F - Purging the Pool Plunge            


Student Section

Data Collection

In this investigation we will explore the relation between depth and pressure, using a reservoir of a liquid and the pressure probe. We will collect pressure readings at various depths and observe the changes that occur as we move deeper and deeper. 

The first step will be to determine the type of liquid to measure pressure in, and the container for the liquid. If you have access to a swimming pool, that would supply the required parts. If you wanted to measure in salt water, rather than chlorinated water, you could measure in the ocean, from a boat or a pier. Or, if you wished to measure in a cleaner water, you could measure the pressure changes as you moved down in a long tube of the liquid (such as a 2 meter long PVC pipe, that is sealed off at one end). 

Once you have determined theses items, you will now need to determine the depths at which you would like to collect information and the units of pressure. In this case we will use meters and KiloPascals in a tube of clean water. 

To set up the apparatus, mark the aquarium tubing from one end to determine each step. If you mark with a permanent marker, this will "lock in" you depth units. Using washable ink, or tape might allow for future variations of the step of depth, and the change of units of depth. In this case we will mark off the tubing at 0.25 meter steps, for the length of the tube that holds the water. Place a mass on the end where you started measuring the tubing. This may be secured with tape or a paperclip. The amount of mass is determined by the type of liquid, the maximum depth you will use and the type of tubing you have (thickness of the walls), among other things. 

Now connect the tubing to the pressure probe using the small white adaptor that comes with the probe. Remove it from the smaller tube, or locate it connected to the probe. One end will screw onto the lip of one of the open ends of pipe on the pressure probe, while the other end that is smaller and tapered will need to be inserted into the aquarium tubing (in the end opposite from the mass).  Connect the probe to the CBL2( in Channel 1 and get the container of water ready.

Run the DATAMATE program and go to option 1:SETUP from the Main Screen. Point the cursor at channel 1 and press ( to set up for the pressure probe.
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Select the pressure probe by pressing ( from the SELECT SENSOR menu and then the units for pressure, KPA, by pressing (. 
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Now we need to select the EVENT WITH ENTRY mode. Move the cursor to the MODE: line and press (. Select this mode by pressing (. 
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Before we start the experiment, we wish to zero the probe. That is, we want the atmospheric pressure to be zero, and that all increases (or decreases) in pressure will be form that reference point. To do this press ( from the SETUP screen. Make sure the tubing is out in the open air, and that the valve on the pressure probe is open to the air. Select option 1:CH1 from the SELECT CHANNEL menu. Press (. 
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When the reading stabilizes, press ( to associate that reading with zero as a reference. The CBL2( will beep and then you will be returned to the Main Screen.
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Select option 2:START to begin the experiment. With the tubing still in the air, and when the reading stabilizes, press (. Then key in the depth (in this case zero) for the first reading. Repeat the process, sending the tubing into the liquid and the pressing ( when the reading stabilizes. Key in the depth for each reading. When finished press ( to stop.
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Analysis

Now we wish to look at the graph of the data. Press ( to select the option 3:GRAPH. From the Main Screen. What shape does the data make?
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Select option 4:ANALYZE from the Main Screen to do a regression on this data (using depth as x and pressure as y). Press ( and then ( for the CURVE FIT option. Then press ( for the LINEAR (CH1 VS ENTRY). Record the regression equation.
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We also might want to look at the Statistics on the data, by selecting option 4:STATISTICS from the ANALYZE OPTIONS menu. Press (. Then select the upper and lower bounds of the data (in this case all of the data) and record these results and compare this information to the regression above. 
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Going Further

· Experiment with a smaller step for depth (like ever 5 cm), to see if there is additional information about the relationship between depth and pressure.


· Try a different unit of measure for the depth and/or the pressure (like inches and psi).


· Select a different liquid such as oil, alcohol, salt water, or glycerin.


· Use a larger surface area for the tube, or water container and compare results.


· Go deeper in the liquid ( a larger mass will be required).


· Experiment with air as the liquid (from the top of a building with a 100 meter tube).

Student Data Reporting Sheet

1. Make a sketch of the set up of the experiment, showing the location of the CBL2(, the calculator, the location of the container of liquid as well as the type of liquid used, and the placement of the tubing and the pressure probe. Identify who in your group will do which task as the data is collected, and report this information with your sketch.


2. What is the relationship between KPA (kilopascals) and PA (Pascals)?

_______________________________________________________


3. Give the value of 1 atmosphere in KPA and in PSI (pounds per square inch).
________________________________________________________

________________________________________________________


4. Report the values from the experiment for depth and pressure.
Depth Units: __________
Pressure Units: __________________


Depth
Pressure

0























5. Give the linear regression equation and identify the slope and y-intercept. Include units.

Equation: __________________________

Slope: ____________

Y-Intercept: ________________



6. State the statistical values from the DATAMATE program. Indicate how much of the data was used in the calculation. Include units.


