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Name:
______________________________________________

Date of lab:
______________________ 
Section number:
M E 345._______



Precalculations – Individual Portion
Fluid Measurement Lab: Pressure, Velocity, and Fluid Measurements
	Precalculations Score (for instructor or TA use only):
	_____ /  20

	
	


1. (5) At a temperature of 22oC and a pressure of 98.5 kPa, calculate the air density using the ideal gas law. If the mass flow rate of the air is 0.025 kg/s, calculate the volume flow rate of the air in m3/s. Show all your work in the space below.

2. (5) Repeat for an air temperature of 50oC.

3. (5) A Pitot-static probe is used to measure air velocity at a temperature of 22oC and a pressure of 98.5 kPa. The pressure difference is 1.00 inches of water column. (Use (water = 1000 kg/m3 and g = 9.807 m/s2.) Calculate the air speed in m/s. Show all your work in the space below.

4. (5) Repeat for an air temperature of 50oC. 
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Lab Report – Group Portion
Fluid Measurement Lab: Pressure, Velocity, and Fluid Measurements
Name 1:
___________________________________________________ 
Section M E 345._______

Name 2:
___________________________________________________
Section M E 345._______

Name 3:
___________________________________________________
Section M E 345._______

[Name 4:
___________________________________________________ 
Section M E 345._______ ]

Date when the lab was performed:
______________________

Group Lab Report Score (For instructor or TA use only):

	Lab experiment and results, plots, tables, etc., and Discussion questions
	_____ / 80

	TOTAL
	______ / 80

	
	


Lab Participation Grade and Deductions – The instructor or TA reserves the right to deduct points for any of the following, either for all group members or for individual students:

· Arriving late to lab or leaving before your lab group is finished.

· Not participating in the work of your lab group (freeloading).

· Causing distractions, arguing, or not paying attention during lab.
· Not following the rules about formatting plots and tables.

· Grammatical errors in your lab report.

· Sloppy or illegible writing or plots (lack of neatness) in your lab report.
· Other (at the discretion of the instructor or TA).

	Name 
	Reason for deduction
	Points deducted
	Total grade (out of 80)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Comments (for instructor or TA use only):
Fluid Measurement Lab: Pressure, Velocity, and Fluid Measurements
Author: John M. Cimbala; also edited by Mikhail Gordin and Savas Yavuzkurt, Penn State University  
Latest revision: 09 December 2014
Introduction and Background (Note: To save paper, you do not need to print this section for your lab report.) 

Many kinds of instruments have been designed to measure pressure and velocity in flowing fluids. In this lab, you get hands-on experience using some of these instruments. In addition, you measure the decay of centerline temperature and axial velocity along the axis of a jet. 

· Pressure calibration station: Calibration and comparison of an analog and a digital pressure meter

· Yaw sensitivity station: Comparison of the performance of a Kiel probe and a Pitot probe when misaligned.

· Thermoanemometer station: Comparison of a cold and a hot air jet using a hygro-thermoanemometer

· Axial velocity station: Measurement of velocity of a cold air jet as a function of axial distance

· Volume flow rate station: Measurement of air volume flow rate using two kinds of flow meters

· PIV station: Measurement of velocity vectors in a water tunnel using particle image velocimetry (PIV)
· Radar gun station: Measurement of velocity using two radar guns (This one is done in the hallway or outside if it is a nice day)

Each lab group rotates among the various stations – each station requires no more than 15 minutes to complete, and the procedure, tables for results, and discussion questions are on a separate page for each station, for convenience. 
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Most of the instruments used in this lab are discussed in the learning modules. However, one probe that is not discussed in the related learning module is the Kiel probe. Like a Pitot probe, a Kiel probe is designed to measure the stagnation pressure of a flowing fluid. It contains a stagnation pressure tap (a small diameter open tube aligned into the flow), but it is surrounded by a stubby cylindrical shroud, as illustrated in the sketch to the right, which shows a cross-sectional slice through the middle of the probe. The shroud “captures” the fluid and directs it to the stagnation pressure tap; thus, compared to a Pitot probe, a Kiel probe is claimed to be much less sensitive to the angle of the flow. In other words, the Kiel probe is supposed to be able to measure stagnation pressure accurately, even when grossly misaligned with the flow. In one of the lab stations, you test this claim about Kiel probes.


