low resistance to changes in shape (low dynamic viscosity)

See Figure 2.1.1 from Boggs, 5th edition, p. 20
- Shows one (upper) plate moving past a stationary (lower) plate, with a fluid in between the plates



- Fluid is subjected to lateral shear stress



- At the lower boundary: fluid is barely moving



- Higher in the fluid layer: fluid velocity (μ) increases

Background information:


- Shear force (Т) applied to the top plate.



- Shear stress =  the force that produces a change in velocity (du) relative to a 



change in height  (dy)



- Dynamic viscosity (µ) = ratio of shear stress to du/dy


C) Kinematic viscosity (ν): pronounced “nu”


- Combines density and viscosity terms



- Since fluid flow is related to both factors, they are often combined into

one term



- ν = dynamic viscosity (µ)



 fluid Density (()



- We will use kinematic viscosity (ν) : when we talk about Reynold's

numbers (below)
II) Laminar vs. turbulent flow:

- Fluids can move in 2 different modes:



laminar or turbulent
See Figure 2.1 from Boggs, 5th ed., p. 21

- Depends on the velocity and viscosity of the fluids


A) Laminar flow:



- Occurs when the fluid moves in parallel sheets- called streamlines


- Laminar flow is rare in nature


- Individual particles (molecules) are transported parallel to the direction 




of fluid flow



- Fluid velocity measured at a given point stays constant with time


B) Turbulent flow:



- Is the common mode of flow in moving surface water (rivers and streams)


- Fluid doesn't move in sheets



- Individual particles (molecules) have irregular, random motion



- Fluid velocity at a given point changes with time



- There is a strong vertical component of particle movement



- A turbulent fluid: 




can carry larger particles




can erode sediment more effectively




keeps particles in suspension longer


C) Reynolds number:
- A number that geologists use to predict the boundary conditions between turbulent and laminar flow


- Is related to flow velocity, water depth and kinematic viscosity (ν)


- Re = UL

or

Re = UL(



ν




μ




 
where U = mean velocity of flow






L = water depth






Kinematic viscosity (ν) = dynamic viscosity (µ)   








      

fluid density (()


- Note: Re is dimensionless



- In general: as fluid becomes more viscous (µ increases), the Reynolds 




number decreases:

Ex:
Re  (  1/μ 

so: higher μ  produces lower Re (laminar flow)

R  ( U, L, (

so: higher U, L, or ( produce higher Re (flow is more likely to be turbulent)



- If Reynolds number < 500-2000, flow is laminar


- This occurs with viscous mudflows and ice, OR very shallow water depths

(top of a bar form) OR very low flow velocity (ground water flow) OR some lava flows


- If Reynolds number is between 500-2000, flow is transitional


- If Reynolds number > 500-2000, flow is turbulent


- This occurs with fluids of normal viscosity, normal water depths


- Aside: in ground water systems, flow may be laminar at Re ~ 10 !!!


D) Viscous sublayer:


- A boundary layer where molecular forces take over



- Creates a layer near the water/bed interface that behaves as if it is laminar



- Layer is usually very thin



- The point: flow properties also vary WITHIN the water column

- Very top and very bottom of the water column may have a narrow boundary zone of laminar flow

III) Particle entrainment and settling:

- We have looked at the properties of the fluid


- Now: will look at fluid flow from the perspective of an individual grain:


- If a sand is grain sitting on the bottom of a stream, what kind of fluid 




interaction make the grain move?


- Under what conditions will the grain settle?


- These relationships are described mathematically

A) Particle entrainment:



- Think about an individual grain sitting on the bottom of a stream
See Figure 2.2 from Boggs, 5th ed., p. 25


- A tug of war occurs:


1) gravitational forces (Fg) cause the grain to settle


2) drag force (FD) and lift force (FL) from the fluid cause the grain to rise


3) fluid force (Ff) = the resultant


- Lift force occurs as the fluid streams over the grain: acts like an airplane 




wing (note velocity vectors in 2.2b)



- Now: we can apply this to grain transport:


B) Hjulstrom curve:



- This relationship is plotted for particles of different sizes on a Hjulstrom

curve
See Fig. 2.3 from Boggs, 5th ed., p. 26


- An application of this theory to grain transport

- In general: faster moving water has a higher Ff (shear stress), moves larger grains

- Hjulstrom curve: describes the critical threshold necessary for grain movement, particle entrainment



- This curve is empirically determined


- Conditions for the Hjulstrom curve:




- works for quartz grains (a particular density)




- works for water 1 meter deep


- Top part of the diagram: shows conditions where grains are eroded, 




carried by the fluid (suspended load)


- Bottom part of the diagram: shows conditions where grains are deposited




(bed load or non-motion)
Note: clays don't behave like other grains


- You would expect that it wouldn't take much of a current to erode, 



move a fine clay particle



- But: clays are cohesive (sticky):




- although individual grains are small, they stick together



- It takes a higher than expected current velocity to erode, move 





clay particles


B) Particle settling:


- Now: will look at the other side of the picture



- What forces cause a grain to settle, how do we describe this 





mathematically?



- Settling velocity: is described by Stoke's Law:



- Settling velocity is related to:




viscosity of the fluid, size shape and density of the particles


- There are upward and downward forces with settling:



upward forces: 
from buoyancy of the fluid







from viscous resistance to falling



downward force: 
gravity


- Formula for grain settling = Stokes Law:





V = 1  ((s - (f) g d2



      18      µ







where: 


V = settling velocity of the grain









(  s = density of the grain









( f = density of the fluid









g =  acceleration due to gravity









d =  diameter of the grain








µ =  dynamic viscosity


- With this formula: you can calculate the velocity of a falling grain



- Simplifying:





V = CD2







where:









C = a constant









D = diameter of the grain, in cm




IV) Particle transport by moving fluids


- Moving fluids have several mechanisms to move particles (grains)


A) Bedload transport



1) Traction:

See Fig. 2.4 from Boggs, 5th ed., p. 29



- From shearing forces




- Includes rolling, sliding



2) Saltation




- grains hop into the fluid, then settle back down


B) Suspended load transport



- May be intermittent or  continuous


- Turbulent (upward) forces are stronger than gravitational forces



- 3 terms for different environments:




1) Washload: transported by water (usually rivers, although same 





process operates in lakes, ocean systems)




2) Dustload: transported by wind




3) Ice transport

