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Preface

 

 

Flight-Sim Maneuvers: 21st Century goes beyond basics into fundamentals and methods taught by real flight instructors and used by real general-aviation pilots without bogging you down in aviation and aeronautic minutia you will never need. In my book, you will find:


		clear descriptions and explanations of typical aviation maneuvers,

		concise definitions of relevant aviation and aeronautic terms, 

		simple yet detailed explanations of aeronautics,

		professional flight practices for all the explained maneuvers,

		step-by-step instructions on how to execute the maneuvers,

		relevant and needed maneuvers for general aviation flight simulation,



You will enjoy deep satisfaction when you successfully execute these maneuvers in your simulator the way real pilots do in their real aircraft.

 

Aircraft Referenced in This Book

The following eight light general-aviation aircraft are suitable examples for the basic flight instruction in this manual:

 



		Beechcraft G36 Bonanza

		Cessna 152

		Cessna 172 Skyhawk

		Cirrus SR22 

		Diamond DA20

		Diamond DA40

		Flight Design CTLS 

		Robin DR400-100 Cadet



 


Users are welcome to graduate themselves to larger and faster aircraft after learning how to simulate proper flight in small and light aircraft.

 

Important Clarifications

A few things must be clarified that are sometimes misunderstood by some readers and book reviewers.


		Flight-Sim Maneuvers: 21st Century focuses on visual flight lessons under Visual Flight Rules (VFR) with emphasis around base airports and short-range flights.

		Cross country navigation is explained fully in my Flight-Sim Navigation.

		Instrument flight (IFR) is explained in my Instrument Flying for Flight-Sim Pilots. 

		References to my other books and videos are for the convenience of my readers so they know where to find further information. 

		This book is organized and its graphics are designed to help home flight-simulation enthusiasts learn about real-world aviation most efficiently. The organizational method and the graphic designs are my deliberate choices as a professional trainer to achieve this goal. 

		Manufacturer-specified data such as airspeeds and power levels were obtained from the most reliable sources. They are accurate enough for home flight simulations. 

		Aerobatics, novel maneuvers, and aircraft failures are deliberately left out of this book so you can focus on maneuvers necessary for simulating typical general-aviation flights.

		All my books are intended for flight simmers who know little or nothing about aviation or experienced simmer who want to learn more than they know. My objective is to enable simulating flight the way real-world pilots fly their real airplanes. It is also useful as a reference for use during your simulations. 

		This book is not about how to use any flight-simulation program in particular. It refers to Microsoft Flight Simulator ™ 2020 because that game is popular. Aviation principles and methods can be applied to other home flight-simulation games.

		Microsoft Flight Simulator™ 2020 was issued in August 2020 with numerous glitches and flaws. More than 30 corrective updates had been issued as of this writing, yet many flaws had still not been resolved. They are mentioned in the book where relevant. 

		Every effort has been made to produce an accurate instructional manual. If you find any facts that you believe might be in error, please let me know so I can investigate. 

		This book should not be used for real-world aviation under any circumstances. 



Why do I emphasize and repeat these facts? Because I am sometimes wrongfully criticized by pilots and flight simmers who misunderstand the purpose of my books and ignore my explanations and caveats. I write these books for people who want to enjoy simulated flight in their homes. Every decision I make about content and level of detail is guided by this purpose.

I sincerely believe you will enjoy using and learning from my books, and I wish you the most realistic flight simulation possible. Happy flight simulating!

— Bill Stack

Author
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Chapter 1

Understanding How Aircraft Fly

 

Simulating flight realistically requires knowing how real aircraft fly – how they lift off, climb, turn, descend, land, and more. These facts are referred to throughout the book because everything you do in your simulated aircraft relies on them. It will all make sense when you read those chapters and apply those skills.

Lift Makes It Fly

The invisible force that moves aircraft off the ground and keeps them from falling back down again is called “lift.” It is such a simple principle that we wonder why nobody discovered it until around 1900. 

Lift is officially defined by aviation authorities as follows: 


		“the upward force on the wing acting perpendicular to the relative wind and perpendicular to the aircraft's lateral axis to counteract the aircraft's weight” (United States Federal Aviation Administration). 

		“the component of the aerodynamic force exerted by the air on an airfoil, having a direction perpendicular to the direction of motion and causing an aircraft to stay aloft” (Dictionary.Com).



The curved shape of a wing causes air flowing over it to pass faster than air passing under it. That velocity difference causes lower pressure above the wing than below it. The higher pressure below pushes against the lower pressure above. The wing rises along with the air below it. Voila! We have lift, and the aircraft flies.