Measure
Value
Units

MEAN



MIN



MAX



STD DEV



N



7. What is the significance of the slope from the linear equation? How does it compare to the know value for the liquid? Show your calculations.

_______________________________________________________

_______________________________________________________

_______________________________________________________


8. What is predicted for the increase in pressure at 100 meters depth? 

_______________________________________________________


9. How deep must you be to have a pressure of 2 atmospheres ( one more than the reading in the air).

_______________________________________________________


10. How would you change the linear equation if you had not zeroed the probe in air? Give the new equation.

_______________________________________________________



Teacher Section

Concepts


Mathematics:

· Manual fitting of the data to a liner model, or the use of the built-in regressions from the data.

· Data to Graph to Model visualization.

· Measurement.


Science:

· Measurement.

· Unit Analysis. 

· Experimental Design and Technique.

· Scientific Method.

· Fluid Dynamics.

· Density.

Materials

CBL2(.

TI Graphing Calculator.

Data link cable.

Pressure probe with adaptors and connector.

Adaptors for DIN conversion of probe. (Optional)

Aquarium tubing ( 3.2 mm inner diameter) long enough to reach the desired depth.

A mass to attach to the open end of the tubing to help in move down into the liquid.

Marking pen for the tubing.

Meterstick.

A collection of liquid with an appropriate depth/height.

TI-Graph Link with cable (Optional)

Set-up

Make sure the connections are secure with no leakage. A common problem relates to this hook up, and the orientation of the valve. The valve usually has an arrow pointing to the opening that will be sealed. In addition the small white connector should be screwed on to the lip of the pressure probe's apparatus, and the smaller tapered end of the white connector should be inserted into the aquarium tubing.

Use the Save Experiment option to archive data from different groups or classes. See the Stationary Weather investigation in this book.

Theory

The pressure ( force  per unit area) should uniformly change as a function of depth only ( P = (gh where P is pressure, ( is the density of the liquid, g is the acceleration due to gravity, and h is the depth). Since  (gh  is really just mass * g / volume and mass * g is Force (as in Newtons), we have Pressure = weight density * height + Patmsopheric. In addition, pressure at equal depths in a uniform liquid is the same, so variation of the tubing or the container will make no difference in the experiment. The total pressure will be the sum of the atmospheric pressure and the Gauge pressure (in this case the reading from the probe when it was zeroed in air.).

When this experiment is done at very low pressures, such as at high altitude locations, the sensitivity of the probe might be an issue. 

Answers

1. The sketch should clearly show:
- the location of all the equipment,
- the type of liquid used, 
- the location an names of group members with their assigned jobs.


2. 1 KPA (kilopascals) = 1000 PA (Pascals)


3. 1 atmosphere = 101.325 KPA = 14.696 PSI 


4. In the example: Depth Units= meters Pressure Units= Kpa
Answers will vary in the table values.


Depth
Pressure

0























5. In the example: Equation: y = 0.279 x + 0.164
Slope = 0.2789 KPa/m
Y-Intercept= 0.164 KPa


6. In this example we have:


Measure
Value
Units

MEAN
0.191
Kpa

MIN
0.038
Kpa

MAX
0.381
Kpa

STD DEV
0.132
KPa

N
6
depths

7. The slope is the Weight Density of the liquid. The value for water is 9800 N/m3  = 9.8 KN/m3.


8. 0.279 * 100 + 0.164 = 28 KPa


9. 2 atm total pressure would be an increase os 1 atm = 101.325 KPa = 0.279 x + 0.164, so x = 362.58 metersbdeep.


10.  Add a y-intercept to be 1 atmosphere (101 .325 KPa), so we would have: y = 0.279 x + 101.325





Going Further

· Do the experiment without zeroing the pressure for the air. This will give a non-zero y-intercept. Include a depth of zero while the probe is in air.


· There is a lower limit of depth of liquid that is related to the density of the liquid and the sensitivity of the pressure probe. Make sure that this is considered before a great deal is invested in the experiment.


· Use the ADD MODEL option to make the regression so that the y-intercept is zero. 

· Various unit combinations for depth and pressure will lead to intriguing calculations of the density. Using Pascals (N/m2) is the most obvious when used with meters of depth. Also the mixing of units of force and mass needs to be addressed as we look at weight and mass density.

References

· Real-World Math with the CBL System: Activities Using the TI-83 and TI-83 Plus; by Brueningsen, Bower, Antinone, and Brueningsen-Kerner; Activity 3: Pool Plunge; TI - Explorations Book.
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