PHYS 401
Investigating Flowing Fluids
UNH Fall 2008

Goals:

· Set up theoretical model by applying Newton's 2nd Law to lab setup

· identify forces at work in lab setup

· rearrange equation(s) to isolate new physical quantity: viscosity

· Develop and execute experimental procedure to access all easily measurable quantities

· identify all variables necessary to calculate viscosity

· plan measurements for each variable

· make measurements of all necessary variables

· calculate viscosity of sample fluid

· Seek consensus within class on the viscosities of test fluids

· share data and results with class

· discuss success or failure of experimental consensus

Materials & Setup:


This weeks lab is a little different than the others so far this semester.  Instead of approaching the lab directly from observation and experimentally seeking relationships you will be using a hypothesized theory and testing whether or not it achieves experimental consensus.  In order to do this you will first need to apply the theoretical model to the lab setup, and then gather data on all of the necessary variables to test the theory's validity.


Last week you looked at static fluids, and constructed a model for pressure within such a fluid.  This week you're going to build on the pressure model of last week and look at fluids in motion, specifically how fluid flows around an object.  For this investigation you have the following materials: graduated cylinders, corn syrup, ball bearings, magnets, timers, rulers, calipers, scale, beakers of H20, and casserole pans to contain any mess.


To get a feel for the phenomenon you're investigating drop a ball bearing into the beaker of water and then drop another ball bearing into the graduated cylinder.

0 a.
Discuss with your group, then describe in one sentence (in your own words) the difference between how the ball bearing travelled through the water, and how it traveled through the corn syrup.

0 b.
Now, try to explain in one sentence, as a group, what needs to happen in the fluid for the ball bearing to fall all the way to the bottom of the containers.  (what must the fluid do to let the ball move?)


The phenomenon of fluid flow, fluid moving against fluid or other objects, is usually characterized by the viscosity of the fluid.  Viscosity plays an important role in certain drag forces.  Today you're going to focus on quantifying viscosity by assuming a theoretical model for viscous drag forces and running an experiment to calculate the viscosity of a fluid from this viscous drag force:

(1)
D =  6πηrv.

Theoretical Model:


1 a. Identify all of the forces on the ball bearing as it flows through the graduated cylinder by drawing a free body diagram and labeling each force.


1 b. Write out Newton's 2nd law based on your free body diagram, writing out the form of the forces involved (i.e. W = mg).


There is one assumption that you will want to make to keep your experiment and theory within the scope of this lab, and that is to assume that the ball bearing reaches terminal velocity in the corn syrup almost as soon as it is dropped.


1 c. What does assuming terminal velocity mean in terms of Newton's 2nd law?


1 d. Using this assumption rearrange your Newton's 2nd law equation, isolating viscosity on one side of the equation.  (show all of your steps).


Now, stop and check with other groups around you to make sure that you're all working from the same point.  If your equation looks different work with the other group to figure out what you or they have done differently.


Once you have reached a consensus on how to calculate viscosity from this lab setup it is time to figure out how to get a value for each of the variables involved.


2. Work through your equation for viscosity and write down each variable that you need a value for.  If it is a constant write down the value and units for the constant, if it is a value you need to measure write a one-sentence description of how you will get a measurement of the variable.


Many of the variables you need to measure can have varying degrees of precision depending on how you choose to measure them, take a minute with your group to discuss and amend any of your responses in 2 b to achieve better precision.  There is a saved copy of last week's pressure data on your computer in the 401 activities folder if you need it.


Now that you know how to measure everything required to calculate viscosity it is time to perform your experiments and record their results.


3.  Make a data table for each of your variables and fill it in according to the techniques your group decided on.  (Corn syrup is water soluble, so please wash off ball bearings, magnets, or other materials that start to get sticky).



Once you're done with your experiment and have calculated a value for the viscosity of corn syrup let your TA know.  Prepare to discuss with your class the techniques you used to measure and calculate viscosity, and how “good” you think your methods were.  This is also a good time to check your units throughout your experiment and calculations.

Discussion:  Have an open and honest discussion with your class about whether or not you think your class has reached a consensus for the viscosity of corn syrup.


4 a. What value, or range of values does your class agree upon?


4 b. What technique in particular for measuring the necessary variables seemed to be the most precise (least prone to error)?  Explain this technique in detail and why it is so important.


4 c. What part of this activity did your group find the most difficult?  What in particular made this difficult?


4 d. According to the level of consensus your class achieved does your group believe that this model of viscous drag is useful, explain why or why not in two sentences.

