Folding foodstuff:  An experimental approach to viscous buckle folding
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Part I:  Measuring Viscosity

One means for measuring viscosity is to drop a heavy spherical object through a viscous fluid.  The forces acting on the sphere are:

Buoyancy
Viscous Drag
Gravitational Pull
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Where r is the radius of the sphere, ρf is the density of the fluid, g is the gravitational acceleration at the Earth’s surface (9.8 m/s2), η is the viscosity of the fluid, v is the velocity of the fluid moving past the sphere, and ρs is the density of the sphere.

The sphere will reach a terminal velocity at which point it has reached dynamic equilibrium.  The forces acting to pull the sphere down balance the forces acting to push the sphere up:


Fb+Fv=Fg (eq. 4).

Substituting equations 1-3 and rearranging we can solve for the viscosity of the fluid:
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 (eq. 5).
Procedure (These steps can be completed in any order):

1) Determine density of ball.  Be careful to record all units.

a. Measure the radius of your ball.  Calculate volume using the equation for the volume of a sphere (V=4/3πr3)

i. r =

ii. V =

b. Weigh your ball.

i. m =

c. Calculate the density of your ball.

i. ρs = m/V = 

2) The density of corn syrup is 1260 kg/m3
3) Determine the viscosity of the corn syrup

a. Calculate the terminal velocity of your steel ball falling through your corn syrup.  (Hint the most accurate way to measure the velocity is to shoot a short video of the ball sinking in the corns syrup with a meter stick for scale and then calculate the velocity from the distance traveled over a fixed number of frames video frame rate (30/sec)).

	# of frames
	Time (sec = frames *1/30)
	Distance (m)
	Velocity (m/s)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


b. Calculate the viscosity of corn syrup for each group’s measurements.

The standard deviation of a set of measurements can be calculated using the following formula.
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c. Calculate an average (
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) and standard deviation (sN-1) for the class viscosity estimates.  Report your average value ( 2sN-1.  This is approximately a 95% confidence interval.

Part II:  Viscous Folding

Viscous fold theory (e.g. Biot, 1961) predicts that folds will form at a regular interval due to positive interference between perturbations in the initial shape during layer-parallel shortening.  Perturbations of the dominant wavelength will grow through positive interference while other wavelengths will be canceled out.  The dominant wavelength (LD) is a function of the layer thickness (for a single layer in an infinite surrounding viscous material) and the viscosities of the layer and the surrounding material:
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 (eq. 6).

Where t is the thickness of the layer, ηo is the viscosity of the surrounding medium, and η is the viscosity of the layer.

We will investigate this relationship using analog materials – corn syrup and fruit leather.

Procedure:

1) Measure the thickness of a single layer of fruit roll using calipers.

2) Clip a weight onto the bottom of your fruit leather.

3) Slowly insert your fruit roll strip into a corn syrup filled cylinder.

4) Slowly push down on your fruit strip after it makes contact with the base of your cylinder to generate folds.

5) Record the half arc lengths of any folds in your bottle (peak to trough along the fruit leather surface). Use an Excel spreadsheet with the following columns for each experiment
	Thickness
	Half arc lengths
	Group


6) Compile all class data.  Calculate an average LD for each experiment.

7) Plot LD average vs. Thickness for all experiments on a graph.  What is the relationship between these variables?

8) Rearrange equation 6 to calculate the viscosity of the layer when the surrounding material viscosity is known.

9) Calculate the viscosity of fruit leather from each of the folding experiment as well as an average and standard deviation.
Additional Problem:

1) The same technique we used in the first half of the lab can be used to calculate the flow velocity of a magma that transports xenoliths to the surface.  For magma to lift xenoliths to the surface its velocity must exceed the equilibrium velocity we calculated in part I above.  The terminal velocity thus represents a minimum ascent velocity for the magma.

Roughly spherical peridotite xenoliths were erupted in 1801 at Hualalai Volcano, Hawaii.  The xenoliths have densities of ~ 3200 kg/m3 and maximum diameters of ~50 cm.  The magma is estimated to have a density of 2600 kg/m3 (Guest et al., 1995).  Assume a basaltic viscosity of 10 PaS (Turcotte and Schubert, 2003)

a. Calculate the minimum ascent velocity of the magma required to lift the xenoliths (i.e. to prevent them from sinking).

b. Calculate how long (in seconds) it would take for the magma to ascend from the base of the lithosphere (100 km).

c. Our method assumes a Newtonian fluid (no strength).  Qualitatively, what effect would magma strength have on the results of your calculation? (Hint sketch the free-body diagram and think about the direction that the strength would act on the xenoliths).
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