Several of the lab stations utilize an air jet created by a centrifugal blower. The blower has a three-position switch: OFF, COLD (air on only – no heat), and HOT (air and heat on). Be careful to follow directions carefully – the heated jet is very hot, and can damage some of the instruments – turn on the heater only if instructed to do so.


A turbulent jet contains large vortices or eddies that rapidly mix the air coming from the jet with room (ambient) air. Specifically, a flow pattern is set up that sucks ambient air surrounding the jet into the shear layer at the edge of the jet. This process is called entrainment; ambient air from the surroundings is entrained into and becomes part of the jet flow. Entrainment is strongly enhanced by turbulence in the jet, and in particular by the large turbulent eddies. As the jet grows, it entrains more and more ambient air, mixing the jet air with the ambient air. 
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A good example of this entrainment process can be observed when someone uses a blow dryer, as sketched to the right. The air coming from the blow dryer is extremely hot. However, the hot air quickly mixes with colder ambient air, with the result that the air striking the person’s head is a lot cooler than that at the jet exit. The farther away from the hair dryer, the cooler the jet. Because of entrainment, the original hot air exhausted by the hair dryer represents only a fraction of the air that actually strikes the person’s head. The person in the sketch should be thankful for entrainment — without it she would burn her hair to a crisp when she used her blow dryer!

Objectives
1. Calibrate an analog pressure gage and a digital pressure transducer with a U-tube manometer.

2. Measure and compare the yaw angle sensitivity of a Pitot probe and a Kiel probe.

3. Measure air speed, air temperature, and relative humidity of an air jet with a hygro-thermoanemometer.

4. Measure how axial velocity decays with distance along the centerline of an air jet.

5. Measure how temperature decays with distance along the centerline of an air jet.

6. Measure the volume flow rate of air blown by a blower into a tube, using two volume flow rate instruments – a laminar flow meter, and a rotameter (variable-area flowmeter).

7. Measure with a radar gun the speed of a person; examine the effect of pointing at an angle to the motion.

8. Measure velocity vectors in the entire plane of view using a PIV system with a laser light sheet.

Equipment

Note: A barometer is located near the TA desk.
Pressure calibration station:

· 20-inch (-10 to +10 inch) Meriam U-tube manometer with colored water as the working fluid

· Meriam digital manometer (digital pressure transducer with 0 to 200 inches of water column)

· Ashcroft analog pressure gage (0 to 20 inches of water column)

· hand pump and appropriate tubing and tees to pressurize the pressure measurement instruments

Yaw sensitivity station:

· centrifugal blower (sitting on a breadboard for proper height – do not turn on the breadboard)

· Kiel probe and Pitot probe, with stand, tubing, and rotating traverse

· Electronic pressure transducer (measures to hundredths of inches of H2O). If unavailable, can substitute a Meriam inclined manometer (measures (0.1 to 1.0 inches of H2O using Meriam 100 red oil) 
· screwdriver 

Thermoanemometer station:

· centrifugal blower (sitting on a breadboard for proper height – do not turn on the breadboard)

· Extech hygro-thermoanemometer on a test stand (measures velocity, temperature, and relative humidity)

· strobotachometer

· wooded ruler 

Axial velocity station: [Set up two of these since this station takes the longest]
· centrifugal blower (sitting on some scrap paper as shims for proper height)

· linear traversing mechanism with Pitot probe mounted on the traverse

· Meriam inclined manometer with tubing; measures (0.1 to 1.0 inches of H2O using Meriam 100 red oil

· screwdriver and ruler or tape measure

· glass thermometer and barometer (share one between the two stations) for atmospheric T and P.

