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M ARCH ’ S “T EST P ILOT ” FIN ished explaining how to calibrate your airplane’s airspeed indicator. We laid Working the wing to your advantage the foundation with a little theory, explained the ED KOLANO test procedures, and finished with the data reduction that created plots (or charts) of observed airspeed (what you read on your airspeed indicator) AOA versus calibrated airspeed. Cho rd L ine Relative Wind No doubt about it, airspeed is important. The Federal Aviation Regulations define more than two dozen V speeds, and Figure 1 aviation texts define dozens more. Stall speed, maneu- can happen at any airspeed, at any vering speed, maximum range attitude, and at any power setting. speed, best glide speed, and on and Regardless of the airplane’s flight on. All are handy numbers for pi- condition, the wing always stalls at lots, but they all depend on your the same AOA. If a wing stalls at the same AOA, airplane’s weight or altitude or why does your airplane stall at a flight condition. What if you had a single number faster speed when it’s heavier than you could fly that would guarantee when it’s lighter? Or at a faster speed maximum range regardless of your when turning than when flying airplane’s weight? Or a single num- straight? Your airplane stalls at difber to replace stall speed that would ferent speeds precisely because the be correct whether you’re straight stall AOA does not change regardless and level or in a hard turn? These of the condition of flight. Let’s look numbers exist, and they’re called an- at the lift equation to see why. gle of attack. 1 Angle of attack (AOA) is the angle L = — x r x V2 x S x CL 2 formed by the wind and the wing. Specifically, it’s the angle between L is lift. r (the Greek letter rho) is the relative wind and the wing’s chord line, the imaginary line be- air density. V is true airspeed. S is tween the wing’s leading and trail- wing area. CL is the wing’s coefficient of lift. If we limit our comparison to ing edges, as shown in Figure 1. one altitude, the air density doesn’t Stall AOA change. Wing area certainly doesn’t All pilots know that a wing stalls change, and neither does the numwhen it exceeds its critical angle of ber 1/2. That means true airspeed attack. And, as the Airplane Flying and lift coefficient determine lift. Handbook (FAA-H-8083-3) says, this Lift coefficient is a convenience 112
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term aerodynamicists use. The value of CL depends on the AOA as shown in Figure 2. You can see how higher AOAs produce larger CL values up to a point where the C L drops off—sometimes dramatically—if the AOA increases any further. On the C L versus AOA curve, the AOA corresponding to the highest point (CLmax) is the stall or critical AOA. What’s significant is that this plot is valid for all flight conditions—climbing, descending, turning, or level. No matter what airspeed you fly, your airplane will always stall at the same AOA. Because there’s only one C L that corresponds to the stall AOA, your airplane will always stall at the same CL. During 1G flight, lift equals weight. When you slow down, V (true airspeed) decreases, so CL must increase to maintain enough lift to support the airplane’s weight. You’ve done this many times during slow flight. To compensate for the decreasing airspeed you apply ever more back stick to increase the AOA. When you reach CLmax, increasing the AOA any further results in a lower C L and a loss of lift, and the wing stalls. The speed at which this happens is the airplane’s stall speed.



Final Approach Let’s put some real-world numbers into the lift equation. Our airplane weighs 1,000 pounds and has a wing area of 100 square feet. We’re flying the traffic landing pattern at 1,000 feet pressure altitude, where the air density is 0.0023 slugs per cubic foot. Our airplane’s CLmax is 1.8.
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Level Turn Bank Angle (deg) Figure 3 Plugging these values into the lift equation and solving for V, we get a 1G stall speed of 69.38 feet per second or approximately 41 knots. A typical landing approach speed is 1.3 times the stall speed or 53 knots. If we add a passenger, some luggage, and top off the fuel tanks, our airplane would weigh 1,400 pounds. At this weight the stall speed would be about 49 knots. If we used our landing approach speed based on the lighter weight airplane, we’d be flying just 4 knots faster than stall speed. In this case a 5-knot gust could be disastrous. With the heavier loading, the recommended approach speed would be 64 knots (1.3 x 49 = 64). If we flew this speed in the lighter airplane, assuming the airplane touched down just as the plane reached its stall speed, we’d float a long way down the runway while dissipating that extra 23 knots (64 - 41 = 23). If our airplane had an AOA indicator, we could have flown the same landing approach AOA at both weights. The airspeeds still would have been 53 knots with the lighter loading and 63 knots with the heavier loading, but we’d have had the same stall protection in both cases. Pretty handy, huh? Sport Aviation
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For more information, visit SPORT AVIATION on the Web at www.eaa.org