 

Thrust Enables Lift

Lift is created by moving the aircraft fast enough for the air around it to create the necessary pressure differences. That speed usually ranges from 50 to 75 knots for most light general-aviation aircraft. Once airborne, the aircraft must travel faster than its basic take-off speed to remain aloft. That is one reason that cruise speeds are higher than take-off speeds. Specific velocities vary according to the aircraft’s weight and the shape and area of its wings. Other variables affect lift such as airport elevation, local air pressure, and wind conditions.

Thrust is a linear force that moves an object through air. An explosive charge in a cannon provides thrust that moves a cannonball through air. Explosions inside an aircraft engine provide thrust from positions to crankshafts to propellers. An aircraft’s thrust enables forward motion, acceleration, and lift. Manufacturers install engines with enough power to move the aircraft through space, provide sufficient lift, and keep them airborne. 

Pilots use this power according to needs: high power to take off and climb, somewhat less power to cruise, and even less to descend and land. Pilots routinely increase and decrease their aircraft’s thrust by adjusting the throttle, just as automobile drivers increase and decrease their power with their accelerator pedal. 
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Figure 1-A: Lift, thrust, and airflow

 

More power is usually needed for taking off than cruising because more physical force is needed to overcome inertia and move the aircraft from a stationary position. Friction of the wheels with the runway surface is another factor to overcome. Not as much power is needed to keep the aircraft moving. These are reasons that higher speeds with the same power or less are possible after taking off.

When you advance the throttle in your simulation aircraft, a simulated engine makes the simulated propeller spin faster. Your simulation aircraft moves down the simulated runway, accelerating to the speed that it needs for taking off. It makes simulated sounds of a simulated engine and its propeller spinning faster and faster. It also makes simulated noises of wind outside as it moves faster and faster through the air to produce lift. And it makes simulated sounds of tires rolling faster and faster as the aircraft accelerates down the runway. 

Everything explained in this chapter applies to all other chapters. When you read those chapters, you will appreciate this chapter.

At an airspeed called “VR,” the pilot pitches the nose up by pulling back on the yoke or stick. This is the speed at which the nose can be pitched up enough to provide the optimum angle of attack on the wings so they can generate the lift needed for flight. It is determined by the aircraft’s design and construction, particularly wing area and drag. Generally, aircraft with larger wing area and less drag can rotate and lift off at lower airspeeds than aircraft with smaller wing area and higher drag. It is further affected by field elevation, wind, and atmospheric pressure and temperature.

Your simulated aircraft rises off the runway and begins climbing aloft. How much or how little the aircraft pitches upward during this phase affects its lift. It loses lift if it pitches up too much, and it does not climb if it pitches too little. There is a range between the two extremes where climb is possible, and there is a narrow range within where lift for climbing is optimum. 

Lift is always present whenever the aircraft is moving, and it increases on all aircraft as their airspeeds increase. This is why aircraft can climb faster as they accelerate. 

 

Angle of Attack Makes a Difference

Angle of attack (AOA) is the acute angle between the chord of the wing and the direction of the relative wind. Chord is a line between the wing’s leading and trailing edges. 

 

 

[image: Image]When the angle of attack is optimum, the airflow differential is just enough to create the needed lift. If the angle of attack is too high, the air passing over and under the wing is disrupted and lift is lost. If the aircraft points upward too severely, the wings lose their ability to lift the aircraft and the aircraft falls. If it points downward too severely, the lift points more forward and less upward, and the aircraft falls. There is a range between the two extremes where the wing produces adequate lift for the aircraft to remain airborne. 

Figure 1-B: Angle of attack

 

Inertia Hinders and Helps Thrust and Lift

Inertia is a tendency for objects to remain as they are. It causes stationary objects to remain stationary and moving objects to continue moving. Those objects must be acted upon by some other force such as thrust, gravity, lift, friction, or drag to change their status. Moving an aircraft from a parked position requires more power than sustaining that movement. 

 

Drag Works Against Thrust and Inertia

Drag is resistance to the movement of an object through air. It happens to balls, bullets, automobiles, and aircraft. Aviation defines it as, “the aerodynamic force exerted on an airfoil, airplane, or other aerodynamic body that tends to reduce its forward motion.”

Drag acts against the aircraft’s thrust and the object’s inertia. This is why aircraft require constant power to remain airborne and why balls and bullets eventually fall back to Earth. An aircraft whose engine quits for any reason will soon fall to the ground. Drag also increases in direct proportion to speed. The faster an object moves through the air, the more the air resists it, thus more drag. 

Three types of drag are common in aviation:


		Basic drag is caused by resistance of the air to the object moving through it. The larger the object and the faster it travels, the more drag it creates.

		Induced drag results from air flow redirected around its wings to produce lift. The very disruption of air above, below, and around the wings causes drag. Some aviation books say induced drag results from lift, but that is not true. The same condition that creates lift also induces drag – one does not cause the other. 

		Friction drag results from air building up around the aircraft during its movement through the air.



