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a tube placed in the airstream and carried to the airspeed indicator with tubing. ... to supply the free air ambient pressure to the instruments. That would be-easy if the ... The test procedures presented here require no elaborate equipment, and ... 
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TESTING YOUR HOMEBUILT: _________PITOT-STATICS_________ by Eric Hansen, EAA 53042 USAF Test Pilot, 38214 7th St., West, Palmdale, CA 93551_________



HOW TO TEST YOUR PITOT STATIC SYSTEM ... AT THREE DIFFERENT LEVELS OF COMPLEXITY Pitot-statics is a term used to describe the method of using pressures to measure the altitude and airspeed of an aircraft in our atmosphere. Because there are always errors in any measuring system, it's necessary to define and measure the errors as closely as possible to have any reasonable accuracy. But then the measuring system used to measure the errors will have errors, so, theoretically, no measuring system will ever be perfect. We can choose the amount of error we want to accept, however, and for homebuilt aircraft, it's probably okay to aim a little lower than perfection. Three methods of widely varying accuracy will be presented in this short discussion to calibrate the pitot-static errors in your airplane. One method will be incredibly crude, another just fair, and the third will be pretty good. We'll next discuss where the errors come from, then go into how to do each of the three calibration methods. First, let's look at a typical pitot-static system and see where the errors orignate. The primary instruments are the airspeed indicator and the altimeter. The airspeed indicator measures the pressure difference between the pitot and static source, and the altimeter measures the pressure at the static source. The primary sources of error are the instruments themselves, the pitot source and the static source (see Figure 1). Late model, new instruments are usually pretty good. If you have them and are willing to trust their accuracy, the testing discussion that follows will assume no instrument error. Older, used instruments are very suspect: they may have leaks, worn gears, worn pivot pins and weak springs. If you're serious about having accurate airspeed and altitude, buy new or overhauled/certified instruments, or have an instrument shop overhaul and calibrate yours. Ask the instrument shop to provide you with a calibration sheet for each instrument. Apply this instrument correction to every cockpit reading you take in testing before making calculations. The pitot system derives its name from the engineering notation, "PTOT" for P — total, or total pressure. It is the sum of the ambient air pressure and the dynamic air pressure in flight. This sum, or total pressure, is collected in the front of a tube placed in the airstream and carried to the airspeed indicator with tubing. As long as there are no leaks and the tube is placed in the free airstream, errors are usually negligible. For subsonic light aircraft, the size and shape of the tube have no effect at all on its function, and it can be misaligned up to 20 degrees from the free airstream without noticeable error. The static system is always our big problem. It's supposed to supply the free air ambient pressure to the instruments. That would be-easy if the airplane could sit still in the air. Since most people build airplanes that move through the air, and any shape moving through the air has a variable pattern



of pressures around it, the static source has to be located somewhere on the airplane where the pressures remain as close to ambient as possible without variations due to speed, angle of attack or sideslip. Aircraft manufacturers do engineering analysis, wind tunnel work and some cut and try to find a suitable static source location. Some manufacturers just guess and cut and try — and do pretty well. Homebuilt designers sometimes find a good place for a port and sometimes they don't. Most often, finding a static source location is left to the builder — with resultant wide variations in airspeed and altitude errors, even for the same basic aircraft designs. A frequently selected location is on the sides of the fuselage, manifolded together to equalize sideslip errors. Another location is on the sides of the pitot tube or another tube sticking out into the free airstream. Holes are drilled around the periphery of the tube some ways back from the tip. Some typical pitot-static set-ups are shown in Figure 2. In flight tests, more reliable static sources are used to calibrate the aircraft's proposed pitot-static system. One method is to place the static source well out ahead of the aircraft's pressure disturbances, usually on a long pitot boom either half a chord ahead of the wing leading edge or half a fuselage length ahead of the nose. Another is to use a bomb shape or a cone at the end of a tube trailing behind and below the aircraft, outside of the aircraft pressure disturbances. These methods require additional equipment and instruments beyond the scope of most homebuilders. RAM AIR
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FIGURE 1.



Basic Pitot Static System



The test procedures presented here require no elaborate equipment, and most people can handle the calculations on a good hand calculator. To decide on which method is suitable for you, consider the accuracy you require. If you want to compare your performance to another aircraft, you'd better be accurate. Some builders are greatly disappointed that their machine doesn't SPORT AVIATION 37



MOST TYPICAL LIGHT AIRCRAFT ARRANGEMENT



WITH THIS ARRANGEMENT, THE TUBES MUST BE LOW ENOUGH AND FORWARD ENOUGH TO BE OUT OF THE WINGS PRESSURE DISTURBANCES.



THIS ARRANGEMENT, OR SIMILAR WITH THE PITOT "BOOM" ON THE NOSE IS LESS SUBJECT TO ERRORS.
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FIGURE 2.



