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ew aircraft systems are as outwardly simple at the pitotstatic system. While pitot tubes may look different, the basics are the same. A small probe oriented in the direction of flight measures the dynamic or ram air pressure created by the aircraft’s forward velocity, and a small hole perpendicular to the direction of flight samples the (static) pressure of the ambient air. The airspeed indicator subtracts the former from the latter to yield velocity. Static pressure also feeds the altimeter, which correlates the ambient pressure to a known reference and standard pressure lapse rate to tell us how high we fly. The vertical speed indicator (VSI), through a bellows with a calibrated orifice, converts the rate of change in static pressure to a rate of climb or descent indication. Despite its apparent simplicity, the pitot-static system can provide some mind-bending puzzles. Recently, a problem on my airplane caused me to reflect on the pitotstatic system and rethink some common symptoms. The trouble began right after takeoff. Despite the normal pitch attitude, the airspeed began climbing faster than expected. I retracted the gear and enjoyed the climb, silently remarking on the cool temperatures and effects of a light load. Once I leveled off in cruise, the airspeed for my altitude and power setting agreed with the book. Surely, the airspeed indicator was working just fine. When I began my descent, more problems arose. I reduced power and didn’t change the pitch trim, and the airspeed stayed pretty
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steady. But once I leveled off at an pressure or MAP gauge). If we set our fraction of what it is near sea level. intermediate altitude for an instru- power and climb 1,000 feet, we see In reality, the atmosphere seldom ment approach, the airplane didn’t that our MAP decreases by about 1 presents the “standard” conditions want to slow down, so I pulled the inch. To maintain constant power described in any basic aviation textpower back more. we adjust the throttle—at least until book. When temperature is below On final approach, the airspeed we run out of throttle. At full throt- the standard 59°F (15°C), the atmosagain didn’t look right: it was phere is denser, and the presTable 1—U.S. Standard Atmosphere lower than it should have been. sure change per 1,000 feet of (abbreviated) I rechecked pitch and power settrue attitude is more. At temPressure ting, confirmed that I was peratures above standard, the PSI mm Hg in Hg indeed gliding down the VASI Altitude air is less dense, and the rate of 14.7 760.0 29.92 (visual approach slope indica- Sea Level pressure change is less. Hence 12.2 632.7 24.91 tor) in proper fashion, and 5,000 the saying, “High to low, look 10.1 522.7 20.58 deduced that I really was at the 10,000 out below.” If we fly from an 8.3 429.3 16.90 proper approach speed. As I tax- 15,000 area of high pressure (or tem6.8 349.5 13.76 ied slowly onto the ramp, the 20,000 perature) to an area of low 2.7 141.2 5.56 airspeed indicator still read a 40,000 pressure (or temperature), the puzzling 45 mph. By the time I altimeter will read higher than pulled up to the FBO, it had tle, the MAP gauge will tell us our it really is, and the result can be returned to zero. Undoubtedly, approximate altitude. If we subtract non-habit forming. something was seriously amiss, and our full-throttle MAP from 30 and When it comes to measuring airthat would be the end of flying until multiply by 1,000, we have our speed, we once again notice that approximate altitude above sea things change with altitude. An airmaintenance sorted it all out. level. So, if we have the throttle fire- speed indicator is calibrated for sea Pressure Points walled and the MAP reads 25 inches, level, and that’s really the only place There’s more to all this pressure talk we should be at about 5,000 feet it’s accurate. As we climb into the than meets the eye. We all know mean sea level (MSL). wild blue yonder, the gap between that pressure changes with altitude, While this crude measurement indicated and true airspeed widens. but it doesn’t always change quite as can be helpful at times, it’s really Another rule of thumb is that true we expect. An accepted rule of only good at altitudes of about airspeed increases by 2 percent for thumb is that atmospheric pressure 10,000 feet MSL or less. The higher each 1,000 feet of altitude; so at decreases by about 1 inch of mercu- we go, the less the pressure change 5,000 feet, true airspeed is roughly ry for every 1,000 feet of altitude. for every 1,000 feet of altitude (see 10 percent higher than the indicatWe can quickly verify this in an Table 1). When we reach the upper ed airspeed. aircraft with a constant-speed prop flight levels, the pressure change per When going faster than 200 (and hence a manifold absolute 1,000 feet of altitude gain is only a knots at roughly 20,000 feet and Pitot tubes come in all shapes and sizes and are installed in various locations based on airflow and aerodynamic considerations.
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higher, the compressibility of the thin air makes a traditional airspeed indicator very inaccurate. In this realm an aircraft should measure speed in Mach (the ratio of airspeed to the speed of sound), which requires some additional computation and measurement of “total air temperature.” Many airspeed indicators have rotating bezels that allow us to correct for true airspeed. All we need to do is set our pressure altitude (indicated altitude with setting of 29.92 in Hg) and ambient air temperature by rotating the bezel, and the true airspeed will read on the rotating scale. (GPS can do one better by giving us ground speed.) Other factors affect the quality of airspeed measurement. Any time the pitot tube is not pointing directly into the relative wind, it registers something less than the correct speed. This can happen when we change the airplane’s configuration by extending the flaps and/or landing gear. Likewise, any time the static port(s) are oriented even slightly into the wind, they will read higher than true ambient pressure, which is why uncoordinated flight (such as a slip or skid) will cause the airspeed indicator to read low. To compensate for this many aircraft have two static ports, one on each side. Finally, we must be aware of the differences in calibrated, indicated, and true airspeed. The airspeeds we use in our day-to-day operations are indicated, rather than calibrated or true airspeeds, just to keep us out of trouble. However, a table is often provided in aircraft flight manual (and homebuilders should perform the flight tests that will provide this information) so we can see the effects of airspeed and flap settings on the airspeed reading.