As a result of drag, your aircraft decelerates when you reduce power. As a result of reduced speed, your aircraft loses lift. As a result of less lift, your aircraft descends. All these factors are entwined among one another.

All three types of drag are factored into the home simulation programs to enable the aircraft to behave as real-world aircraft do. 
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Figure 1-C: Drag

Flaps Increase Lift and Drag

Flaps increase lift by increasing the redirection of air flow over the wings, thereby increasing the airfoil effect. The additional lift assists with take-offs and initial climbs. They also reduce stall speed, which enables slower airspeeds for landing approaches. 

Flaps increase drag by exposing more surface to air directly striking the wings and disrupting air flow more than the wings do. The added lift and resultant drag require balance between the two. Fully extended flaps can obstruct air flow so much as to inhibit lift. That is why flaps can be deflected in various degrees and why manufacturers recommend certain flaps settings for specific airspeeds. 

Deflections of up to 15 degrees produce mostly lift with minimal drag, which makes them useful for taking off, but some light aircraft do not need flaps for taking off from most runways. Greater than 15 degrees produces more drag than lift, which makes it more useful for approaching. Airspeed decreases when flaps are lowered. More power, lower pitch, or both are required to maintain a glide slope.

[image: Image]

Figure 1-D: Effects of flaps

 

Climbing Affects Lift

A climbing aircraft is literally working against gravity. While the pilot wants the aircraft to climb, gravity is constantly pulling it back toward the ground. The principle is similar to an automobile losing speed when it goes uphill. A natural tendency of novice fliers and flight simmers who want to climb is to pitch up by pulling back on the yoke, but that is not always wise. The increased pitch can reduce the aircraft’s lift by increasing the angle of attack beyond its useful range, which increases drag, which decreases airspeed, which risks stalling.  Again, these factors are all entwined among one another. The best approach is to balance pitch and airspeed for most effective lift during a climb. 

 

Turning Diminishes Upward Lift

When an aircraft banks, it loses altitude because some of its lift is redirected toward the bank. As the aircraft banks toward the right or left, the lift is less upward than it was while flying level, and it is more toward the right or left than it was. That redirection of lift is what makes the aircraft turn. The aircraft seems to lose lift during turns because it loses altitude, but it actually has the same lift it had while flying level. The difference is that some of the lift is redirected toward the turn and away from straight up.

If the wings’ angle of attack changes during the turn, the lift can be diminished further, and the aircraft can undesirably lose more altitude. This is why pilots pay close attention to their altitude, pitch, and airspeed during turns and correct as needed. You will see this effect in your simulator when turning your aircraft.
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Figure 1-E: Turning lift

Gliding Uses Lift

As an aircraft descends, it rides on the air somewhat like a surfer on water. The gliding aircraft uses lift to descend under control and prevent the aircraft from free falling like a sky diver. Gliding is not restricted to gliders. All fixed-wing aircraft can glide.

To descend, the pilot slightly withdraws the throttle enough to descend at a good pace while maintaining airspeed. The pilot adjusts throttle and pitch as needed to maintain a controlled descent. 

 

Roll, Pitch, and Yaw Alter Orientation 

In addition to an aircraft moving forward, up, or down, it also changes orientation on three axes. There are imaginary lines around which something rotates. 


		The longitudinal axis runs from nose to tail, and the aircraft rotates around it in a movement called “roll.”

		The lateral axis runs from wing tip to wing tip, and the aircraft pitches up and down around it. This movement is called “pitch.”

		The vertical axis goes up/down through the center of the aircraft, and the aircraft turns left and right around it.  This movement is called “yaw.”



These axes are in different locations on different aircraft because of their different centers of gravity. Positions of these axes can change as the centers of gravity change. For example, the latitudinal axis will move backward when weight is added to the back, and vice versa.

[image: Image]

Figure 1-F: Three axes

Torque, Propwash, Corkscrew, Bank, Turn, and Yaw

Torque and propwash cause banking, turning, and yawing.

Torque is a twisting force that causes an object to rotate. It is the rotational equivalent of linear force. In aviation, torque is present in engines 

Engine Torque. Engine torque is a twisting force produced by every rotating engine. Aircraft in the opposite direction of the propeller’s rotation. If the propeller is rotating clockwise as the pilot sees it, for example, the aircraft will respond by rotating counterclockwise. This is the basic “opposite and equal reaction” principle. Torque effect is not major – the aircraft does not literally spin around in reverse. An airplane that is many times heavier than a propeller will not spin around in an equal reaction to it. 

But torque does cause a persistent banking of the aircraft in the opposite direction of the propeller rotation. That banking causes the aircraft to turn toward that direction. If the aircraft’s reaction to the propeller is counterclockwise, it will bank toward the left and therefore turn toward the left. The pilot must compensate for it by holding the yoke or stick slightly in the opposite direction of the banking or by adjusting aileron trim. 

