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Viscosity of Oil Tube Set VISCIE:!

[LAB: Viscosity, and Discovering Information from Graphs

Purpose:

This lab is about the idea of viscosity of petroleum-based oils. It shows how graphs can organize
experimental data, and provide additional information about that data.

In this experiment you will measure and record the time it takes a ball to fall a certain distance in each
of five tubes of oil. Numerical information about the viscosity of the oil in three of the tubes is
provided to you. You will graph time vs. viscosity for these three tubes. Finally, using the process of
interpolation or extrapotlation, you will estimate the viscosity of the oil in the tubes (information which
is not provided, as it is you}joh to determine it).

Safety

Follow proper lab behavior rules, such as wearing safety glasses. Ask your instructor if you do not
know these rules, or do not understand them.

These tubes are breakable. Treat them with care. Tell your instructor immediately if a tube cracks,
breaks, or leaks. Then you can take proper clean-up steps.

[tems needed

Set of five tubes with different colored end-caps. (You may need to share with another group.)
A lab partner.

A metric ruler.

A strong magnet.

A stopwatch (preferable) or a clock with sweep-style second hand.

Procedure

A well-planned experiment shows how one variable (called the independent or control variable) affects
another variable (the dependent variable). Nothing else that might possibly vary should be allowed to
vary. In this experiment, this means that you should:

e Hold the tubes exactly vertical every time.

e Have the tubes at the same temperature every time. (You should even try to avoid warming them
with your hands.)
Have the balls travel the same distance every time.
Do measurements on the same type Sf ball —-steel or Teflon-- every time. (You may use the steel
ball if you have a stopwatch; use the Teflon if you are using a clock that only measures seconds.)

‘Work with a partner. Select one tube to use. Later you will use the others.

There are five colors of caps on the tubes: Red, Blue, Green, Gray, and Black. These colors indicate
the type of oil in the tubes. In the data table, record the color of cap on the tube you are working with
now.

Following the instructions provided on a separate sheet, launch the balls and find the time required for
one of the balls to travel 15 cm . Record this time in th?{a table. (If time permits, it 1d be best to

repeat this measurement several times, and record the v;ggﬁe If you :c!o this, make notes in the
data table column titled “Notes”.) Repeat this for each of 1ve tubes. g
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LAB: Viscosity, and Discovering Information from Graphs...

Viscosity may be measured using a variety of units. The units used in this experiment are assigned by
the International Standards Organization (ISO). They are termed ISO viscosity grade numbers. On this
scale, the viscosity of the oil in the tubes is as follows:

Red: 10
Blue: 32
Green: 46

Gray: tobe determined
Black: to be determined

Enter the data above into ;our-data table.

Label the vertical axis of the graph provided under the data table. To do this properly, choose a
numbering system that:

pumbers the lines, not the spaces.
starts with zero at the bottom left corner (the origin).
is a consistent system that maintains the same increment pattern throughout. For example,
numbering every fifth line, counting by hundreds, etc. (Note that this particular system, provided
only as an example, will not be appropriate to this data.)

o uses much of the graph paper, but doesn’t run out of room.

Labeling the axis also includes putting the name of the variable, with the units in parentheses.

Now plot the data points from the data for the red, blue, and green capped tubes. Make the points
sharp, and then circle them neatly. (Your instructor may give different instructions on how to mark
them.)

Sketch a best fit line. This line may be straight, or a smooth curve, as appropriate, but should show the
pattern of the data.

Now make predictions about the viscosity of the oil in the black-capped tube. To do this, look in the
data table to find the time of travel of the ball in that tube. Locate that time on the vertical axis of your
graph. Trace a line horizontally to the right until you come to the best fit line of your graph. That is
where we believe the data point would be if we had the needed data to plot it. Trace a line vertically
downward until you come to the horizontal axis. To what viscosity does this point correspond? This is
our prediction of the viscosity of the oil in the black capped tube. When we make a prediction by
examining a graph between two data points, the process is called interpolation.

The same process may be used to predigt the viscosity of the oil in the gray-capped tube, with one
difference. In this case you must extend the best fit line farther to the right. Since there are no
additional data points to guide you, yod are simply making an educated guess about where the line
goes. When we make a prediction by examining a graph in a region that is not between two data points,
the process is called extrapolation.

Aonh Tamac M. Housley. Transparent Devices




[image: image3.jpg]viscosity of U1l Tube det VISCIE]

LAB: Viscosity, and Discovering Information from Graphs...

Color Time Viscosity Notes
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Lubricating oils work by creating a film that gets between moving surfaces to prevent them from
making direct contact, reducing the resulting friction and wear. Some minimum viscosity, at least, is
desirable so that the oil won’t flow between the surfaces too rapidly. On the other hand, too much
viscosity corresponds to too much friction within the oil itself, wasting energy. Oils change viscosity
with temperature, so different oils are used in extreme temperature conditions, such as in the arctic or
the tropics.

Design an experiment to plot the effect of temperature on the fall time of a ball in oil. Keep the
following considerations in mind as you make your plans:

o The tubes should not be exposed to extreme conditions. They can be damaged by either excessive
heat or cold. Do not place the tubes in places that you would not be willing to put your hand for a
significant time. Specifically, do not expose the tubes to temperatures below 0°C, nor above 45C.

o How are you going to heat or cool the 0il? The tubes should not be placed in water, and should not
be left unattended while being brought to temperature, in order to guarantee that they are not made
too hot or cold. Perhaps using a hair dryer (while holding the tube to monitor temperature, or
taking it outside when temperatures are extreme, would be suitable methods.

o Consider how you are going to measure the temperature of the oil, and how long you will need to
leave it in an area to have it achieve the ambient temperature of that area. Also consider how you
will maintain it at that temperature while timing the ball. (Perhaps you could put the tube in a
refrigerator to chill it, but how do you keep it cool while timing it?)

e Recall that there should only be two variables, temperature and time. Thus, you should not vary the
distance. the kind of tube, the ball being studied, the angle, or anything other than the temperature
that might affect the time.

Get approval from your teacher before beginning your experiment. Present your results as a graph.
After having made such a graph, how could you use the tube, together with a stopwatch and the graph,
o measure room temperature or outside temperatures?

Other investigations...

Design an experiment to show the relationship between distance and time for a ball falling in the oil.
Since only those two variables are involved, you should not change the kind of tube, the ball being
studied, the angle, the temperature, or anything else, except the distance, that might affect the time.

Display your data in the form of a graph. Put time on the horizontal axis, and distance on the vertical
axis, even though it might seem more appropriate to do it the other way. Do your data points fall
approximately on a straight line? Use astraightedge to draw a “best fit” line for the data. Calculate the
slope of this line. (Don’t count squares to find rise and run. Instead, read off the coordinates of two
points on the line. Find change in y-coordinates and divide by the change in x-coordinates.) What is
the meaning of the answer you obtained? (Not the mathematical meaning, but the meaning in terms of
what was happening in the experiment.)
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