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Flume Design, Construction, and Repair:

The original flume was built in 1987 for under $15,000 by two geology majors, with the assistance of Paul Nevergold, the department’s technical support specialist and Jill Singer. The walls were constructed of 1/2” Plexiglas supported by a frame mounted on top of 1” plywood and two I-beams.  Once the flume (approximate dimensions in feet: 20 x 1 x 1.75) was filled to its desired depth, water was pumped through a 7.5 hp pump mounted below the tank. Velocities were controlled by two butterfly valves connected to 6” diameter PVC pipes. With depths of 10-12”, the maximum velocity was under 40 cm/sec. [Note: mixed units are given because the plans show engineering units; students in sedimentology using the flume for class demonstrations measured velocity in cm/sec using a Marsh-McBirney portable current meter. Diagrams in sedimentology generally use metric units.]  Turbulence was generated at the end of the flume where water entered the tank through two pipes and a series of grates were placed within the first stretch of the flume to reduce turbulence.  The grates slowed velocities, and eventually we abandoned the use of the grates.  

Over the years, leaks developed between the joined sections of Plexiglas, but other than the leaks, the operation of the flume was trouble-free.  Rather than start again, it made more sense to rebuild the flume.  This opportunity also allowed us to make some minor design changes as well. The rebuilding of the flume was undertaken in 2003 by three mechanical engineering technology majors enrolled in a capstone design course, ENT422, Machine Design II. Before modifying the flume, the students evaluated construction materials, construction costs, maintenance, and performed a stress analyses for each design option considered.  The budget for repairing and modifying the flume was under $3000. The original flume had ratchet screw jacks for adjusting the slope of the flume (up to 60).  The modified flume replaced the jacks with a fixed slope of 30 to avoid leaking problems associated with raising/lowering the flume.

The students the repaired the flume removed the Plexiglas walls and most of the old PVC piping.  The support platform was then modified to accommodate the redesigned new tank, frame, and piping (flume_diagram.jpg).  A new valve mechanism was also installed to facilitate draining and cleaning of the flume. A view of the re-built flume is seen in flume_tank.jpg. 

Flume Demonstrations:

Preparation of the flume – For demonstrations 1-3, fill the flume to a depth of 12-15” with room temperature water. Demonstration 1 does not require the addition of any bed material, demonstrations 2 and 3 require the addition of bed material.  Sand-sized material is generally used, and gravel may be added as desired.  A sediment thickness of several inches (10 cm) is sufficient, and can cover all or part of the length of the flume.  To observe flow streamlines, ink dye is introduced by a dropper or syringe. Velocity is measured using a Marsh-McBirney portable current meter (records velocity in m/s and ft/s).

Demonstration 1: Part 1-Introduction to the flume

Procedure: Students learn about the use of laboratory flumes to model fluid behavior, measure critical threshold velocity, create bedforms and bedform migration, and model the behavior of fluids of different densities.  Questions posed to students require them to consider the differences between fluvial channels and laboratory flumes. This usually results in the consideration of such differences as: bed characteristics, channel geometry, scaling, and the ability to control such things as water depth, velocity, and bed composition.  

Demonstration 1: Part 2-Laminar and turbulent flow
Procedure: The second part of this activity focuses on the flow behavior and the transition from laminar to turbulent flow. In-class lectures introduced students to basic fluid properties (density, viscosity, and dynamic viscosity), velocity profiles, Reynolds number, and what factors tend to suppress/produce fluid turbulence.  Starting at low current velocities (<5 cm/sec), students add ink dye to define the streamlines. This is repeated at velocity increments of 2-3 cm/sec until turbulent flow is observed.  Students draw what they observe, and also note the velocity for each sketch.  The current meter is set for continuous readings, so students also note the variability of velocity at any given point in the flume as the degree of turbulence increases.  

Back in the classroom, students sketch what they observed in the flume on the board and a wrap-up discussion takes place. This includes discussing the use of the time-averaged velocity in velocity profiles for turbulent flow and why higher shear stress is required to deform fluids undergoing turbulent flow (students were introduced in an earlier class to the relationship among rate of fluid deformation, shear stress, and viscosity).  