Test Pilot Turning Stalls In a turn, the wing produces more lift than the airplane weighs, and the effect on the stall speed is identical to loading the airplane to a heavier weight. The effect on stall AOA is also identical—the stall AOA stays the same. Pilots know that a level-flight, 60-degree bank turn generates 2Gs. This means the wing is generating an amount of lift that’s twice the



airplane’s weight or two times what it is during straight-and-level flight. This is true for any 2G maneuver, whether the airplane is in a turn or inverted at the top of a loop. 1 L = 2 x W = — x r x V2 x S x CL 2 If you let the airplane slow down while maintaining your 2G pull during this turn, the wing still stalls when its AOA exceeds its critical value. Because C Lmax doesn’t change, the only other variable that
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can change is the airspeed at which C Lmax occurs, i.e., the stall speed. The stall speed is faster than during 1G flight. In this example, the stall speed is 1.4 times faster than during 1G flight. It doesn’t matter what the airplane’s weight is, what the 1G stall speed is, or what the altitude is (altitude determines r ) to know how maneuvering the airplane affects stall speed. Because the stall AOA stays the same, the only thing that affects stall speed in our example is how much lift the wing is producing or, said another way, how hard



What if you had a single number you could fly that would guarantee maximum range regardless of your airplane’s weight? you’re maneuvering. In the steep turn, we increased the lift by a factor of 2, which means the stall speed squared (V2) increased by a factor of 2, and the square root of 2 is approximately 1.4. In a 3G maneuver, the stall speed would be the square root of 3 (approximately 1.7) times the 1G stall speed and so on. This relationship holds true for any airplane at any weight at any altitude. We used a level turn in our example, but the argument is just as valid for any 2G maneuver. The wing doesn’t care about its orientation to the ground. The stall speed is the same during a 2G pull-up, a 2G level turn, or a 2G pull-down during inverted flight at the top of a loop. (Figure 3 shows the relationship between stall speed and lift factor or G.) Figure 3 also shows the relationship between stall speed and levelturn bank angle. We can include this bank angle scale because the lift
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Flaps Up



AOA Figure 4 factor (or number of Gs) required to remain level during a turn depends on bank angle only. For example, a 60-degree bank level turn requires 2Gs in every airplane at any altitude at any weight at any airspeed in any configuration. Changing your airplane’s configuration can change its stall AOA, and flaps are the perfect example. You know that lowering the flaps lets you fly slower. What the flaps really do is enable the wing to generate more CL, usually at a lower AOA (Figure 4). With the higher CL capability, the wing can fly slower and still produce enough lift. Changing configurations changes the stall AOA and CLmax from the previous configuration, but the stall AOA and CLmax for the new configuration don’t change. In other words, a 2G stall with the flaps down will occur at 1.4 times the 1G



stall speed with the flaps down. These stalls will occur at the same AOA, but this AOA will be different from the flaps-up stall AOA. The bottom line is, for every configuration there is only one stall AOA. If your airplane had an AOA indicator, you would know how close you are to stalling under all flight conditions. A red mark on your indicator for the cruise configuration stall AOA and a different mark for the landing configuration AOA would keep you better informed than applying the same airspeed for all airplane weights and configurations. Another mark on the indicator for your airplane’s proper landing approach AOA can be a lifesaving cross-check of your final approach airspeed. There’s one more mark you might want to have on your AOA indicator. That’s for the AOA that results in both your maximum range cruise speed and your maximum range engine-out glide speed. Now that’s a useful number, and we’ll explain why next month. Thanks to Terry O’Neill for his suggestion to address angle of attack in “Test Pilot.” Send your comments and suggestions to Test Pilot, EAA Publications, P.O. Box 3086, Oshkosh, WI 54903-3086 or to edito [email protected] with TEST PILOT as the subject of your e-mail. Sport Aviation
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Test Pilot: Angle of Attack 

Thanks to Terry O'Neill for his suggestion to address angle of attack in "Test Pilot." Send your comments and suggestions to Test Pilot, EAA. Publications, P.O. ...
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Test Pilot: Angle of Attack 

maneuvering the airplane affects stall speed. Because the stall AOA stays the same, the only thing that affects stall speed in our example is how much lift the ...
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04 Angle of Attack Awareness and Angle of Attack Management 

applied to correct for nonstandard weight and/or load factors. 3 ... An airplane, by its very structure, ... is subjected to a high G-loading, as in a steep turn, the trim ...... In principle, the calibrated airspeed depends on true airspeed and on .
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Angle of Attack Awarness 

Here is a summary of the main ideas that will be explained in this chapter: .... Configuration changes can affect the airplane's preferred angle of attack. ..... you start the climb, you can bet that you will need roll those three sectors black out t
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Shop Talk: Angle of Attack Indicator - AeroElectric Connection 
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Test Pilot: Cockpit Evaluation 

... 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 ...
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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: 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: 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: 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. 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 ...










 


[image: alt]





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.
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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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