                                                 CdA MEASUREMENTS

TcoastF1 can determine CdA (equivalent aerodynamic drag) through a coasting method. Both Crr and CdA are weak functions ordinarily requiring measuring equipment that are unavailable to most people. However by using a bicycle along with relatively common equipment, and a thorough measurement discipline can give reasonably good results. 

TCoastF1 is used for coasting with increasing speeds down a grade. TCoastF3 is used for coasting at decreasing speeds on flat ground to measure CdA. 

To obtain the aerodynamic drag of your vehicle (or compare the aerodynamic efficiency of your vehicle against others) it is necessary to measure effective frontal area (CdA) which is the product of the aerodynamic Coefficient of Drag (Cd) and the frontal Area (A). This CdA measurement includes all aero drag such as the drag generated from the spokes of the wheel etc. With careful measuring techniques it is possible to isolate these contributions. The CdA value for your vehicle is one of the important values in determining power requirements at various speeds. 

CdA can be determined by using a standard formula and coasting to terminal speed down a known grade (CdA =2 x (total drag – Rolling resistance) x gravity/ (rho x velocity_sq). TCoastF1is not needed.  But quite often this test is not practical or easy to do for all conditions. The number one problem is knowing the %grade accurately. Unless the grade is measured in some manner, estimates can cause large errors in results. This is the main problem of terminal speed tests. Other problems are it takes a fairly long enough section of road to be assured that the vehicle did indeed obtain a reasonable terminal speed (coming into the test section close to terminal speed helps). Also the test course section must remain uniform which will make many roads unacceptable. Then add adequate run up and braking distances. These requirements make test road selection difficult particularly for streamliners that cover large amounts of road quickly. Also, unless lower grades with a long uniform slope are found for streamliners, on road speeds may become dangerous. 

The TCoasters are tools that can be used with different types of grades relieving some of the terminal speed requirements. Grades from steep, to gentle, to flat, can be viable test roads. 

A big plus is TCoasters can also determine grade % where-as terminal measurements by themselves does not give this critical information.  

SPEED 

We will start with speed and steep hills and work down towards flatter grade measuring techniques. Speed is helpful for separating CdA from Crr. The power on velocity is a cubic function of speed where-as the rolling resistance is a linear function. The higher the speed the more accurate your CdA value. However Crr does affect all coastdown speeds so having an accurate Crr value is important where-as the influence of CdA is much less influential at very low speeds.  Therefore Crr should be measured first. 

The  % distribution charts on PGD.xls and Comp.xls spreadsheets are a convenient way to explore these relationships. As an example; for a bike with a CdA of 1sqft  (.09 sqm) and a Crr of .005 have equal % effects at 20 mph (32km)!!!. Low CdA vehicles ideally need to be in the 40mph (64km) range to reduce the influence of Crr. A low value of Crr helps a lot here. 

The following shows the power ratios of CdA and Crr vs speed on a unfaired vehicle. 

Using a 2.4 CdA and .006 Crr we have a distribution of; 

at 40mph drag of 82%, Crr 10%. 

at 30mph drag of 75% and 16%. 

at 25 mph it’s   69 and 22 and 

at 20 mph it’s   60 and 30%. 

at 14 mph it’s 50 and 50%

This clearly shows that the best test for CdA is high speed.

To show the effects of varying Crr and holding CdA at 2.4 sqft we have terminal speeds on a 6% grade of;

.005 = 42.9 

.006 = 42.5 

.007 = 42.2 

.008 = 41.8 

Not a big change in terminal speed for a wide range of Crrs  (typical range of Crrs for road bikes). However to zero in on both Crr and CdA may require a series of repeated tests. 

For the CdA test, the road surface should be similar to the surface that was used to determine Crr. To reduce dangerous speeds with a streamliner first use a slower unfaired bike to measure the grade. See Text sheet on  TCoastF1. 
CALIBRATING THE GRADE

The first step is doing a terminal speed run. The second step is doing a Transient run starting from a zero speed measuring Time over a Distance. 

For an unfaired bike, a length for a reasonable test of terminal speed is to have a minimum of .2 mile (321M) section of uniform grade. This would require being close to the terminal speed before the test section. And this does not include run up distance and braking distance. As a way to become familiar with the amount of distance required go to TcoastF1 Transient or Vinitial sheets and try changing Vinitial speed and observe the results on the Distance Required Chart. This will give you an understanding of the amount of initial speed needed before entering the test course.  The Dist to Term is calculated from a zero start speed and is mathematically perfect meaning it takes an inordinate time/distance to approach these speeds.  On road speeds may be slightly lower so the Distance Required Chart uses values below the mathematical ideal.  Minus Distance shows the distance saved and Req Dist shows the distance required if coasting to terminal speed from various Vinitial speeds.  You may not have the gearing to get close to Terminal speeds, which will affect the amount of grade needed. A slower vehicle can be used to calibrate a grade so a faster vehicle can use a transient test to limit excessive speed.  

If you don’t know your Terminal speed use the TCoastF1.xls to get in the ballpark. Insert your user values (weights, temp, barometer, etc) and a typical CdA and Crr for your bike (use the Repchart.jpg to estimate CdA and Crr).  To estimate a grade see Grade.doc. 

