M anaging Energy in Light Aircraft
As flight instructors, there is nothing more
rewarding then finally getting to that “aha” moment. Or, as flight instructors refer to
it, the fourth level of learning “correlation”. Correlation is known as the highest level
of learning where a student is able to combine multiple concepts, processes, and insights previously learned, into a larger whole that leads to that “I get it now” moment.
In our many decades of flight instructing, the richest vein of golden “aha” moments
to be mined has always been found in our segment on understanding and managing
energy. Understanding how energy affects flying is one of the greatest revelations
a pilot can experience. Unfortunately, this is one area that even today, seems to be
absent from the majority of flight training syllabi.
Students exposed to these concepts early on, are often surprised to meet other
pilots without this same level of understanding. To demonstrate the value, several
years back, I took one of our newly minted pilots with less than 100 hours flight time
to an EAA fly-in sponsoring a spot landing contest. Bringing home both the 1st and
2nd place trophy really put into perspective the level of “correlation” that had occurred
considering only weeks before the student was nervous about passing the impending
private pilot checkride. In ground school, we often say (with our typical taint of hyperbole) that it is impossible not to hit the exact spot that you wish on landing. It is simply
a math problem. Once you understand the formula, it’s easy
to come up with the correct results. That being said, let’s start
laying the groundwork for this
“formula”.
Energy is defined
as “the capacity of
a system to perform
work”. Work transfers
energy from one location to another. Lifting
a 50 pound weight 11
feet results in 550 footpounds of work being
accomplished. In our
example,we are using
an example of mechanical work. Work
can also be accomplished by many other
forms including, heat,

chemical, kinetic, potential, electrical, nuclear, light, magnetic, and others.
“Power” by definition is the amount of work done in a certain period of time. One
horsepower is defined as work done at the rate of 550 foot-pounds per second. If it
helps, you can think of power as the rate at which energy is generated or used. In
our graphic, you can envision how difficult it would be to raise a 50 pound weight 11
feet in just one second. However, if we were to change the size of our crank pulley
allowing for much greater leverage, and give our human power source ten seconds
to accomplish the task, the possibility becomes much more achievable. This showing
that the same task can be accomplished with 1/10 of a horsepower. Even so, the total
amount of work or (energy) is the same in each case.
In physics, the law of conservation of ethenergy states that the total energy of an
isolated system remains constant. This law means that energy can neither be created nor destroyed; rather, it can only be transformed from one form to another. In a
simplified form, flying an aircraft is an exercise in energy transformation. An aircraft
sitting static on the ramp requires the transformation of energy even for the act of
taxiing. Our primary source of energy comes from the fuel tank. Gasoline (chemical
energy), can be converted to mechanical energy through that wonderful invention the
internal combustion engine. Although the efficiency of converting chemical energy
into mechanical energy is only about ~30%, the energy density of gasoline still reigns
supreme when it comes to moving vehicles long distances.
While moving through the air in level flight, gasoline from the fuel tank is converting ~70% of the energy into heat as a result of the combustion process, the remaining ~30% is converted into mechanical energy via the engine which in turn spins the
propeller converting that mechanical energy into thrust used to propel the aircraft
(discounting friction and power required to run accessories). As the aircraft speeds
through the air, that remaining ~30% of energy is also converted to heat in the form of
drag. Additionally, if there is excess power available, it can be converted and stored
as kinetic energy in the form of velocity as well as potential energy in the form of altitude. The 50 pound weight in our graphic is an example of converting one form of energy into potential energy. The 550 foot-pounds of work that we had done previously
now has the “potential” to create that same amount of work as gravity applies a force
to our 50 pound weight. An aircraft that has climbed to an altitude of 10,000 feet now
has the potential energy equivalent to the amount of work required to get it to that
altitude.
The laws of aerodynamics require that we maintain a minimum amount of airspeed in order to be able to sustain flight. As a result, there is a very specific amount
of power necessary to overcome the drag (energy) used by the aircraft at any given
speed. Essentially, there are only three sources from which to convert this energy.
Fuel (chemical energy), altitude (potential energy), and airspeed (kinetic energy). You
can think of each one of the sources as batteries. Essentially, energy storage devices. Each of these sources of energy can be utilized to sustain the miracle of flight.
With internal combustion engines we can convert the fuel into potential energy or kinetic energy. And we can convert potential energy into kinetic energy as well as kinet-

ic energy back into potential energy. Now, with the advent of electric aircraft, we now
have the exciting possibility of converting either kinetic or potential energy back into
“fuel” as well. Each one of these energy sources are contrasted by their storage capacity. At the given rate of power required to overcome the drag in-flight we can now
get a corresponding idea of the ability of each one of these energy sources to store
energy. The capacity of fuel can usually be measured in hours, whereas potential energy in the form of altitude will generally render only minutes of capacity, and the capacity of kinetic energy stored in the form of airspeed would typically provide capacity
measured in seconds.
In level cruise flight potential and kinetic energy remain constant. And the amount
of power for thrust equals the amount of drag.
Climb is a function of excess horsepower. To convert fuel into altitude we typically
slow the airplane down to Vy (best rate of climb) which will provide less drag allowing
more of the chemical energy to be transferred to altitude rather than converting it to
airspeed (drag)(heat).
Approach and landing: the goal of each landing is to arrive at the touchdown point
with the potential energy (altitude) at 0, the kinetic energy (airspeed) just above stall
speed, and the chemical energy (throttle setting) to minimum. We’ve all seen the pilots that try drive the airplane onto the runway in order to be able to hit the numbers.
The fallacy in this concept is that kinetic energy and potential energy cannot be made
to disappear but rather only “converted”. when you lower the nose of the aircraft you
are converting the altitude (potential energy) into (kinetic energy). We really haven’t
made a big impact on the total amount of energy. The sum of all the sources of en-

ergy dictates the touchdown position. We teach our students to think of the control
stick as an energy converter. We would like to arrive at a target position off of the
end of the runway with just enough kinetic energy to arrest the rate of descent into
a perfect flare and touchdown at a specific point. This amount of kinetic energy is
generally achieved by flying an approach speed in the neighborhood of 1.3 Vso. You
have probably heard this referred to as a stabilized approach. Because the landing
is generally a judgment on managing the total energy, by stabilizing one of the three
variables, we are able to visualize the results of the other two sources of energy.
In a stabilized approach, the aircraft will establish a trajectory that can be identified
easily some distance from the runway. Small adjustments to power can compensate
for incorrect a judgment. And with practice, the necessity for adjustments becomes
progressively less. Arriving at a specific location and altitude just off the end of the
runway coupled with a very specific airspeed is a finite amount of energy. Pile driving
the nose onto the runway or holding the airplane off in a proper flare still results in the
same amount of energy. If you find the airplane floating down the runway uncontrollably, more likely than not, you arrived with too much kinetic energy. As your flight instructor has probably told you, a good landing is generally result of a good approach.
Pilots generally feel more comfortable landing on long runways. On a long runway
even if you arrive with excessive kinetic energy holding the airplane off the ground
until the energy dissipates still leaves plenty of distance for landing. When you start
thinking of the landing as an exercise in managing energy and you are able to arrive
at a target point before the touchdown zone with the right amount of kinetic energy
you can’t help but nail the landing. Now that we have discussed some of the basic
principles associated with managing energy in-flight we have the foundation which
will allow us to take the discussion to and entirely new level. In part 2 we will explore
some very interesting phenomenon related to the management of energy in high drag
low mass type of aircraft.