Typical Pltot Static Systems



fly as fast as the designer claimed (which may not be a



pitot-statics problem) or they may be wildly ecstatic that their creation cruises 25 mph faster than everyone else's. Actual performance variations will result from differences in weight, rigging and attention to aerodynamic detail, assuming the same thrust. The only way to make fair comparison is to make sure the numbers are right. YOU MUST HAVE A GOOD PITOT-STATIC SYSTEM —



Assuming you have a reasonable pilot-static system with a useable pilot tube location and a fairly stable static location,



no leaks, and a good set of instruments, let's look at some



ways to test and calibrate the system for flight. YOU HAVE TO FLY — There's no way to get the information for your unique airplane without flying it. You have to fly a flight test period for the FAA anyway, so here's something to do after you've established your engine cooling and reliability, refined your rigging and flight controls, and feel fairly confident that your airplane is safe and airworthy.



METHOD ONE (INCREDIBLY CRUDE) If you don't really care to compare to anything or anyone else, and your airplane is a day VFR hedgehopper, this method is for you: Do nothing at all and accept your errors. As long as your cruise speed is the same number and your stall speed is the same number, you don't need to know what the number represents. You could even rescale your airspeed indicator without numbers (see Figure 3). Although the FAA requires you to have a sensitive altimeter, the FAA doesn't say how accurate it must be for day VFR. As long as you're below 3000 ft. AGL, you don't have to comply with VFR hemispheric altitudes.



METHOD TWO (FAIR) If you want to get in the ballpark but don't need a dugout seat, this method is easy and fun: fly formation with a pace 38 MAY 1987



aircraft and find the differences. This method requires another aircraft whose airspeed and altitude errors are known or are negligible for the precision you desire. For you, flying formation may not be so easy or safe; either don't do it or find someone who can. Also, finding another "calibrated" pace aircraft can be tough. FLYING FORMATION — It doesn't matter whether you fly formation off the pace aircraft or the pace flies formation off



of you, as long as whoever is leading establishes the test



points on his instruments. Whoever is leading should fly straight and smoothly, precisely on altitude and airspeed for each test point. The lead should choose an area of uncongested airspace in which to fly, and be responsible for clearing for the flight. Each of you should have thoroughly discussed the details of your formation flight and safety procedures, have a good method of plane to plane communication,



and have identical test cards showing each airspeed and



altitude test point. THE PACE AIRCRAFT — An aircraft with known, precise



calibration is not usually found outside the test community.



For this reason, this method probably won't result in better than 3 or 4 mph accuracy. The closest substitute for calibrated pace aircraft is a late model production aircraft with a speed range similar to your aircraft. The FAR's require a production aircraft to have at most a 3% or 5 knot error, whichever is greater, and better than +30 ft. of altitude error at sea level. Most production aircraft do much better than that. Many aircraft operating manuals supply an airspeed correction chart that you can use to get more precision. COLLECTING DATA — The pilot in the lead aircraft must stabilize as closely as possible to the altitude and airspeed for each point. The formation pilot must stabilize relative to the lead, exactly level, with no fore or aft movement. The formation pilot calls "ready, read" and both pilots note and record their actual airspeed and altitude indications at that instant. Establish points every 10 mph from slow flight up to



your maximum compatible speed. One altitude will do if you want to make some simple calculations to establish the altimeter error for all altitudes. If not, do the same airspeed points — within the performance capabilities of the two aircraft — every 2000 ft. up to the maximum altitude you want to calibrate. Both aircraft should use a 29.92 altimeter setting so that actual pressure altitudes are recorded. Be sure to reset the local altimeter setting when you are finished. Figure 4 shows an example of a typical test card to fill out as you fly.
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Speed Course Calculations Results



If you have the correct altimeter setting and are flying an indicated zero altitude at 150 mph, assuming no instrument error, you are really flying 65 ft. above sea level. The correction could go the other way: if the static source is located in an area of slight vacuum, you'd be subtracting the altimeter



Airspeed Position Correction vs. Indicated Airspeed



SUMMARY We've reviewed the basics of a pilot-static system, seen where the errors come from and covered three methods of dealing with the errors. There are other ways to test and determine pilot-static errors, but they're for the big boys with the fast machines and lots of money. In presenting the methods I've covered here, I've made what I consider safe assumptions to simplify things considerably. Those of you out there who are well grounded in aerodynamics, flight test and pitot static theory will recognize these assumptions and understand their validity. For those of you who aren't, trust me. Next time someone claims his T-18 is faster than yours, ask him what his A V.*. is. SPORT AVIATION 41
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PARTIAL TABLE U.S. STANDARD ATMOSPHERE



Note: For those who have scientific calculators or home computers, the following equations may be



used: A 9
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Explanation of Greek Characters



Engineers find It very convenient to use another alphabet to describe numerical relations or functions. In this case the following Greek characters



are used: 6



"delta" (lower case) Used to describe the ratio of ambient atmospheric pressure to standard sea level atmospheric pressure.



A



"delta" (upper case) Used as a p r e f i x to indicate t h a t the number Is a small Increment of the base q u a n t i t y .



o



"sigma" (lower case) Used to describe the ratio of ambient air density to standard sea level air density.
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"theta" (lower case) Used to describe the r a t i o of ambient air t e m p e r a t u r e to s t a n d a r d son level
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Testing Your Homebuilt 

Jan 24, 1977 - like to mention a few points which are often missed. .... requires an adequate runway, and if you don't have an adequate runway .... the game.