Note: Diagrams showing streamlines for the transition from laminar to turbulent flow can be found at: <www.eng.man.ac.uk/Mech/nerg/image/LtoTurb.jpg>.
Demonstration 2: Determination of critical threshold velocity
This demonstration follows in-class discussion of: forces that hold grains on a bed and forces that act to lift the particle from the bed; modes of sediment transport (bedload vs intermittent suspension/suspension); and the Hjulstrom and Shields Diagrams and how each were developed (field and experimental data).  Students learn about the limitations of the Hjulstrom Diagram, despite its wide use in environments with variable viscosities and water depths greater than 1m.  ‘Particle races’ are a fun in-class activity to help students understand how and why sorting of sedimentary deposits can increase with increasing distance from the source area.  Students acting as particles carried in traction roll or slide along the floor (Hint: do this after the floors have been cleaned), those in saltation take short hops, students in intermittent suspension take long hops, and students simulating suspension transport run down the hallway. The outcome of the race is pretty obvious from the start, but doing this has the advantage of helping students conclude this for themselves, rather than simply being told. After covering these topics in-class, the class heads down for the flume demonstration.

Procedure: The flume is filled with water and a layer of sand has been added to the bed.  The velocity is increased incrementally from <5 cm/s to over 30 cm/s.  Depending on the size of the sand in the bed, grains begin to move between 12 and 18+ cm/s. Students note that initially only a few grains move, but with the next velocity increment, grain motion becomes more common.  Discussions that take place during and after this demonstration are related back to the topics covered previously in-class (e.g., what the different fields on the Hjulstrom and Shields diagrams represent; why higher velocities are required to entrain courser particles and very fine (clay-sized) particle.

Demonstration 3: Formation and migration of current ripples
This demonstration can immediately follow demonstration 2 (same class period), or as a stand-alone activity. It is best done after students have been introduced to the formation and classification of sedimentary bedforms, how ripples migrate, and the stability diagrams for plane beds, ripples, dunes, and antidunes.

Procedure: Fill the flume to a depth of 12-15” and place a layer of sand along the floor of the flume. Increase the velocity in the flume above the critical threshold velocity until the stability field for ripples is reached.  Students note how grains move up the stoss side of ripples and cascade/avalanche down the lee side. As velocity in the flume increases, they also measure the rate of ripple migration. The last part of this demonstration involves draining water in the flume to a depth of ~6”. This increases the velocity to >40 cm/s. Depending on the sand placed in the flume, this may be sufficient to flatten the ripples and we have successfully produced antidunes (a rare event for our flume).

This demonstration concludes by students discussing the succession of bedforms, the role of water depth and velocity in producing bedforms and why the formation of antidunes does not occur under normal (low energy) flow conditions.

Note: A website with excellent videos showing the formation and migration of bedforms is maintained by Paul Heller, Professor of Geology, University of Wyoming. The url is:

<faculty.gg.uwyo.edu/heller/sed_video_downloads.htm>

Demonstration 4: Generation of a turbidity current

This demonstration follows in-class lectures about the differences between particle transport by fluids and sediment gravity flows and the different types of sediment gravity flows. In GES 300, the focus is on debris flows and turbidity currents. The students are assigned to read “LA Against the Mountains” in John McPhee’s Control of Nature and watch a .ppt presentation (link: LA vs the Mountains.pps). They also watch the open file video produced by the USGS showing high and low viscosity debris flows.  The equations used to describe what forces must be overcome to initiate debris flows and turbidity currents are explained, so students should be familiar with the role that slope and density contrast play in the initiation of turbidity currents. They get a preview of the flume demonstration (scheduled for the next class) and asked to consider ways to produce a density contrast in the flume.

Procedure: The flume is filled to a depth of 8” with warm (not hot) water. A thin sheet of acrylic is positioned at the upper end of the sloping flume so that the mixture poured into the ‘reservoir’ does not immediately start to move down the flume.  Students pour 2-3 gallons of chilled white milk into the reservoir (TC_milk.jpg), lift the acrylic sheet, and watch as the turbidity current quickly takes form.  The velocity of the turbidity current is slow enough for students to readily observe the development the head/neck, body, and tail.  Turbulence is greatest in the head/neck area (TC_head-neck.jpg) and lowest in the thinner body (TC_head-body.jpg).  The first turbidity current is the best, but we continue to generate more turbidity currents by using more white milk and/or 2-3 gallons of chocolate milk. The chocolate milk is denser than the white milk, so this forms an underflow and students can see how the residual white milk is displaced upwards as the chocolate milk flows beneath it.  This is the students favorite flume demonstration. It may be due to the excitement of generating turbidity currents, dumping gallons of milk down a flume, or the cookies that are eaten during this demonstration.

Back in the classroom, students draw the parts of a turbidity current, noting where turbulence is greatest.  This helps reinforce the ideas discussed earlier (e.g., relationship between slope angle and density contrast, autosuspension and how this helps maintain the density contrast, and the characteristics of turbidity current deposits.)  This demonstration is very successful and >90% of the students answer exam questions about the initiation and appearance of turbidity currents correctly. Students are assigned to review debris flow and turbidity current video clips included on the website identified above (demonstration 3).

