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The aviation books series provides the reader with an educational and enjoyable reading experience. A focus has been placed on practical, hands-on aviation by linking science with the real world. 
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Introduction
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When conducting a flight, pilots require a wide range of information. How fast is the aircraft traveling? How high? Is the engine healthy? The job of the flight instruments is to provide all this information to the pilot in a timely and accurate way. Conventional or traditional style flight instruments with a glass front and mechanical dials have served pilots well for many years. However, displaying flight information on large screens is now a common sight in small aircraft, known as the glass cockpit. Technology is rapidly changing the way that pilots interact with the aircraft. Along with the glass cockpit, advanced instruments have been developed to provide pilots with an extra safety layer during a flight.
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You will start your journey by exploring the primary flight instruments. These contain the most important information a pilot requires to fly an aircraft safely, such as airspeed and altitude. Next, you will explore the glass cockpit, which displays a rich source of uncluttered information on a number of screens. You will then take a step back and briefly explore some of the human factor considerations of flight instruments. Poorly designed flight instruments can contribute to accidents or incidents, especially when a pilot is already stretched to their limits. Next, you will explore some of the instruments that help you monitor the health of the engine, ranging from the tachometer to the oil pressure gauge. You will also explore several instruments that can help you during a navigation flight, known as radio aids. Although radio aids are primarily designed for pilots that are qualified to fly in low visibility conditions, visual pilots can also pick up the signal of these ground-based navigational aids. The final few chapters will explore a number of advanced flight instruments. These provide a huge safety benefit for pilots flying small aircraft, giving them an extra pair of ‘eyes’ to look out for a range of threats.

The focus of this book is on flight instruments in general aviation aircraft – primarily single-engine, propeller-driven aircraft. However, many of the flight instruments in small aircraft can be found in aircraft of all sizes. No matter what aircraft you fly, it is essential you have a solid understanding of the flight instruments in your aircraft.  



Chapter 1: Pressure Instruments
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When you sit down in the cockpit and gaze around at the huge array of instruments and displays, you may ask yourself what are the most important? Two instruments will likely come to mind – the altimeter and airspeed indicator. Due to their importance, it will not come as a surprise that these two instruments are positioned directly in front of you, commanding your full attention. Accurate altitude readings are essential to remain safely above terrain and separated from other aircraft. You also need accurate airspeed information to help keep the aircraft in the air. The altimeter and airspeed indicator belong to the pressure instrument family, which also has a third member, the vertical speed indicator. You will first explore the pitot-static system which is used by all three pressure instruments. You will then take a closer look at each pressure instrument, before exploring what happens when there is a problem, such as the airspeed pointer suddenly dropping to zero knots.
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Figure 1.1: The three pressure instruments and their typical location in the cockpit.


Pitot-Static System

The starting point of all three pressure instruments is the pitot-static system. The clever thing about this system is it is entirely self-contained, requiring no other inputs, such as electrical power. The system measures two types of pressure; static and dynamic pressure:


Static pressure is always present and may also be called ambient or atmospheric air pressure. In simple terms, static pressure is the result of air pushing down on a given point, and acts equally in all directions, as shown in Figure 1.2. At sea level, the average static pressure is about 1013hPa (29.92inHg). Static pressure reduces when moving higher in the atmosphere due to less overlying air. Even when the aircraft is moving it will still be exposed to static pressure.
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Figure 1.2: Static pressure is always acting on an object (equally on all sides) and pressure is increased when exposed to movement.



Dynamic pressure is the extra pressure over and above static pressure and is present during motion. This extra pressure is experienced when an object moves through the air or air flows past an object (e.g. wind), resulting in more air molecules slamming into the object. For example, if you placed your hand out of a moving car, you would feel extra pressure on your hand. Dynamic pressure is not just influenced by the speed of an object relative to the air, but also air density. Air density indicates how many air molecules are in a given volume of air. Air density usually reduces higher in the atmosphere. This means when traveling through the air at the same speed, dynamic pressure reduces higher in the atmosphere. This is important for some types of airspeed that will be explored shortly.



Total pressure is static plus dynamic pressure. In the earlier example of placing your hand out of the window of a moving car, you would feel dynamic pressure and static pressure. This is due to static pressure always being present. You will see the distinction between dynamic and total pressure is important when you explore the airspeed indicator. Total pressure may also be called pitot or ram pressure.



A key component of the pitot-static system is the pitot tube. The pitot tube has a hole in the front that air can flow into, allowing total pressure to be measured, as shown in Figure 1.3.
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Figure 1.3: The pitot-static system.


The pitot tube is often positioned where the airflow is not disturbed, such as under the aircraft wing. A small hole is also found at the back of the tube that allows moisture to drain out (e.g. if the aircraft has flown through a rain shower). Total pressure is then fed into the airspeed indicator, which is the only pressure instrument that utilizes total pressure. Most aircraft will have a pitot cover that is placed over the tube when the aircraft is not being flown to help avoid bugs, dust or other foreign objects blocking the pitot tube. During a preflight inspection it is essential pilots ensure the cover is removed and all holes in the pitot tube are clear. Some pitot tubes may also have an electric heater to reduce the risk of ice blocking the tube in flight. A little care is required when operating the pitot heater on the ground. Without air flowing over the tube, it can potentially overheat and damage the system.


