Aerospace Module 1 (Study Guide)

From CadetStuffWiki

This study guide is designed to help cadets with general Aerospace Education knowledge for Module One. One will not pass the aerospace promotion test solely by using this guide; it is intended only to help decipher some of the main ideas in the Module.
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Chapter 1: Introduction to Flight

Goals:

        * Know the relationship between Bernoulli's Principle and Newton's three laws of motion and        
how they were used to develop a machine that flies.

        * Understand the factors bearing on the coefficient of lift

        * The parts of an airplane and an airfoil

        * The four forces effecting an airplane in flight

        * The three axes and movement around these axes and the control surfaces that create the 
motion of the airplane 

Important terms:

Aero-Pertaining to Air Airfoil-A component designed to produce lift Camber-The curvature of a wing Relative Wind-The flow of air in the opposite direction of the wing

Pure mechanical flight requires a man made force to accomplish. This is called lift and is where you counter the effects of gravity.

Recall the myth of Daedalus and Icarus:

        * Father and son were in jail on the island of Crete

        * Built wings out of bird feathers and wax.

        * Icarus flew too high and the wax melted and he plunged to his death 

Be able to explain why this is incorrect.

The first true powered flight was a hot air balloon, in France when Pilatre d'Rozier and Fransois d'Arlandes flew over Paris in a balloon designed by the Montgolfier Brothers.

There are two kinds of lift: Bernoullian Lift (AKA Induced Lift) and Newton Lift (AKA Dynamic Lift)

Daniel Bernoulli:

Discovered that when the speed of a fluid (like air) increases, there is a drop in pressure. Since wings are designed to make air go faster on the top, a suction is created with the low pressure on top of the wing, and this creates lift.

Sir Isaac Newton:

Developed three laws of motion which apply to an airplane's flight.

1) An object at rest will remain at rest unless acted upon by another force. 2) A force acting upon a body causes it to accelerate in the direction of the force. Acceleration is directly proportional to the force, and inversely proportional to the mass of the body being accelerated. 3) For every action, there is an equal and opposite reaction.

In an airplane, the relative wind is the action and the upward movement is the reaction. The propeller or jet provides force to push the airplane forward and thus creates the windflow over the wings.

The coefficient of lift takes into account the ability of an airfoil to create lift. (Angle of Attack, Camber, etc.) The mathematical relationship between the length of the wing span to the chord ratio is called the aspect ratio, it is also taken into account when measuring lift.

The Four Forces of Flight

There are four main forces acting upon an airplane in flight: Lift, Thrust, Drag and Gravity.

The Natural Forces:

Drag-resistance created by the airplane's movement through the air. (Like the resistance you encounter when walking through a swimming pool).

Gravity-The force which pulls down on the airplane (also know as weight).

The Artificial Forces

Thrust-The force that propels the plane forward (like the propeller or jet engine).

Lift-Mechanical creation of the pressure differential which pulls the airplane up.

These are artificial because it takes some mechanical device to create these. (Engine propelling the plane forward which causes lift)

Control Surfaces and Movement

There are three axes on an airplane: Vertical, Longitudinal and Lateral.

Lateral goes from one wing-tip to another. Movement around this axis is called pitch and is controlled by the elevator. (up and down)

The Vertical goes from the airplane's top to bottom. Movement around this axis is called yaw and is controlled by the rudder. (left or right)

The Longitudinal axis goes from the propeller tip (or nose of the airplane) to the tail of the plane. Movement around it is called roll and is caused by the ailerons. (tilting the aircraft to a side)

Flaps increase the camber of the wing, thus increasing lift so an airplane can go slower and still maintain flight. This is good for decreasing takeoff distance and decreasing the speed necessary to land.

The tip of the propeller moves fastest and has the least chord and angle of attack.

Chapter 2: To Fly by the Lifting Power of Rising Air

Goals:

        * Explain how gliders use the environment to obtain altitude

        * Understand why gliders look different than powered airplanes

        * Know how gliders can achieve great distance without power 

Important Terms:

Aspect Ratio- The ratio between the span of the wing and the length of the chord

Convection- Fluid motion through unequal heating

Glide Ratio- Distance an airplane will glide to altitude loss

Lapse Ratio- Cooling rate of air with an increase in altitude-3.5 degrees Fahrenheit. 2 degrees Celsius per 1000 feet

Spoilers- Devices designed to disrupt airflow over the wing

Weather and Rising Air

Wind is defined as air moving parallel to the Earth.

The Sun is the most important factor in our environment. From 93,000,000 miles away, it heats the Earth through a method called radiation. This causes inequalities in temperature and thus movement of the air, which causes weather. The less dense warm air rises and becomes cooler (and more dense) and falls. The Lapse Rate is the cooling that comes with an increase in altitude, it is 3.5 degrees Fahrenheit/2 degrees Celsius per 1000 feet of altitude. When air is heated, it expands and the pressure drops. Columns of air rising are called thermals and can provide lift for sailplanes.

Gliders and Sailplanes

A glider is an aircraft which is towed to a certain altitude and let glide back down to Earth due to gravity. A sailplane uses thermals to soar to a greater height. One method pilots use to disrupt the tendency of an aircraft to glide as it comes back to earth is spoilers, or dive-brakes. These disrupt the airflow over the upper camber of the wing in order to cause a loss of lift and airspeed.

Chapter 3: Balloons, and Their Own Thermals

Goals:

        * Understand the principal of buoyancy and how it relates to the flight of a balloon

        * Learn the components of a balloon

        * Know the history of the balloon and how it is the first powered, manned flight 

Important Terms:

Balloon-an aircraft that uses a lighter than air gas for lift and has no built in means of horizontal control Buoyancy-to rise or float on water or in the atmosphere Crown-the top of a balloon Envelope-the main body of the balloon Propane-a lightweight, low carbon fuel used in hot air balloon burners Thermistor-an instrument which measures the temperature in the balloon

Nov. 21, 1783, the first manned powered flight was made by d'Rozier and d'Arlandes in Paris, using a hot air balloon created by the Montgolfier Brothers.

How Balloons Fly

A balloon operates on the principle of Buoyancy, as it floats in the air due to the less density of the hot air in the balloon. Power for the balloon is provided by a propane burner that quickly heats the air in the envelope. This power is measured in BTUs (British Thermal Units), which are defined as the amount of heat required to heat one pound of water one degree Fahrenheit. The metric equivalent is the calorie: the amount of heat necessary to heat one Kg of water one degree Celsius.

There are two gasses used in balloons: Hydrogen (which can lift up to 60 pounds per 1000 cu ft.) and Hot Air (which can lift only 17-20 pounds fer 1000 cu. ft.)

The reason the balloon is spherical is because a large volume of lightweight air is best contained in a sphere.

The Cockpit and Controls of a Balloon

The pilot's cockpit is actually the basket in which the passengers ride. There is a cord that allows the pilot to pull on the parachute inside of the balloon to release some of the hot air. This is called the Parachute Pull Cord. The pilot generally has only three instruments: a vertical velocity indicator (variometer, to give an indication of the rate of climb or descent), thermistor (indicates temperature of hot air, which is optimal around 100 degrees Celsius), and the altimeter (indicates altitude above sea level or the ground).

