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What is a “High Performance” 

Aircraft

 High Performance is considered to be an aircraft with a 

maximum horsepower rating of more than 200 HP.  

 Training includes at least 1 hour of ground instruction on 

systems operations, ground and air handling, aircraft 

performance, physiology and at least 1 hour of flight instruction 

on emergency procedures, speed management, engine 

management and precision handling of the aircraft.



What we’ll be discussing

 Constant-Speed Propeller and Operations

 Engine Cooling Systems

 High Altitude Considerations

 Oxygen Systems

 Physiological Factors



Constant-Speed Propeller and 

Operations

 Controllable-Pitch Propeller

 Constant-Speed Propeller

 Takeoff, Climb, and Cruise

 Blade Control

 Constant-Speed Operations



Controllable-Pitch Propeller

 Why?

 Because fixed-pitch (as we used to have on N99709) is 

designed for best efficiency at only one RPM speed and 

forward speed.  Outside of this narrow rpm and speed 

range, efficiency suffers greatly.

 To make the propeller efficient through a wide range of 

operations, the propeller blade angle must be 

controllable.  

 There are numerous methods  to accomplish this, but the 

standard today is to control the blade angle using a 

constant-speed governing system.



Constant-Speed Propeller

 With the engine running at a constant speed, torque 

exerted to the propeller shaft must equal the opposing 

resistance of the air.

 Engine RPM is controlled by regulating that torque…  

increasing or decreasing the resistance (blade angle) 

offered by the air to the propeller.

 In a fixed-pitch propeller, the torque absorbed is a 

function of speed or RPM.  If power output of the engine 

is changed, the engine will accelerate or decelerate until 

an RPM is reached where power delivered equals power 

absorbed.

 In a constant-speed propeller, power absorbed is 

independent of the RPM.  Varying the pitch of the blades, 

the air resistance and therefore the torque or load can be 

changed without reference to propeller speed.  This is 

accomplished by a “governor.”



Constant-Speed Propeller (continued)

 Pulling back on the propeller control causes blades to 

move to a higher angle, resulting in increased resistance 

of the air.  This puts a load on the engine so the engine 

slows down until the power output and torque are again 

in balance.  

 Pushing forward on the propeller control causes blades 

to move to a lower angle resulting in a decreased 

resistance to the air.  This lessens the load on the engine 

so the engine speeds up until power output and torque 

are again in balance.

 The governor moves the blade angles to balance the load 

and therefore maintain selected RPM.



Takeoff, Climb, and Cruise

 Takeoff requires max power and thrust.  Set at a low angle 

(high pitch) is less resistance equals maximum engine 

RPM.  (Fixed-pitch CAN NOT get full power until after 

accelerating down the runway to increase airspeed to 

increase engine RPM…Constant-pitch is capable of 

full/maximum RPM prior to brake release!)

 Climbing, power output is reduced to “climb power” and 

blade angle is increased generating a greater mass of air 

per second at lower slipstream velocity…increased blade 

angle equates to increased airspeed at a lower engine 

output.

 At cruise, less power is required to produce a higher 

airspeed than used in the climb…lower power setting 

causes an increased blade angle…greater mass of air 

flow per second.



Blade Control

 Once the pilot selects the RPM setting, the propeller 

governor automatically adjusts the blade angle to 

maintain the selected RPM.

 This is more often accomplished using engine oil/oil 

pressure to move the blades low or high pitch, but some 

systems use the centrifugal twisting moment of the 

blades to move towards low pitch, and oil pressure to 

move them towards high pitch, others uses the 

centrifugal moment for low pitch and centrifugal force 

acting on counterweights to move them towards high 

pitch position.

 Loss of oil pressure affects these systems 

differently…you must know what the affect is on your 

airplane…there’s no consistent answer.



Blade Control (continued)

 Blades have a range with pitch-stop limits at each end.  

The angles vary from around 11 up to around 40 degrees.  