Static pressure is measured through a static port. Aircraft sometimes have multiple static ports, usually located on either side of the aircraft fuselage. Multiple static ports even out any differences around the aircraft, allowing a more accurate measurement of static pressure. The static port has a small hole in which static pressure can flow in and out, and is fed to all three pressure instruments using small lines, as shown in Figure 1.3. Some aircraft may have a combined pitot-static head that can measure total and static pressure with the same unit (total pressure through the forward-facing hole, and static pressure through several holes in the side). 


Airspeed Indicator (ASI)


You may have heard the saying ‘airspeed is life’, as when an aircraft travels too slowly, it can plummet out of the sky. The speed an aircraft is traveling is directly related to the amount of lift it can generate, and as such, pilots need access to accurate and reliable airspeed information throughout a flight. But it is not just low speed situations that pilots need to be wary of, for example, pilots cannot operate the flaps when the aircraft is traveling too fast. The airspeed indicator converts dynamic pressure into an airspeed reading, usually displayed in knots.
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Figure 1.4: The airspeed indicator converts dynamic pressure into a speed.



The airspeed indicator works out dynamic pressure by taking total pressure and removing static pressure, with the help of a diaphragm. A diaphragm is a small flexible metal container that is directly connected to the total pressure from the pitot tube, as shown in Figure 1.4. Static pressure is canceled out (removed from total pressure) by feeding it into the airspeed indicator casing. Static pressure will exert itself on the diaphragm, meaning the diaphragm will expand or contract based on dynamic pressure. For example, when the aircraft travels faster, the diaphragm will expand. The diaphragm is connected to a mechanical linkage that converts the size of the diaphragm into an airspeed reading.


Airspeeds

The speed displayed on the airspeed indicator may not represent the speed the aircraft is traveling between two points. There are several different speeds you need to be aware of:


Indicated Airspeed (IAS) is the speed that the airspeed indicator displays in the cockpit. IAS is very important for principles of flight (aerodynamics), as the amount of lift generated by the aircraft is influenced by IAS. But IAS is less useful when determining how fast the aircraft is traveling towards your destination.



Calibrated Airspeed (CAS) is IAS corrected for instrument and position errors. Small errors may exist due to wear and tear and positioning of the pitot tube (also called pressure error) resulting in the pitot tube not measuring the airspeed accurately. When IAS is corrected for these errors, CAS is obtained. Some aircraft may have a known correction between IAS and CAS. In small aircraft, the difference between IAS and CAS is usually very small.



True Airspeed (TAS) is the actual speed the aircraft is moving through the air. IAS and TAS sound very similar and are very similar at sea level. The airspeed indicator is calibrated for sea level conditions or more specifically sea level air density. However, air density usually reduces with altitude, which means there are fewer air molecules in a given area. As a result, IAS may not provide a true reflection of the actual movement of the aircraft through the air when flying at higher altitudes. When flying higher in the atmosphere, to maintain the same IAS, TAS would need to increase (i.e. to get the same number of air molecules hitting the aircraft), as shown in Figure 1.5. For example, if the airspeed indicator is telling you the aircraft is traveling at 100 knots at 12,000 feet, the aircraft is actually traveling 120 knots through the air.
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Figure 1.5: For the same indicated airspeed (IAS), true airspeed (TAS) will vary depending on air density.



Groundspeed (GS) is the aircraft’s actual speed across the ground. Groundspeed is calculated by taking the aircraft’s TAS and factoring in wind. If the aircraft is traveling in the same direction as the wind, it will have a tailwind, which can be added to TAS, therefore a higher groundspeed can be expected. If the aircraft turns around and flies into the wind, it will have a headwind, which will be subtracted from TAS, resulting in a slower groundspeed, as shown in Figure 1.6.
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Figure 1.6: A tailwind will result in a faster groundspeed (GS) compared to a headwind (for the same true airspeed [TAS]).


When all the speed factors are combined, it can be seen that two aircraft can fly with the same speed displayed on the airspeed indicator, but have completely different groundspeeds.

Airspeed Markings


Most airspeed indicators will have color-coded markings, allowing pilots to see at a glance if they are at risk of flying at an unsafe airspeed. These follow the logical color codes, whereby green is generally the safe range, yellow indicates the pilot should be on alert and red is danger. There is also extra speed-related information, such as white for the flap operating speed range. We will start at the lower speed range and make our way up, as shown in Figure 1.7:
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Figure 1.7: Airspeed indicator color markings.



The green arc is the normal speed range of the aircraft. The lower limit of the green arc represents the speed that the aircraft will stall at with flaps retracted and power-off (stall means a sudden reduction in lift). This speed is also called VS1. Aviation has a number of defined standard ‘V’ speeds. The upper limit of the green arc is the maximum structural cruising speed of the aircraft or VNO. 
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