Volume flow rate station:

· centrifugal air blower attached to a 2-inch diameter flow rig

· laminar flow meter, along with a differential pressure gage and appropriate tubing

· vertical rotameter (also called a floatmeter or variable-area flowmeter)

PIV station:

· water tunnel (closed loop system)

· Dantec cinema PIV system (laser, high-speed camera, mounting hardware, computer, associated software)

· straight test section for the water tunnel, with an adjustable cross-flow jet
Radar gun station:

· two hand-held radar guns (reads 10 to 99 miles per hour)

· a group member who can run reasonably fast

Procedure, Results, and Discussion Questions
Note: As your lab group rotates between the lab stations, use the appropriate page to follow the procedure, record your results, and answer some discussion questions. Some of the lab stations require additional calculations, which may be done by hand or in Excel – tables, plots, and/or calculations created in Excel should be printed out and attached to the report immediately following the lab manual page for that lab station.

Pressure calibration station:

1. Follow the tubing to see how the high pressure ports of the U-tube manometer, the analog pressure meter, and the digital pressure transducer are connected together. (The low pressure port of all three instruments is open to the atmosphere – all three instruments are set up to measure gage pressure, not absolute pressure.)
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Disconnect the hand pump by twisting apart its blue quick-connect. This opens the high pressure ports of the instruments to atmospheric pressure to, and provides zero gage pressure.

3. Zero the U-tube manometer, if necessary, by loosening the two white thumb bolts and sliding the ruler up or down. Note: Read column height at the bottom of the meniscus.

4. Turn on the digital pressure transducer and allow a minute for the instrument to warm up. Zero it by turning the zero dial adjustment knob.

5. Re-connect the blue quick-connect to the hand pump so that all three instruments (U-tube manometer, digital pressure transducer, and analog pressure gage) can be pressurized simultaneously. Make sure you tighten the blue quick-connect properly, and that the black washer does not fall out.

6. The hand pump has three adjustments, as shown on the sketch to the right (color coded on the diagram): a pump to supply pressure (much like a bicycle pump mechanism), a fine adjust knob (turn to increase or decrease pressure slowly), and a thumb valve (turn clockwise to close, and counterclockwise to open – release air).

7. With the thumb valve closed, slowly pump to exactly 2 inches of water column pressure on the U-tube manometer (Note: 2 inches of head on the U-tube manometer means a column height of 1 inch on the high pressure leg and –1 inch on the low pressure leg). Record the readings from the digital pressure gage and the analog pressure gage in the table below.  Take readings fast – the manometer begins drifting immediately. [You may substitute an Excel table if you prefer.]
8. (2) Repeat in increments of 2 inches up to 16 inches of water column. At the end, return to zero pressure.

	U-tube manometer
	Digital pressure gage
	Analog pressure gage

	Pgage (in. H2O)
	Pgage (in. H2O)
	% error
	Pgage (in. H2O)
	% error

	0.00
	
	
	
	

	2.00
	
	
	
	

	4.00
	
	
	
	

	6.00
	
	
	
	

	8.00
	
	
	
	

	10.00
	
	
	
	

	12.00
	
	
	
	

	14.00
	
	
	
	

	16.00
	
	
	
	

	0.00
	
	
	
	

	Correlation coeff.
	
	


9. (5) Taking the U-tube manometer as “correct” or “true”, calculate the linear correlation coefficient for both pressure gages, and record your results in the above table. Which pressure gage, the analog or the digital, has the better correlation? Discuss.






10. (5) Excluding the zero readings (to avoid division by zero), calculate the percentage error for both instruments compared to the true value, and record in the above table. Which pressure gage, the analog or the digital, is more accurate? Discuss.

Yaw sensitivity station:

1. When you arrive at this station, one of the probes, either the Kiel probe or the Pitot probe, should already be installed in the test stand. Use that one first, then switch to the other one later, to save time. 

2. Set the rotating traverse o zero degrees. Make sure the probe is installed properly and aligned with the flow (facing directly into the blower) when the traverse is set to zero degrees. [If not, or if it is loose, it may need to be re-glued – see your TA or instructor for assistance if this is the case.] The tip of the probe should be in the middle of the jet, approximately 1 cm downstream of the jet exit plane.