The higher the speed of the airplane, the greater the blade 

angle range.  Turbo and turbine powered aircraft normally 

have the higher blade angles because the engines can 

produce higher power than the non-turbo and piston 

powered engines.

 Once a blade hits one of these stop limits the propeller 

acts as if it was “fixed-pitch.”  



Operation Issues/Notes

 Governing blade range is defined by limits of the 

propeller blade travel…high and low angle pitch stops.  

As long as the blade angle is within these limits, a 

constant engine RPM will be maintained.

 Once blade angle reaches a pitch-stop, the engine RPM 

will increase or degrease with changes in airspeed and 

load similar to a fixed–pitch propeller.

 During warm-up, the propeller should be operated slowly 

and smoothly through a full cycle by moving the propeller 

control between high and low RPM positions.  This 

circulates fresh warm oil through the governor system.  

(Oil has been trapped since last time engine was shut 

down.  What remains tends to congeal, especially at low 

air temperatures.  If not exercised before takeoff, there’s a 

possibility that the engine may over-speed on takeoff.)



Operation Issues/Notes (continued)

 The tachometer reading should be at redline (+/- 40 RPM) 

as soon as full power is applied.

 Excessive manifold pressure raises compression 

pressure and produces high engine temperatures…may 

lead to detonation.  

 To avoid this:

1. When INCREASING power – increase RPM first then 

manifold pressure.

2. When DECREASING power – decrease manifold 

pressure first then RPM

3. Always keep the 3 letters (RPM) higher than or equal 

to the 2 letters (MP).



Operation Issues/Notes (continued)

 It’s a fallacy that MP should never exceed RPN for cruise 

power settings.  Cruise charts in the AFM/POH should be 

used to select cruise settings.  What ever is listed in these 

charts have been flight tested and approved by the 

airframe and power plant engineers and approved for 

your use.

 If a descent is too rapid or made from a high altitude, 

maximum blade angle limits may not be able to hold RPM 

constant and RPM will respond to throttle settings…

 For emergencies, both throttle and propeller controls 

should be moved to takeoff positions…



Operation Issues/Notes (continued)

 Tach Redline indicates maximum allowable RPM AND 

RPM required to obtain rated horsepower.  (True for both 

fixed and constant speed propellers.)

 Tach Green Arc is normal operating range.  Here the 

engine drives the propeller.  Below the green arc, it’s the 

wind milling propeller that powers the engine.  Prolonged 

operations below green may harm the engine.

 Takeoffs from low elevation airports (common in Georgia) 

the Manifold pressure may exceed RPM.  This is normal in 

most cases.

 Power changes should be made smoothly and slowly to 

avoid over-boosting and/or over-speeding.

 Know what your propeller does on oil system 

failure!...does it go low pitch or high pitch



Engine Cooling Systems

 While there are some aircraft with liquid cooling, the 

majority of GA use air flow as a coolant.  Airflow enters 

through the inlet behind the propeller hub, and baffles 

direct to the hottest parts of the engine (primarily the 

cylinders).

 Cooling is less effective during ground operations, 

takeoffs, go-arounds, and other high-power, low-airspeed 

situations.

 High-speed descents provide excess air and can shock 

cool the engine.  

 To help control this, air cooled engines are equipped with 

cowl flaps.  Opening the flaps creates a larger path for the 

air to escape and closing the flaps decrease the path for 

escape.



Engine Cooling Systems (continued)

 Most AFM/POHs provide guidance to leave the flaps open 

for ground operations, takeoff, and high power climbs.  

 Many AFM/POHs also provide some description to 

measure or limit temperature during cruise conditions: 

“…adjusted to keep cylinder head temperature at 

approximately 2/3 of the normal operating range (green 

arc)…Keep engine temperatures below 250 degrees…”

 Oil temperature gauge can give an indirect indication of 

rising temperatures, but by the time this gets “excessive,” 

damage may already have been done.

 If temperatures go “uncontrolled,”: increase airspeed, 

enrich the mixture, and/or reduce power.



