Forces and Principles of Flight

FAA-H-8083-3A Chaps 3, 4, 5 FAA-H-8083-25A Chaps 3, 4

Ground Lesson Plan
Objectives: The student should become familiar with the four forces and principles of flight, airfoil designs, stability, controllability, turning tendencies, airplane load factors, and wing tip vortices. 

Elements / Schedule:

1. Intro 






(5 min)
2. Lift 







(5 min)
3. Weight 






(5 min)
4. Thrust 






(5 min)
5. Drag 






(5 min)
6. Airfoil Designs 





(10 min)
7. Classroom breaks 





(10 min)

8. Stability and Controllability 



(10 min)
9. Turning Tendencies 




(10 min)
10. Load Factors 





(10 min)
11. Wingtip vortices 





(10 min)
12. Question/Answer Time 




(10 min) 







Total
(2 hrs)

Equipment:
Classroom, chairs, overhead projector, white board and markers, references, model airplane, handouts, key elements
Instructors Actions: 
· Discuss lesson objectives 

· Present Lecture 

· Questions 

· Assign homework 

Students Actions:
· Participate in discussion 

· Take notes 

· Ask and respond to questions 

Completion Standards:

The student displays the ability to understand the forces and principles of flight, their interaction, and affect on flight. 

Principles of Flight 

Instructors Notes: 

Introduction: 

Attention 

How is it that today’s airplanes, some of which have a maximum take off weight of a million pounds or more, are able to get off the ground in the first place, let alone fly between continents? Surprisingly, even with today’s technological advances, we still use the same principles of aerodynamics used by the Wright brothers in 1903. In order to gain an understanding of flight, it is important to understand the forces of flight (lift, weight, thrust and drag), the Bernoulli 
Principle and Newton’s first and third laws of motion. This lesson primarily focuses on the role the Bernoulli Principle plays in the ability of aircraft to achieve lift; the Bernoulli Principle is not the only reason for flight. Airfoil design, and aircraft stability play an important role during all phases of flight. 
Overview / What will be taught: 

The four forces of flight are in essence the fundamental principles that govern flight; they are what make an airplane fly. I will also be speaking about airfoil design, airplane stability, and airplane turning tendencies, design load factors, and wingtip vortices.
Why this lesson is important: 

How well a pilot performs in flight depends on the ability to plan and coordinate the use of power and flight controls for changing the forces of thrust, drag, lift, and weight. It is the balance between these forces that the pilot must control. A pilot’s skill will become greater by better understanding the forces, and means to controlling them.
What I will teach to student: 

1. Forces of Flight 

A. Lift – 

B. Weight – 

C. Thrust – 

D. Drag –
2. Lift 
A. The force that opposes weight. The upward force created by the effect of airflow as it passes over and under the wing 

· See Figure 1-1


Figure 1-1
B. Principles of Lift 

i. Newton’s three laws of motion: 

a. Newton’s 1st Law: A body at rest tends to remain at rest, and a body in motion tends to remain moving at the same speed and in the same direction 

b. Newton’s 2nd Law: When a body is acted upon by a constant force, its resulting acceleration is inversely proportional to the mass of the body and is directly proportional to the applied force.
The law may be expressed by the following formula: Force = Mass x Acceleration (F=ma) 

c. Newton’s 3rd Law: For every action, there is an equal and opposite reaction 

ii. Bernoulli’s Principle 

a. As the velocity of a fluid (air) increases, its internal pressure decreases 

According to Bernoulli, the increase in the speed of the air on the top of an airfoil produces a drop in pressure and this lowered pressure is a component of total lift 

a.
 Molecules moving over the upper surface are forced to move faster 

1. Since the upper molecules travel a greater distance, pressure is reduced above causing a low pressure to form over wing.
b. 
A downward-backward flow of air also is generated from the top surface of the wing
The reaction to this downwash results in an upward force on the wing (Newton’s 3rd Law)  

· See Figure 1-2
c. The action/reaction principle is also apparent as the airstream strikes the lower surface of the wing when inclined at a small angle (the angle of attack) to its direction of motion.
The air is forced downward and therefore causes an upward reaction resulting in positive lift 
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Figure 1-2

3. Weight 
A. Definition 

i. The force of gravity which acts vertically through the center of the plane toward the center of earth.  Opposes lift, and is caused by the downward pull of gravity
ii. The combined load of the airplane itself, the crew, the fuel, and the cargo or baggage 

B. Weight pulls the airplane downward because of the force of gravity 
· See Figure 1-4
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Figure 1-4

C. In stabilized level flight, when lift = weight, the plane is in equilibrium and doesn’t gain/lose altitude 

i. If lift becomes less than weight, the airplane loses altitude.
4. Thrust 
A. Thrust is the forward-acting force which opposes drag and propels the airplane 

i. This force is provided when the engine turns the prop 

ii. Acts parallel to the longitudinal axis 

iii. Sine the propeller is an airfoil, Bernoulli’s Principle of low and high pressures causes the propeller to produce lift. Since this lift is horizontal the plane moves forward. 
· See Figure 1-5
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Figure 1-5

5. Drag 
A. Definition 

i. Rearward, retarding force, caused by the disruption of airflow by the wing, fuselage, and other objects. 

ii. Opposes thrust which limits the speed of the airplane
· See Figure 3-4
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Figure 3-4
B. Two types of drag 

i. Parasite Drag 

a. Caused by an aircraft surface which deflects/interferes with the smooth airflow of the airplane. 
· See Figure 1-3 
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Figure 1-3
b. Factors Influencing Parasite Drag. 

· The shape of an object is a big factor. 

· Indicated airspeed, however, is an equally important factor 
· See Figure 1-3
· The combined effect of all parasite drag varies proportionately to the square of the airspeed.

a EX: Plane, at a constant altitude has 4x as the parasite drag at 160 knots than at 80 knots 

ii. Induced Drag 

a. The Wing as a System. 
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Figure 1-5
· In level flight, the aerodynamic properties of the wing produce a desired lift, but this comes with an expense of a penalty.
The penalty in this case is Induced Drag 

a Induced drag is formed when lift is produced 

How it Works.
· When lift is produced, the pressure on the lower surface is greater than the upper surface 

a The air flows from the high pressure area below the wingtip upward to the low pressure.
· The high pressure air beneath the wing joins the low pressure air above the wing at the trailing edge and wingtips causing a spiral or vortex which trails behind each wingtip 
· See Figure 1-5

a The spiral is a lateral flow outward from the underside to the upper surface of the wing 

b Basically, induced drag is made by the air circulation around the wing as it creates lift. 

· There is an upward flow of air beyond the wingtip and a downwash behind the trailing edge. 

a. Vortices increase drag because of the energy spent in producing the turbulence. 
· See Figure 1-6
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Figure 1-6

· The lower the AS, the greater AOA is required to produce lift equal to the airplane’s weight and the greater the induced drag 

a Induced drag varies inversely as the square of the airspeed 

Conclusion: 

Brief review of each main point 
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