3. Disconnect the pressure line to the electronic pressure transducer by twisting apart the blue quick-connect. This opens the high pressure port of the instrument to atmospheric pressure, and provides zero gage pressure.

4. Adjust the zero reading if necessary. [It should read zero when there is no flow and thus no gage pressure.] This is best done by short-circuiting the low port directly to the high port of the transducer with a tube.
5. Reconnect the blue quick-connect so that the pressure measured by the stagnation probe is read by the pressure transducer. Make sure you tighten the blue quick-connect properly, and that the black washer does not fall out.

6. Turn on the blower to the cool setting – do not turn on the heater, just the blower. 

7. Measure and record the pressure reading in inches of water column for yaw angles from 0 to 60o for the Kiel probe or Pitot probe (whichever is installed). When finished, repeat for the other probe. To change probes, remove the wooden support by loosening the two screws. Disconnect the probe pressure line at the blue quick-connect, and pull through the hole in the middle of the traverse. Make sure the second probe is installed properly and aligned with the flow when the traverse is set to zero degrees, and make sure the blue quick-connect is properly reconnected.

8. (6) Record your measurements in the table provided below. [You may substitute an Excel table if you prefer.] Note: Move the test stand each time such that the tip of the probe is at or near the centerline of the jet.

	Yaw angle (degrees)
	Pitot probe stagnation pressure
(in. H2O)
	Kiel probe stagnation pressure
(in. H2O)

	0
	
	

	5
	
	

	10
	
	

	15
	
	

	20
	
	

	25
	
	

	30
	
	

	35
	
	

	40
	
	

	45
	
	

	50
	
	

	55
	
	

	60
	
	


9. (1) At approximately what angle does the Pitot probe pressure measurement differ significantly from the correct reading? (The reading at zero degrees yaw is the correct reading since the probe is aligned with the flow.) 



10. (1) At approximately what angle does the Kiel probe pressure measurement differ significantly from the correct reading? (The reading at zero degrees yaw is the correct reading since the probe is aligned with the flow.)
11. (3) Does the Kiel probe meet up to its claims? In other words, is it really insensitive to yaw angle to a much greater yaw angle than the Pitot probe? Discuss.
Thermoanemometer station:

1. Turn on the hygro-thermoanemometer. This instrument reads air speed, air temperature, and relative humidity of the air (as a percentage). 

2. Familiarize yourself with the instrument. It displays two simultaneous readings, and the function button cycles between three options: (1) display the air speed and the air temperature, (2) display the temperature from an external thermocouple (not connected in our case), and (3) display the relative humidity of the air and the air temperature. The units are also selectable – make sure the units of velocity are m/s and the units of temperature are oC.

3. Position the hygro-thermoanemometer so that it is aligned with the centerline of the jet, at an axial distance 50 cm from the jet exit plane. A good way to test for alignment is to look upstream at the blower, directly through the vanes of the anemometer. Do not mount the instrument too close to the jet – the heat will ruin it!
4. Turn on the blower to the cool jet setting – do not turn on the heater yet, just the blower.

5. Measure and record the velocity, temperature, and relative humidity in the table provided below. [You may substitute an Excel table if you prefer.]
6. Turn the blower to the hot jet setting, and repeat the measurements. You may need to wait a minute or so for the readings to stabilize.

7. Using the strobotachometer, measure and record the rpm of the blower for both cases (hot and cold). Give a range is the rpm readings appear unstable. Hint: The set screw on the motor shaft can be used in place of a painted dot.

8. (2) When finished, let the blower run for several minutes on the cool setting before shutting down.

	Measurement
	Cold jet
	Hot jet

	Velocity (m/s)
	
	

	Temperature (oC)
	
	

	Relative humidity (%)
	
	

	Blower rotation rate (rpm)
	
	


9. (5) For which case is the relative humidity higher? Is there a significant relative humidity difference between the cold and hot jet? Does this agree with your intuition and knowledge? Discuss briefly.