Troubleshooting Under Pressure In training, we learn to diagnose pitot-static system problems. If the pitot tube is blocked, either by an industrious insect or a forgetful



Naturally, we need to check for blockage of the pitot tube during preflight, as insects such as mud daubers are well known for setting up residence in pitot tubes. pilot, the airspeed won’t indicate. In theory, pilots should notice an erroneous airspeed indication on the takeoff roll and abort the takeoff. In flight, icing can block the pitot tube, and if it also blocks the pitot drain, it traps pressure in the system, and our airspeed indicator acts like an altimeter, indicating a speed increase as we climb and a speed decrease as we descend. Applying pitot heat before flying in visible moisture is the best way to keep ice from blocking the pitot tube. Naturally, we need to check for pitot tube blockage during our preflight inspection because insects, such as mud daubers, like to set up housekeeping in them. Static blockages cause similar craziness: most notably, the altimeter won’t indicate altitude changes, but they also foul up the airspeed indications. Descending with a blocked static port registers an airspeed increase, and climbing with a blocked static port registers an airspeed decrease. Fortunately, many unpressurized airplanes have an alternate static source (something homebuilders should think about installing)—a second pilot-controlled static port in the cockpit. Because the cabin pressure is slightly different (typically lower) than the outside pressure, the altimeter will be off slightly when using the alternate static source. Alternate static errors of 25 to 200 feet are typical in most small aircraft. Think about that if you ever have occasion to shoot an instrument approach with alternate static air! If you don’t have an alternate static source, open the static system



drain—if the aircraft has one and you can reach it. As a last resort, break the glass face on the VSI to allow cabin pressure to enter the system through the calibrated hole in the bellows of the VSI. But I’ve heard reports that the glass is tough to break, so you might have to get creative. Typically, the transponder’s Mode C altitude encoder is connected to the airplane’s static system. So if the static port is blocked, ATC won’t have any better idea of our altitude than we do. Some encoders are not connected to the static system, meaning ATC might be able to help you with altitude in a blockedstatic-port emergency, but it means you must know to what system your encoder is connected. Perhaps the most puzzling scenario is a partially blocked static port. Puzzling because the altimeter and VSI register correctly, but they lag during climbs and descents. Similarly, the airspeed shows an increase during descent and decrease during a climb, but the indications return to normal once leveling off. Unfortunately, none of these “standard” problems seemed to apply to my airplane. Several days after my incident, the maintenance folks explained the source of my problem. The plastic tube leading from the pitot tube to the airspeed indicator had become kinked, and was thus acting as a check valve. In addition, the airspeed indicator case had a slow (and normally inconsequential) leak. When the pressure was great enough, the kinked hose would be Sport Aviation
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Pitot-static problems, while not always fun to sort out, offer the savvy builder or restorer some important considerations. forced open, and the airspeed indicator would read correctly. But as the airspeed was reduced, the pressure would remain trapped in the hose, until the excess leaked out of the case. A relatively simple problem had precipitated a truly mind-



boggling symptom. Fortunately, the problem happened in good flying weather. Had I been in instrument meteorological conditions, it would have been much more difficult to contend with the distraction.



