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Stick & Rudder



Test Pilot IN FEBRUARY'S "TEST PILOT" we described the groundcourse procedures for performing your airspeed cali-



Airspeed Calibration



downwind. You could calculate the drift angle and actual distance, but it's not



necessary. If you test only when the wind is 5 knots or less, the worst-case error in Turning test data into useable information steady observed airspeed your ground speed calculaand constant altitude with tion will be less than a quar• J / s, .- ;, • EDKOLANO f less than 5 knots of nonter of a knot for the typical gusting wind allowed you homebuilt airplane flying to average the two ground speeds, so speed the same way you would when the course length recommended in you can treat the result as your aver- flying cross-country—divide the dis- last month's "Test Pilot." age true airspeed. This month we'll tance by the elapsed time. Knowing Okay, you now have a V G of take the data from a series of test runs the course length, 7,890 feel in our 116.87 and 126.69 for your first run and turn it into a plot of calibrated example, and the ET for test run, you pair. Averaging these speeds removes airspeed (VQ) versus observed airspeed can calculate the ground speed by di- any wind effect (Formula 3). The next trick is to t h i n k back(Vo) for your airplane's flight manual. viding the distance traveled by the During each of your test runs you time it took to travel that distance. ward. When planning a cross-counrecorded your VQ, pressure altitude Course Length try flight, you compute your exVa=0.5925 x pected ground speed by applying the (PA), outside air temperature (OAT) ET forecast wind to your planned true and the elapsed time (ET) required to In this equation, Course Length is airspeed. When reducing your airfly between your start and finish check points. You also made a note of in feet, ET is in seconds, and 0.5925 speed calibration data, you remove your airplane's external configuration is a correction factor to have the the wind by averaging VG1 and VG2, for the test. A stickler for documenta- ground speed (V G ) in knots (use so your calculated average VG is also tion, knowing you will spot check on 0.6818 for VG in mph). Plugging our your true airspeed (VT). We'll assume that your airspeed another flight, you calculated your sample data from the first data row airplane's weight before and after the in the grid into this equation, we get: calibration test flight did not occur above 10,000 feet pressure altitude at test flight and made an estimate of its 7890 Vo=0.5925 x = 116.87 an airspeed faster than 200 knots, so average weight during the test. 40.0 we'll ignore the effects of compressGet out your calculator, pencil, Repeat this V G calculation for ibility on your airspeed indication. and paper—fun with n u m b e r s awaits. Figure 1 is a suggested data every test run, and enter the results So all you have left is to convert VT to V(:, but there's a minor inconvengrid, complete with the hypothetical in the ground speed column. Let's talk about wind for a minute. ience. You have to know the ambiflight test and post flight filled in, which we'll use to work through the Comparing the ET and V G for the ent air temperature, but your OAT data reduction process. Notice that first set of reciprocal heading runs, gauge provides total air temperature. To convert total air temperature to the six columns on the left side are you'll note a difference of 3.1 secidentical to the sample data card we onds and about 10 knots. That's be- ambient air temperature requires you used last month. The entries in these cause there was a steady 5-knot wind to know your calibrated airspeed, columns were made during your test during the test—a direct head wind which is what you're trying to find flight between runs. We'll use the during the first run and a direct tail out. Fortunately, most of us don't have to worry about this circular ar120 knot V 0 data (first two data wind during the reciprocal run. Had this 5-knot wind been a direct gument because the airspeed error rows on the grid) during our data recrosswind, the actual distance trav- created by using OAT instead of amduction explanation. eled during the run would have been bient temperature is typically less longer than the 7,890 feet because than half a knot below 10,000 feet Ground Speed You calculate each run's ground the airplane would have drifted pressure altitude up to 200 knots. bration flight tests. Flying reciprocal headings at a
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Average Vo =