10. (2) For which case is the blower rotation rate higher? Is there a significant difference in rpm between the cold and hot jet? Does this agree with your intuition and knowledge? Discuss briefly.








11. (2) For which case is the velocity higher? Is there a significant difference in velocity between the cold and hot jet? Does this agree with your intuition and knowledge? Discuss briefly. Hint: Think about the rpm of the blower for both cases, and look back at the Precalculations – discuss some possible explanations with your lab group – think about it carefully before writing down your answers.


Axial velocity station: 
1. In this lab setup, a Pitot probe is mounted on a linear traverse. Crank the traverse to zero, then align the tip of the Pitot probe to approximately 4 cm from the jet outlet, and should be located exactly in the middle of the jet. [We will call this our “zero” distance.] The direction of motion of the traverse should be aligned with the centerline of the jet. If things are out of alignment, move either the traverse or the blower until it is aligned properly.

2. (2) Only stagnation pressure is measured in this lab. Static pressure is assumed to be constant and equal to the air pressure in the room – a reasonable assumption for an open air jet, since there are no constraining walls around the jet. Measure the static pressure (absolute atmospheric pressure) as indicated on the barometer, and the ambient temperature as indicated on the glass thermometer.

P = Patm = _____________ cm of mercury

T = Tambient = _____________ oC
3. (3) Convert the static pressure to pascals (N/m2), convert the temperature to Kelvin (K), and calculate the density of the air, showing your work below:
P = Patm = _____________ Pa

T = Tambient = _____________ K

( = _____________ kg/m3
4. (1) Measure the diameter of the jet at the jet exit plane (use the diameter of the actual jet, not the heat shield).

D = _____________ m
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Make sure that the connection point on the right of the manometer is open (it looks similar or identical to the point where the Pitot tube connects to the manometer). With the blower off, wait for the manometer fluid to stop moving, and zero the inclined manometer (if necessary) by turning the reservoir bolt on the lower far right of the device.  If it is not possible to zero the manometer, set the manometer to a chosen reference value and take readings relative to that point. Note: Read the ruler consistently at the maximum extent of the meniscus, as sketched to the right.
6. Turn blower to the cool setting. Do not turn on the heater, just the blower.

7. (2) Measure the stagnation pressure every 1 cm from 0 to 20 cm, and record each reading in the table below in units of inches of water. [You may substitute an Excel table if you prefer.]
8. (2) Calculate and record the jet centerline velocity (m/s) at each axial location along the jet centerline.  Show all work for a sample calculation here.

9. (1) The centerline velocity in the core region is roughly constant. However, the shear layers along the perimeter of the jet grow downstream until they merge at the centerline, and the velocity core ends – from there on, the centerline velocity of the jet decays. How many jet diameters does it take for the jet’s velocity core to end? 
Velocity core ends at x ( ___________ m
10. (2) Create and attach a plot of centerline velocity vs. downstream axial distance x. 
See attached, Figure number ___________

Volume flow rate station: 
1. In this lab setup, an air flow rig has been constructed with two different types of volume flow rate meters. The first is a laminar flow meter (see related learning module for a description of how it works). The pressure drop across the meter is measured with a differential pressure gage, and the volume flow rate is read from a calibration plot (or curve fit) as a function of the pressure drop. [The calibration plot and curve fit are provided in the lab station.] The second is a rotameter (float meter), for which the volume flow rate of the air is read directly from the scale.

2. Make sure that the differential pressure transducer is connected properly – the high side connected to the upstream pressure tap of the laminar flow meter, and the low side connected to its downstream pressure tap.