Altimeter & Transponder Tests Knowing our altitude is a good thing, and to ensure that our knowledge is accurate, Federal Aviation Regulation 91.411 require that we certificate proper operation of the altimeter system every 24 calendar months. This regulation applies to aircraft that fly IFR, but altitude accuracy is important for VFR flyers, too. If our aircraft has a transponder, FAR 91.413 requires that it, too, be tested every 24 calendar months. Appendix E to Part 43 contains the altimeter testing requirements, and it’s more involved than one might guess. Testing the static system is a four-part test: verify that the system is free of trapped moisture and restrictions; determine that any system leakage is within prescribed tolerances; verify that the static port heater (if installed) works; and determine that no modifications or deformations have occurred in the area of the static port that would cause it to sense incorrectly. The altimeter check is more involved. You must remove the altimeter from the panel and install it in a test stand that applies a precisely calibrated vacuum pressure and vibrates the altimeter like an airframe would. The altimeter undergoes a barrage of tests, the first of which measures the barometric scale error, which compares the altimeter setting and the resulting altitude indication. With the altimeter set at 29.92, the scale error test checks the altimeter reading against precisely calibrated pressures up to the aircraft service ceiling or altimeter operating limit. A hysteresis test measures the mechanical operation of the altimeter’s aneroid (sealed bellows), ensuring that the “stiffness” is within limits. After several minutes at the altimeter’s upper operating altitude, the aneroid must constrict again as the ambient pressure increases. An after-effect test verifies that following the hysteresis test, the altitude reading at sea level altitude is still within limits. Finally, the friction test evaluates the altimeter’s pointers. If their movements have too much friction, the pointers won’t move properly as the aneroid expands and contracts with pressure changes. The transponder test is comparatively simple. In essence, it verifies that the altitude encoder reads the same as the altimeter within a tolerance of ±125 feet over its range of operation. 66
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Design & Construction Considerations Pitot-static problems, while not always fun to sort out, offer the savvy builder or restorer some important considerations. Obviously, as my airspeed puzzle pointed out, properly routing the tube from the pitot head to the airspeed indicator is critical. Be careful to avoid sharp bends that could result in kinks when the tubing expands or shrinks with temperature changes. Also watch out for places where the tubing could chafe. If a hole develops in the tube, airspeed measurements will surely be in error. “The most common problems with pitot-static systems are deteriorated hoses and fittings that become cracked and then leak,” notes Andy Myers of Integrity Air Services in Westerly, Rhode Island. When building or restoring an aircraft, take careful note not only of the tubing and its condition, but also of the condition of the fittings. If anything is beginning to feel brittle or look aged, get rid of it before it causes a problem. “Moisture problems are more common in the pitot system than in the static lines,” notes Myers. “If the airspeed, altimeter, and VSI all fluctuate together, that’s a good sign that there’s moisture in the line. The fluctuations occur as the air bubbles through the water.” (Installing a pitot-static system drain in your project is always a good idea.) Properly installing the pitot head is critical to proper airspeed measurement. Remember, any number of position (installation) errors can affect the reading. Changes in airspeed, angle of attack, aircraft weight, and aircraft configuration all affect the airflow around the pitot head, which can cause an error in the airspeed reading. Static system design is also important. “A multiple-hole static port is less apt to become clogged



IFR Altimeter Check Instrument-rated pilots know that they must check their altimeter’s accuracy before every IFR flight by verifying that altimeter indication is within 75 feet of the field elevation at the given altimeter setting. While the test is valuable, it does have limits, says Andy Myers of Integrity Air Services. “Just because an altimeter reads correctly at one altitude doesn’t mean it will read correctly at another.” Believing it increases in-flight accuracy, some pilots apply the ground-check error check to their altimeter reading in the air. But, Myers said, that just isn’t so. “It can read way off on the ground and then right on at altitude.” Another thing I learned is that even if an altimeter is dead-on accurate, you can’t certificate the system for IFR operations unless it has an appropriate manufacturer’s data plate. Some older aircraft originally certificated for VFR flight don’t have an altimeter with the requisite data plate, and as such can’t be certificated for IFR. The only solution appears to be installing a new altimeter. with wax or other substances than is a single-hole static port,” notes Myers. Dual static ports—one located on each side—will add a measure of redundancy and will provide better readings during uncoordinated flight. For an instrument flight rules (IFR) aircraft, consider installing an alternate static source, or a static system drain you can reach from the cockpit. Pitot-static systems seem simple, but like so many other things in aviation they’re often a bit more involved than they first appear. Considering the chaos that can ensue when that oh-so-simple pitot-static system fails, it’s a good idea to figure out the symptoms beforehand. When we don’t know how high we are or how fast we’re traveling, we truly are flying under pressure. Sport Aviation
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For more information, visit SPORT AVIATION on the Web at www.eaa.org
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