Voi + Vo2 116.87 + 126.69



= 121.78



lapse rate, and a bunch of other constants to simplify the equation. Plugging in the data from our exc = 0.369 x Vo x ample grid, we have Formula 7. By OAT + 273.15 comparing the calculated values of Vc (table) and Vc (equation) in Fig/ 2026.12 = 120.21 V. = 0.369x121.78 x ure 1, you can see either way works 110 + 273.15 fine. Which method you choose may depend on how sophisticated 16.976 x VG Vc = x (1 - 6.8756 x 10* x PA)2 your calculator is, but it really comes OAT + 273.15 down to personal preference. Repeat the entire data reduction 16.976 x 121.78 Vc = x (1 - 6.8756 x 10* x 1200)2628 = 120.21 procedure for your remaining test 10 + 273.15 data pairs, and your data grid should You can determine V c by using calculated value is 120.21. This dis- look like Figure 1. Naturally, your the table in Figure 2 and some math, crepancy of 0.01 knots is caused by table probably won't have two V^ or you can bypass the table and just the interpolation of P from the table columns (unless you decided to use do the math (but this method is in Figure 2 for the example calcula- both methods). Now it's time to turn slightly more complicated). We'll tion. The Vc in Figure 1 was calcu- your data grid into something more present both methods. lated using a standard atmosphere pilot-friendly. table, which is more accurate than Table Look-up Method simple interpolation. When you A Picture's Worth ID3 Words Figure 2 gives pressure altitudes and consider that 0.01 knots represents a Remember, the reason for going their corresponding pressures. Use difference of about 1 foot per minute through all this trouble is to produce the pressure (P) that corresponds (less than three airplane lengths af- a reference that will give the caliwith the pressure altitude during ter an hour of flying), it's probably brated airspeed for any observed airspeed (what you read on your airyour test run along with the V T not worth worrying about. speed indicator). Your data grid (ground speed in Figure 1) and OAT provides that correlation for several to calculate Vc with Formula 4. In Equation-only Method this formula, P is in pounds per If you don't have access to standard speeds, and plotting Vc versus Vo square foot (lb/ft 2 ) as presented in atmosphere tables, dislike interpolat- will give you that information for Figure 2, OAT is in degrees C, V G ing, or prefer to do the entire data every airspeed. On a piece of graph paper, draw and Vc are in knots, and 0.369 in- reduction with your calculator, start cludes the necessary standard sea with Formula 6. Again, VG and Vc horizontal and vertical axes. Label level values of pressure and tempera- are in knots, and OAT is in degrees the horizontal axis "Observed AirC. PA is in feet, just as you recorded speed" and the vertical axis "Caliture to simplify the equation. Using data from our example grid it on your data grid. The numerical brated Airspeed." Then plot the corand Figure 2, it looks like Formula 5. values account for the necessary responding pairs of Vo and Vc. Fair Notice the V^ (table) in Figure 1 for standard sea level values of pressure, a line through the data points you this test run is 120.20 knots, but the temperature, density, temperature just plotted as shown in Figure 3. Gear Position Up Up Up Up Up Up Up Up Up



~J*SL,



Rap Position



Test Data Elapsed Observed Airspeed Time (sec) (kt) 40.0 120 36.9 120 35.1 140 140 32.9 162 30.4 162 28.5 100 48.0



0 0 0 0 0 0 0 0 43.6 100 56.5 0 85 50.3 85 0 Course Length (ft) = 7890



Pressure Altitude (ft) 1200 1200 1250 1250 1200 1200 1200 1200 1250 1250



OAT



(degC) 10 10 10 10 10 11 11 11 12 11



miMIOTMKNM*



Ground Speed (kt) 116.87 126.69 133.18 142.09 153.78 164.03 97.39 107.22 82.74 92.94



Calculated Data Avg Gnd Speed (kt)



100.81



87.84 86.47 86.48 Average Weight (Ib) = 1475



Figure 1 Sport Aviation
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Best Friend Feeds you rG PS



true airspeed, both indicated and pressure altitudes, plus your magnetic heading (with the



optional Model 303 Compass Module).



The ^Encoder Look What Else it Gives You!



