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Group 1, 2, 3, 4
Fall, 2013
Lab Experience with Settling Velocities

Due at the beginning of class on Tuesday, September 24
Part I.  Settling velocity and Reynolds Numbers

Materials:  

a) Graduated cylinders filled with dish liquid ( = 1.04, = 6.03 cm2 sec-1, =6.27 gm cm-1 s-1).  Cylinders are marked at 10 cm intervals from the liquid surface.

b) 2, 4, and 6 mm diameter borosilicate glass beads (s= 2.23).
c) Stop clocks.
Tasks/Questions to answer:

1. Measure the settling velocity (ws in cm/s) of the glass beads in dish liquid, repeating your measurements three times for each size.  Use the average settling velocity for each size to calculate the Reynolds number, RD= (wsD)/
	Particle diameter
	Settling velocity in cm/s

Trial 1
	Settling velocity in cm/s

Trial 2
	Settling velocity in cm/s

Trial 3
	Average settling velocity in cm/s
	Reynolds number
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	0.2 cm


	
	
	
	
	

	0.4 cm


	
	
	
	
	

	0.6 cm


	
	
	
	
	


2)  Plot your average results on the graph below.  Then, starting at the origin (0,0), connect the data points with a smooth line.

[image: image2.emf]Particle size (cm)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Settling velocity (cm s

-1

)

0

1

2

3

4


3) Do your data plot along a straight line or follow some other function?  What can you say about the relationship between settling velocity and particle diameter in your experiment?

4) Why did we use soap to do these experiments?  How do you expect the Reynolds numbers we calculated would have differed if we had used water instead?

Part II. Settling velocity and particle shape
Materials:  

a) Graduated cylinders filled fresh water (= 1.00 gm cm-3,  = 1.01 x 10-2 cm2 sec-1, =1.01 x 10-2 gm cm-1)
b) Beads of equal volume made of Sculpey clay and flattened to various degrees
c) Rulers with mm scale

d) Stop watches

Tasks/questions to answer

1) Determine the Corey Shape factor for each of the particle shapes.    Recall that:
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and Da > Db > Dc
	Shape
	Da  (in mm)
	Db (in mm)
	Dc (in mm)
	Corey Shape Factor

	Sphere


	
	
	
	

	Flattened sphere


	
	
	
	

	Disk


	
	
	
	


1) Measure the settling velocity of the different shaped beads in water.  Record your values as well as those of other groups.  Be sure to observe the manner in which the beads settle.  Do they follow straight paths to the cylinder bottom?

	Shape of bead
	Settling velocity 

Group 1
	Settling velocity

Group 2 
	Settling velocity

Group 3
	Settling velocity

Group 4
	Average measured settling velocity

	Spherical
	
	
	
	
	

	Flattened sphere
	
	
	
	
	

	Disc
	
	
	
	
	


2) Which beads settled most slowly?  Based on your observations of the paths they follow to the bottom of the cylinder, how would you explain their relatively slow setting velocity?

Part III.  Factors that affect the settling of mud
Materials:  

a) Three cylinders with salt water (30 g NaCl/L) and different concentrations of kaolinite clay (18 mg/L, 180 mg/L, 1800 mg/L)
b) Stir rod

c) 10 mL volumetric pipette and filler bulb—pipette is marked at 10 cm above the tip
d) Turbidity meter and glass vials

e) Squeeze bottles with deinonized (DI)  water

f) Kimwipes

At this station we will do a group experiment on the effects of sediment concentration on the settling of kaolinite clay.  At the start of the experiment members of one group (group 4) will stir each cylinder to homogenize the contents.  They will then withdraw 10 mL of fluid from 10 cm below the water surface of each cylinder and transfer it to a glass vial, starting with the lowest concentration cylinder and progressing toward the highest concentration.  Subsequent groups will withdraw samples from the same cylinders, disturbing them as little as possible.

The concentration of sediment in each vial will be measured in terms of attenuation units (AU; 1AU=1NU) by following these steps:
1) Turn on the turbidity meter and select measure, then select turbidity-no blanks
2) Shake a vial to be measured to homogenize, and wipe the outside with a Kimwipe tissue

3) Open the lid of the instrument and insert the vial, aligning the index line with the arrow on the meter

4) Close the lid and select scan sample
5) Record the results in AU units on the table below and on the white board in front of the classroom 

6) Rinse out the vials with DI water so they are ready for the next withdrawal
	Group responsible
	Time since start of the experiment

(minutes)
	AU units for sample from cylinder with 18 mg/L concentration
	AU units for sample from cylinder with 180 mg/L concentration
	AU units for sample from cylinder with 1800 mg/L concentration

	4
	1
	
	
	

	4
	5
	
	
	

	4
	10
	
	
	

	4
	15
	
	
	

	1
	20
	
	
	

	1
	25
	
	
	

	1
	30
	
	
	

	2
	35
	
	
	

	2
	40
	
	
	

	2
	45
	
	
	

	3
	50
	
	
	

	3
	55
	
	
	

	3
	60
	
	
	


Additional tasks/questions about this experiment
1) Plot the results of the experiment on the graph below:
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□= 18 mg/L

●= 180 mg/L

♦= 1800 mg/L
Questions:

1) What is the cause of decreased concentrations of clay at 10 cm depth in these cylinders (as indicated by decreasing attenuation units) over the course of this experiment?  

2) How do you account for the differences in the rate at which clay concentration changed over time in the three cylinders?  What is going on here?
� EMBED Equation.3  ���
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