3. Open the ball valve fully (handle in-line with the flow) so as to generate the maximum volume flow rate.

4. Turn on the blower, and wait a couple seconds for the system to come to equilibrium.

5. (4) Read and record the pressure drop in inches of water. Using the equation for ACFM (Actual Cubic Feet per Minute) with the provided values of B and C, and using 181.8718 for the variable labeled “VISCOSITY flow,” calculate the volume flow rate 
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 at this pressure drop. Compare your calculation to the plot for approximate confirmation. Write your results in the table below. Note: You will need to perform some unit conversions. Show both the calculations and the conversions for the first flow rate in the space below.
6. (2) Repeat for several more cases, with the valve at various settings from fully open (100% open) to nearly closed (a few percent open), and record your readings in the table below. Note: Do not close the valve completely (zero flow rate) as this is hard on the blower. [You may substitute an Excel table if you prefer.] 
	Valve setting
(approx. % open)
	(Plaminar flow meter
(inches of water)
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laminar flow meter
(CFM = ft3/min)
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laminar flow meter
(m3/s)
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rotameter
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7. (3) Do you get reasonably good agreement between the two flowmeters? If not, discuss possible reasons.



8. (3) Discuss some of the advantages and disadvantages of these two kinds of flowmeters.


PIV station (comparison of channel flow and channel flow with a cross-flow jet): Follow these instructions carefully!
1. Turn on the flow pump (switch is on the right side of the rig). Fully open the Control Valve (counterclockwise), and let the system run at high speed for a while to mix the particles in the water. At this point, the jet valve (on top of the water channel) should be turned off. The flow is just straight channel flow from left to right. After a few minutes of running at high speed, turn the control valve down about half way closed to slow down the flow.
2. If not already on, turn on the power strip – this powers the camera, the laser, and the control box. Notice the solid-state laser mounted above the test section. Never look directly into the laser or eye damage will result.
3. Remove the lens cover from the camera if it is not already removed. 

4. Start program Motion Studio x64. (If it is not on the desktop, search in the Start button for “Motion” to find it).
5. Select Cameras-OK-OK-Open- OK-Finish-OK-Live (the “play” arrow). You should see white streaks fly by.
6. [Do this only if the camera is out of focus: Manually adjust the camera focus for a sharper view.]
7. Close the Control Valve until the flow is but a trickle – slow enough to follow individual particles by eye as they move in the flow. Now you should see individual dots flowing by instead of streaks on the computer screen.
8. Exit Motion Studio x64. [Yes, delete stored images.] It is critical that you exit; otherwise problems occur.
9. Start program FlowManager. (If it is not on the desktop, search in the Start button for “Flow” to find it). 
10. In File-New Database, type a database name, which should write by default in the C:\temp folder.

11. In Options, make sure that No Hardware Connection is specified. If not, select it before continuing.

12. With the mouse on the database file name you just created, R-New Project, OK, OK (the default project name is okay; you may change the name if desired). Note: In these instructions, R means a mouse right click.

13. With the mouse on the project name you just created, R-New Setup, OK.

14. With the mouse on the setup name you just created, R-Run Online. Note: If the FlowManager software is not working properly, look at this file: FlowManager_screen_dumps.pdf to help you set everything up properly.
15. In the Time-Resolved Image Acquisition window that pops up, in the Acquisition Control tab, set Records to acquire = 30. The Security option Shutter controlled by start/stop laser must be checked (on).
16. In the Camera 1 Setup tab, Set Resolution = 1280x1024, Shutter speed = 1018380 ns, Frame rate = User defined (501) fps, Gain level = 3, and Bit Selection = Lower 8 bits. Finally, make sure Use double pulses is NOT selected.
17. In the Timing Setup tab, set Triger mode = Internal master clock, and Trigger frequency = 500 Hz. 
18. The following procedure instructs the camera to take 30 digital pictures, each one of which simultaneously flashes the laser: In the Acquisition Control tab, Acquire Images, Yes, Yes, OK.

19. At the bottom of the window, select All as the number of records (images from the camera) to be transferred to disk, and then Save Images. Once it has finished saving, close the Time-Resolved Image Acquisition window.
20. Delete the pesky Analog Signal window that keeps popping up – it is not needed, and gets in the way. 

21. There should now be 30 image files in the Database window. Double click on the first one to open it. If everything is working properly, you should see several small bright spots on an otherwise black background. These are particles that passed through the laser light sheet at the time of the laser flash. Close the image window.