Altitude Info. Pressure or density altitude on demand, with sellable alerts for preferred allilude. decision heighl, and more. Airspeed Info, indicated and Irue AS in kls or mph, plus Irends. sellable Vne, Vno. gear speed, flap speed, and stall speeds.
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ROCKY MOUNTAIN INSTRUMENT Phone 307-864-9300 • Fax 307-864-9264



PO Box 683 • Thermopolis, Wyoming 82443 For more information, visit SPORT AVIATION on the Web at www.eaa.org
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Test Pilot



Pressure (Ib/ft2)



If your line fits the data points 0 2116.22 well, you can extend it with a dashed 500 2078.26 line to show the predicted V O /V C 1000 2040.85 correlation at speeds slower than the 1500 2003.99 slowest airspeed you tested. Remem2000 1967.68 ber that this is only an extrapola2500 1931.89 tion, and the difference between Vo 3000 1896.64 and Vc generally increases at slower 3500 1861.91 airspeeds. 4000 1827.70 Do not rely on this extrapolation 4500 1793.99 5000 as a safe indication of how much 1760.79 faster than stall speed you are flying. 5500 1728.09 Your stall speed testing will provide 6000 1695.89 the observed stall speeds for differ6500 1664.17 ent configurations, weights, and 7000 1632.93 7500 center-of-gravity locations. 1602.17 Don't forget to perform the same 8000 1571.89 data reduction for those airspeeds 8500 1542.06 9000 you spot-checked with your airplane 1512.70 9500 at a different weight. You can plot 1483.79 10000 these data on your VO/VC graph to 1455.33 see how close they are to your original-weight line. If your spot-checked Figure 2 data points plot significantly above or below the line, you can fly an- emergency action preparation, etc. other full airspeed calibration test at During the data reduction you should the second weight. Plot this line on exercise good engineering judgment. the same graph, and don't forget to For example, if you noted on clearly label which is which. You can your test data card that your airalso plot lines for different configu- speed varied 5 knots during your rations on the same graph if it's not timing run, throw away that data. If too cluttered. You now have a handy some data points seem to be well plot for your airplane's flight manual off the faired line, go back to your for cross-country planning and in- data card to see why. Perhaps you were not as confident in your timflight reference. If you modify your airplane exter- ing on this run or not as steady at nally after conducting these tests, the start of the timing as you were you may have to fly another airspeed for the other runs. "Quality" notes calibration if the modification affects on your test cards can be very usethe air flow near the static ports of your pitot-static system. Whether the modification affects your airspeed indication depends on where it is relative to your static ports. It's a good idea to perform a spot-check of a few airspeeds after the modification. If the spot-checked data points don't fall on the line, fly another complete airspeed calibration. A Few Words About Judgment



During your test flight you exercised good piloting judgment in selecting the test site, minimum test altitude, 104
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Observed Airspeed (kt)
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ITC-401-ENRI Portable Intercoms Featuring Enhance Noise Reduction



ful after the flight to help explain data that doesn't seem to fit.



The more data you collect during the f l i g h t , the more confidence you'll have in your results. Fly at least five or six airspeeds during your test. More is better! The speeds you select should cover the entire airspeed range for that configuration. The test speeds don't have to be exact, but they should be close to your target speed. For example, if your plan calls for a 130-knot test run, but you find yourself stabilized at 126 knots as you approach the start check point, that's okay. Remember, you'll fair a line through these points anyway, and there's no good reason to abort an otherwise good setup just because you're off a few knots. What you should not do is start the run at 126 knots and try to "make it up" by ending the run at 134 knots. The goal is a rock-steady airspeed for the entire run. Your first run was at 126 knots, your reciprocal run should be at 126 knots. Make a note of any potentially interfering events that occur during the run because that information may come in handy after the flight to explain apparent data anomalies. That's it. The data reduction may seem a bit cumbersome at first, but you'll master it in no time. This month we started with elapsed time, observed airspeed, pressure altitude, and outside air temperature. We removed the wind effects by averaging reciprocal-heading runs and then turned that true airspeed into calibrated airspeed with the aid of an altitude table and a calculator. Finally, we created a useful plot of calibrated versus observed airspeed. Next month we'll step back from all this airspeed stuff and discuss a more fundamental issue raised by reader Terry O'Neill, namely angle of attack.
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Test Pilot: Airspeed Calibration 