Propeller Torque. Propeller torque results from the propeller’s spiraling air pushing on the wings. It is not torque in the strict mechanical sense, but it has the same rotational effect.


		On low-wing aircraft such as the Diamond DA40, propwash pushes down onto the wing on the side of the propeller that is spinning downward. The propeller spins clockwise from the pilot’s point of view, the propwash is downward on the right wing, and the aircraft consequently banks toward the right. 

		On high-wing aircraft such as the Cessna C172 Skyhawk, propwash pushes up onto the underside of the respective wing from the side of the propeller that is spinning upward. If the propeller is spinning clockwise from the pilot’s view, propwash pushes upward on the left wing, and the aircraft banks toward the right. 



Corkscrew effect results from spiraling air from the propeller pushing the tail toward the left or right, thereby causing the aircraft to yaw right or left respectively on its vertical axis. 

P-factor is source of yaw during climbs caused by a nuance of propellers and angle of attack. When the aircraft is pitched upward and the angle of attack is high, the propeller angle on the right side of the aircraft experiences a higher angle of attack and therefore provides more thrust than the left side. The aircraft consequently yaws toward the left. Pilots must continually compensate for P-factor by applying enough rudder to keep the aircraft heading straight. 

Some of these effects increase others, some decrease others, and all change as conditions change. 

 

Gravity Effects Are Weighty

Load factors and G forces are effects that simulate gravity by acting against inertia. They most frequently occur during acceleration, turns, and climbs. The basic physics are as follows. 

Acceleration. During acceleration, the aircraft and everything in it want to sit at rest or remain at the existing speed while the thrust is increasing their speeds. That is why pressure is felt against the seat back when an automobile or aircraft accelerate quickly and why unsecured objects will slide backwards. 

Turns. During turns, the aircraft and everything in it want to move in a straight line, but the aircraft’s configuration makes it curve toward one side or the other. That is why people feel themselves being pushed toward one side or the other during some turns. In extreme cases, people can feel heavier, and their bodies can react undesirably, thus “gravity” forces. That same effect applies pressure to the aircraft structure, especially the wing roots, in a phenomenon called “load.”

Climbs. During climbs, gravity is trying to pull the aircraft and everything in it toward the Earth while the aircraft’s configuration is making it go up instead of down. When climb angles are increased, the aircraft and everything in it want to continue in a straight line while the aircraft’s configuration is making its climb steeper. This is why people feel heavier during such maneuvers. The increased weight on the aircraft structure is called “load.” 
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Figure 1-G: Load factor and G forces

 

Excessive load factors and G forces can damage an aircraft and/or make occupants sick. Therefore, pilots usually avoid maneuvers that can cause excessive gravity stresses. Airspeed indicators have markings for maximum speeds. Although G forces are not felt in home flight simulators, some visual and sound effects are simulated. The simulation pilot seeking realism will recognize the principle and honor the effects.

Generally speaking, “load” applies to the aircraft, and “G force” applies to the people inside the aircraft. 

 

Winds Affect Speed, Lift, and Track

Several types of winds affect flight performance. 

Headwinds come from ahead, generally in a 90-degree arc from 45 degrees left and right. They add lift, especially during take-offs, and reduce groundspeed during flight. Reduced groundspeed prolongs flights. 

Crosswinds come from one side or the other generally in a 90-degree arc from 45 degrees ahead to 45 degrees behind. Crosswind take-offs present unique challenges that pilots must recognize and address. They push aircraft away from the runway centerline during take-off roll and initial climb. They also push aircraft off course during cross country flights, even airport traffic patterns, and final approaches for landing. And they lift the wing facing the wind, which causes the aircraft to bank to the opposite side. 

Tailwinds come from behind generally in a 90-degree arc from 45 degrees left and right. They provide additional ground speed by pushing from behind, but they sacrifice the speed of air moving across the wings during take-off and initial climb. The reduced lift causes tailwind take-offs to require more runway length. For this reason, they should be avoided on short runways. They are beneficial on cross-country flights because they increase ground speed and therefore decrease flight time.

Combined winds share directions and effects. Winds rarely are steady from a given direction regardless of what the weather reports say. Winds that come from one side and ahead or behind have combined effects. Winds can be mostly headwinds with some crosswind effects and vice versa. An aircraft can be affected by a crosswind one moment and a headwind or tail wind a moment later. Use the following conditions as a general guide. 


		Whenever the wind comes more from ahead than aside, consider it a headwind and remember that it has some elements of a crosswind.

		Whenever the wind comes more from the side than ahead of you, consider it a crosswind and remember that it provides some effects of head winds or tail winds, as well.

		Whenever the wind comes more from behind than aside, consider it a tail wind and try to not take off in it. Try using the opposite runway heading, if you can.



A wind from your 11 o
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