22. Highlight the first image file. R-Select Similar Dataset Records – this selects all the images.

23. Watch a movie of the digital images by clicking the Animate icon (located just above the word “Database”, and looks like a “play” button). OK. You should see the bright dots (PIV particles) moving downstream.

24. Close the image. Now you are ready to calculate the velocity vectors from this series of particle images.

25. With the mouse on the first image file, R-New Dataset-Adaptive Correlation, OK. Select an interrogation size of 64 by 64 pixels (one velocity vector calculated for every 64 by 64 pixels of the digital PIV image).

26. In the Validation tab, select Use Moving Average, and OK. Velocity vectors should appear.

27. You will be asked if you want to perform the same analysis on the rest of the images. Answer Yes. The processing takes a few minutes (lots of number crunching required to generate the velocity vectors).

28. Since the PIV software works with pairs of images, one velocity vector plot is created for every two images. To fill in the intermediate sets of images, highlight (click on) the second image file. R-Select Similar Dataset Records. Repeat the previous three steps. At the end of the calculations you may get an error; if so, OK. Now you should have velocity vectors for each image except the last one.

29. Close the vector map image window. Click on the first vector map called “Adaptive ….” R-Select Similar Dataset Records to select all the vector maps. Animate to watch a movie of the velocity vector maps.

30. (5) Save one of the better-looking velocity vector plots for your lab report (copy and paste into Word or save it as an image file). Print it for your lab report. You may need to use the Snipping Tool in Windows to copy the image. A sample image is provided on the website – your image should look something like that one.
31. (5) Turn on the jet (not too fast – about a half turn of the valve is all that is needed), and repeat steps 13 through 30. If necessary, adjust the jet speed and repeat. Print a nice-looking velocity vector plot for your lab report.

Radar gun station: (There is not really a “station” for this experiment – take the radar guns out into the hallway or outside if it is a nice day to perform this part of the lab. A minimum of three people are needed to run this lab.)
1. [image: image12.wmf] 
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In this lab setup, two radar guns are used to measure how fast a student runs. The goal is to take readings with the two radar guns simultaneously – one pointing directly at the runner (on-axis), and one pointing from an angle of approximately 30o (off-axis).
2. One student is the runner, and two students have radar guns – one facing (nearly in line with) the runner, and the other standing off axis such that when the runner crosses a certain point, the radar gun is pointing approximately 30o off axis, as sketched.

3. Turn on both radar guns. Play around with someone running towards a radar gun. Point and pull the trigger for about a half-second to get a reading. Do not hold down the trigger for a long time. It works best if you run without swinging your arms; otherwise the speed will read too high.
4. The runner runs towards the on-axis radar gun. Allow room for the runner to run past the student with the on-axis radar gun. At a pre-determined time, one of the students with the radar gun yells “NOW”. At this point, both students push their triggers, and compare the velocity readings. If all is done properly, the off-axis radar gun should yield a lower velocity reading than the on-axis radar gun, as discussed in the related learning module.

5. (4) Practice a few times until you are confident with your procedure, and then record several readings in the table below. Each student should have the opportunity to run if he/she wants to (do not force anyone to run).
	Runner’s name
	Von-axis radar gun
(mph)
	Measured Voff-axis radar gun
(mph)
	Predicted Voff-axis radar gun
(mph)
	Percentage error

(%)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


6. (3) Using the equations discussed in the related learning module, predict the off-axis velocity for the off-axis radar gun at ( = 30o, assuming that the on-axis (( = 0o) reading is correct. Show the calculations for the first case in the space below, and enter all the measured and calculated results in the above table.
7. For each row in the above table, calculate the percentage error of the off-axis radar gun reading, assuming that the predicted velocity is correct.

8. (2) Calculate the average of the absolute values of all the percentage errors in your table.
Average positive (absolute value) percentage error = ___________ %

9. (2) If you were a police officer using a radar gun to catch speeders, how important is the location where you stand? Explain. 
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