2. P. Vc = 0.369 x VG x. OAT + 273.15. 2026.12. Vc = 0.369 x 121.78 x. = 120.21 ... aircraft, like LANCAIR, GLASAIR, CIRRUS, EXPRESS, QUESTAIR, VAN's, VELOCITY, etc. 2-, 3-, 4-, 5- ... but you find yourself stabilized at 126 knots as you ap-.
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Test Pilot: Airspeed Accuracy 

accurate time hack by noting when your shadow passes the .... airplane's first test flight. Preview the course ... Give yourself plenty of room to turn around for the ...
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Test Pilot: Airspeed Accuracy 

Repeat this process for the range of air- speeds your plane is capa- ble of flying, and you can create a table or plot of cal- ibrated versus observed air- speed.
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Test Pilot: Airspeed Accuracy 

Test Pilot. JANUARY'S "Ttsi PILOT" uis- cussed an airplane's vari- ... which is what we pilots read on the ..... data you call out over the intercom. A second crew ...
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Test Pilot: Airspeed Accuracy 

Repeat this process for the range of airspeeds your plane is ca- pable of flying, and you can create a table or plot of calibrated versus ob- served airspeed.










 


[image: alt]





Test Pilot: Climb Test Procedures 

cards brimming with numbers, it's time to transform them ... FPA Flight path angle. Figure 1 block is simply ... A persoiiali/ed membership card and EAA decals;.
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... forces or an overly sensitive feel, which means small. 102 JUNE 2000 .... As you perform all these sug- gested evaluations individually, remember that this is ...










 


[image: alt]





Test Pilot: Finding Vx 

why we discarded it. This month "Test Pilot" will use the same raw data to determine the. RV-6A's maximum climb angle and the associated airspeedâ€”Vx. Figure ...
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Test Pilot: Climb Performance 
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Test Pilot: Grading Glide 

O.O. Aircraft Company. Ohio offers ... Download our brochure at: www.rayallencompany.com. For more .... 2-Blade to 6-Blade designs available up to 2000 hp.
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Test Pilot: Climb Performance 

Repeat the test using different air- speeds. From the data you gather, you can determine which airspeed produces the best climb rate and what that rate is for ...
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Test Pilot: Stability & Friction 

Repeat this until you map the airspeeds faster than the trim speed. Remember, you're not expanding your airplane's flight envelope dur- ing this test. Do not ...
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Test Pilot: Climb Performance 

The sine of one angle of a right triangle is the ratio of the ... airplane's maximum climb angle depends on its Thrust, Drag, and ..... Major credit cards accepted.
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Test Pilot: Freeplay & Centering 

This position is the forward end of the freeplay band. The freeplay band is the difference between the aft and forward ends. 6. Repeat the test for left, then right ...
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Test Pilot: Airspeeds 

pletely accurate. FAA airworthiness ... To do its job accurately, the static port must be ... efficient engine operation; giving you maximum time in the air. And ...
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manometer, which applies air pres- sure to the airspeed indicator. The applied pressures correspond to ap- propriate airspeed readings, and the technician ...
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Test Pilot: Airspeeds 

static port. Because your airspeed indicator compares the pressure from the pitot .... If all these different airspeed cor- rections sound intimidating, take heart.
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Test Pilot: Airspeeds 

Jun 1, 2003 - 10,000 feet and more than 470 mph at 20,000 feet. Of course, if the quoted airspeed for this pressurized airplane is true airspeed at a pressure.
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Test Pilot: Sawtooth Climbs 

neuvers near your airplane's limit load factor can ... the repeated climbs and descents ... and VY airspeeds is one of the test's primary chores, and this means you ..... You'll know whether you ... In reality you can ignore this in most homebuilts.
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Test Pilot: Maneuvering Diagram 
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Test Pilot: Sawtooth Climbs 

You repeat this until you've covered the entire range of possible climb airspeeds. If your airplane had a smoke system, the repeated climbs and descents.
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Test Pilot: Climb Performance 

Mar 8, 2003 - feet above the water, you'll have to climb. No matter how .... House & Air Show ... ly, it depends on T-D, which is called excess thrust. The ratio ...
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Test Pilot: Maneuvering Diagram 

Maneuvering. Diagram. Flying safely inside the V-n boundaries. ED KOLANO knots calibrated airspeed, and stalls, wings-level, at 60 knots. It's a home- built, but ...
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