Once the user values are entered a Terminal speed is automatically calculated in the upper right of the spreadsheet. 

Estimate CdA means your CdA may be somewhat different. So you will have to determine your actual terminal speed by trial. During your first downhill run try to get close to what the TCoast estimates (may require adequate run up distance if you don’t have the top end gearing). Then see if it climbs or falls during the run. Then do a run slightly above terminal speed if possible to check if the speed drops and one slightly below to see if the speed climbs. For the final run try to be at your new terminal speed at the beginning of the test course section and see if it holds steady.   

Note: Seeing that you have to pedal up the hill to do these tests this may be an opportunity to determine your power capabilities (from typical to high output depending on you mood) (See PwrCap.doc and use PDG, or  FMini or COMP Calculators)

Ideally try to do both of the Terminal speed and Transient tests close together in time in order to use the same conditions; tire pressures, temperature, Barometer, weights, clothing, etc. This may mean surveying the course a few days in advance to mark the Transient distance measurements. Wait for a clam day with no wind or do your tests early or late in the day. Wind will definitely cause the data to be scattered. This includes passing cars. Note passing cars on your data.

TRANSIENT TEST

Carefully measure (see Measure.doc) and mark off a uniform section of the same grade you did your Terminal speed run. Start at a zero speed at the top mark and at the same time start the timer (stop watch). Coast to the second mark and stop the timer. Do this test several times. Don’t forget to record all of the typical user values (Temperature, Barometer, Tire pressure, Weights, Clothing etc).

Then enter both the Terminal speed and the Transient Time and adjust the variables to get minimum DIFF (example on TcoastF1) to determine grade% and CdA. 

TRANSIENT ONLY

If you do not have a sufficiently long uniform grade for a terminal speed test, or want to limit top speeds, then a transient only test can be done. The problem here is some means of determining the grade is required. Insert your on road distance and times and adjust CdA until the row DIFF is minimal. The main error here is not knowing grade % accurately.

This could be used for ballpark approximations. 

One problem with using only the Transient test is the average speed can be quite low (cell C12 sheet 2) depending on the length of the measured distance. To improve average speeds one can come into the measured test course at a known Initial speed. 

TRANSIENT WITH INITIAL SPEED 

See Text sheet on TcoastF1 for an example. 

FLAT GRADE CdA

If you live in an area with no steep hills then a flatter grade and slightly lower speeds can be used. This requires TCoastf3 and the use of flat ground tests techniques to determine both grade and CdA. Do this at the highest speeds that you and the vehicle and the test road allow. But because of the increasing influence of Crr at lower speeds, an accurate Crr must first be determined first. Distances in the 350 to 450 foot ranges are acceptable for unfaired vehicles. 

 STREAMLINER  CdAs

1. If your lucky enough to find a long enough low slope to get to a safe but decently high terminal speed, then this would be a solution. You can enter the test course at a high speed and remain at a high speed. Example; a -3% grade and a CdA of 1.0 (.093m^2) the terminal speed is in the 42 mph (68km) range. 

Use the combination of the Terminal/Transient test to determine grade (see above). 

The problem here is if Vinitial is much below terminal speed then a streamliner would require tremendous amounts of run up distances. Using the –3% grade and a CdA of 1 and a Vinitial speed of 35 mph it would take around  6500 feet to get to terminal speed. 

Finding a suitably run up distance plus enough uniform grade length will be the most difficult part of this test.   Move the speed up according to your abilities, the vehicles gearing, and the overall road conditions. These combinations have to be chosen carefully to get the best results. Again the use of a slower vehicle to first calibrate the grade may reduce the road requirements. Use the Distance Required Chart on TcoastF1 to explore your requirements.

2. If the road isn’t long enough then a Transient test with a known Vinital speed must be used. This is when the grade is low or short, but your trying to keep the average speed high. Knowing the grade % is needed here (possibly use a slower vehicle to calibrate the grade). Ideally an Initial speed timer will reduce initial speed errors.  If none is available then try to stabilize the speed before entering the test course by lightly applying the brakes to increase the accuracy of the reading. Use multiple magnets on the wheel to improve data accuracy (providing your speedometer can handle higher pulse rates). 

3. A Zero start Transient test would require an inordinate amount of distance in order to get the average speed high enough to reduce the influence of Crr. Without a Terminal speed the grade has to be measured using other measuring techniques. A major error here is not knowing the grade accurately enough. 

4. If an almost flat grade (practically no grade is flat) is available then TCoastF3 (decreasing speeds) must be used and do a coast down and a coast up to determine % grade. By using the same hunt and peck technique described in the text sheet in TcoastF3 you can determine the CdA and Grade (Crr must be know before doing this test). The up and down speeds do not need to be the same. The vehicle must travel over the same measured section of road to zero road undulations. 

Low Crr helps and the highest practical speeds are needed. Distances from 400 to 500ft  are 

acceptable.   

Suggestion: Combinations of different grades and techniques are a way to check overall accuracy. 