 








Painting Your Homebuilt - Size 

Some Thoughts About Color. Before deciding on the paint scheme, you should first select a color or colors to use. Maybe you have a "favorite color." Even so, it.










 








Designing Your Homebuilt - Size 

weekends to playing golf, or any other hobby he cares to .... ventional" configurations, meaning one wing in front and .... want (in knots) and the gross weight.










 








Testing Your Homebuilt Pitot-Statics 

craft â€” every 2000 ft. up to the maximum altitude you want to calibrate. Both aircraft should use a 29.92 altimeter setting so that actual pressure altitudes are ...










 








A Bubble Canopy for Your Homebuilt - Size 

I finally worked up the courage to tackle this project. Actually, Linn deserves the credit for this report since, for the most part, ... a neoprene or rubber gasket seal, then a second sheet of. % in. plywood .... cost me less than $8.00. The finishe










 








Muscle For Your Homebuilt Autopilot - Size 

the full travel of the manual controls so as not to re- strict travel which might ..... diameter holes and then using a hand grinder to provide a fairly smooth surface .... instructions on how the system works and how to build, install and operate it










 








Flight Testing The Homebuilt Airplane 

for an hour or two and get checked out not just on how to take off, fly the ... When you finally climb aboard your brand- new "labor of .... During the roll-out the ef-.










 








Homebuilt aircraft i.. - Size 

Feb 26, 1985 - windshield bow (frame) or a hand grip built into the ... Painting the canopy glass on the in- ... in the top of the glareshield (windshield.










 








Maintaining Your Homebuilt 

for which an experimental airworthiness certificate has ... Part 91.319(c), which says the FAA can .... its certificate type and the name, signature, and number.










 








Painting Your Homebuilt 

ness" is the intensity. The hue describes the name of the color such as yellow, red, blue, etc. The value describes the lightness of a color. The lighter the hue, the.










 








Flight Testing The Homebuilt Airplane 

... researched all available treatises on this subject, nor does he claim to be an ex- ..... termed "hazardous." Hartranft said that because the private airplane op-.










 








Maintaining Your Homebuilt 

to complete their airplanes. Others are the second owner of an amateur- built experimental aircraft. ... that apply to a specific, .... tos, alternators, and other "appliances" that may be in- stalled on your .... Check the competition and compare.










 








Non-Destructive Testing - Size 

and to save yourself a buck, always wash all parts and take them in when the ... the application of a spray on the parts to be tested, also some is applied to a bar ...










 








Homebuilt Wind Tunnel Research - Size 

controls. Thus initially motivated, I began an intensive search for Flying Flea information, a search that eventually led to publications ... orthodox but simple devices that may have a tremendous sales potential. ..... former (temperature control).










 








Muscle For Your Homebuilt Autopilot 

pressure or vacuum air-operated actuators for airplane autopilots as ... not pursued use of these larger servos for two reasons; .... has been very little flow of air through the valve. There .... cause it just happened to be handy when I was looking










 








structural testing - Size 

complex wing testing project, a great deal can be accomplished with very ... (French Cricket) and 3(b) the compos- ite (wood?) solution. Wings of this kind should ...










 








Avionics For Homebuilt Aircraft - Size 

(Part 1). During the Golden Age of Aviation, when most airplanes performed about the way our modern "low 'n slow" ones do .... standard "form factor" for Terra radios is a couple of ..... Apollo Flybuddy Plus your life not .... wing leveler (opt.).










 








Antenna Considerations For Homebuilt Aircraft - Size 

Coaxial cable is generally used to connect both com- munication and navigational antennas to the radio equip- ment. RG 8/U, .405 in. diameter, or RG 58A/U, ...










 








Sizing Your Wings - Size 

its many square feet of surface area through ..... fuselage was a circle, you would add the ... tiply by pi to get the circumference. .... justify the title in the column.










 








Fuel Systems For Homebuilt Airplanes - Size 

gonomic practices, fuel selector valves being the most prominent. It is abso- lutely amazing ... which is such a good "teapot" for boiling fuel. When the .... sump drains they become unneces- sary, or at best .... 1 watt). This resistor limits the po










 








Installing Your Engine - Size 

stallation the manufacturer recom- ... probably transport the engine your- .... material. Sheet-metal builders usu- ally rivet the firewall material to whatever creates ... solutely sure everything is where it should be should you drill your first ho










 








Fuel Systems for Homebuilt Aircraft - Size 

are attributed to carburetor ice. The solution to this problem is a fuel re- ..... the CAFE Foundation Research Mooney M20E. header tank because it vibratesâ€”.










 








Models For Test and Designing Homebuilt - Size 

evaluate any aircraft design is to build an accurate model and test it in a variety of ways. Test procedures can be very simple or ... model; maybe a simple hand launched profile scale model .... auxiliary functions like retractable land- ing gears .










 








A Bubble Canopy for Your Homebuilt 

pany that makes raised-letter plastic signs, thinking that these people would .... I wasn't able to find such a box locally and so decided to build one out of >/â€¢> in.
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