High Altitude Considerations

 Note: This information is not a High Altitude Checkout, 

but as a reference for new high performance pilots and is 

specifically geared towards the basic capabilities of 

aircraft such as the Cessna 182.

 High Performance aircraft have the capability to get you 

into the “Flight Levels” that exposes you and your 

passengers to additional hazards you don’t normally 

consider with lesser performance aircraft.

 CFR 91.211(a) states, “No person may operate a civil 

aircraft of US registry at cabin pressure altitudes above 

12,500’ (MSL) up to and including 14,000’ (MSL) unless 

the required minimum flight crew is provided with and 

uses supplemental oxygen for that part of the flight at 

those altitudes that is more than 30 minutes duration.”

 “If the aircraft is operated at cabin pressure altitudes 

above 14,000’ (MSL) the required minimum flight crew 



High Altitude Considerations 

(continued)

 “If the aircraft is operated at cabin pressure altitudes 

above 14,000’ (MSL) the required minimum flight crew 

must be provided with and use supplemental oxygen 

during the entire flight time at those altitudes.”

 “If the aircraft is operated at cabin pressure altitudes 

above 15,000’ (MSL) each occupant of the aircraft must be 

provided with supplemental oxygen.”

 FAA also recommends that pilots should avoid flying 

above 10,000’ (MSL) without oxygen during the day and 

above 8,000’ (MSL) at night.



Oxygen Systems

 Most GA aircraft do not have “fixed” oxygen systems, but 

use portable equipment.

 Generally this includes an oxygen container (“bottle)”, 

regulator, mask outlets, and a pressure gauge.

 The container usually has oxygen at 1800-2200 PSI…an 

obvious hazard is the bottle is mishandled.

 Oxygen is “aviation oxygen” that is 100% pure.  Industrial 

oxygen is not intended for breathing and may contain 

impurities.  Medical oxygen contains water vapor that can 

freeze in the regulator at cold temperatures.

 Oxygen masks are generally cannula type.  The cannulas 

are not approved for flights above 18,000’ (MSL). 



Oxygen Systems (continued)

 The regulator supplies flow of oxygen dependent on 

cabin altitude.  Regulators are designed for use up to 

specific altitudes (40,000’, 45,000’, etc.) and many mix 

cabin air with the oxygen flow.  The flow/mix varies with 

cabin altitude.

 Since your and your passengers lives are dependent on 

the oxygen, the entire system should be inspected prior 

to each flight you plan to use oxygen: supply pressure, 

hoses for cracks, abrasion, etc.; cannulas or masks for 

cracks, tears, etc.

 Oxygen will spontaneously combust if exposes/mixed 

with petroleum products…make sure your hands, gloves, 

etc. are clean when working around oxygen systems.  

 Use above 18,000’ (MSL) require a mask.



Oxygen Systems (continued)

 Mask systems are diluter-demand or continuous-flow.

 Diluter-demand supply oxygen only when user inhales.

 Continuous-flow are usually provided for passengers and 

normally have a reservoir bag hanging from the mask.  

The bag normally holds/collects oxygen from the supply 

system.  As the user inhales the bag provides the oxygen 

until depleted and then the cabin air is “mixed“ with the 

oxygen supply.  

 Pulse oximeters are available for around $50 and if you 

intend to fly at higher altitudes (or above 8,000’ (MSL) at 

night), you might consider purchasing one to monitor 

your oxygen concentration.



Health and Physiological Factors

Hypoxia – A state of oxygen deficiency sufficient to impair 

functions of the brain and other organs.

 Although deterioration of night vision can occur/start as 

low as 5,000’ (MSL), most significant effects normally 

don’t occur below 12,000’ (MSL).  This can include 

judgment, memory, alertness, coordination, ability to 

make calculations, headaches, drowsiness, dizziness, 

euphoria, and belligerence. 

 Above 15,000’ (MSL), periphery vision may “gray out” to 

the point that only central vision remains (tunnel vision).  

You may experience blue coloration (cyanosis) of the 

fingernails and lips.  



Health and Physiological Factors 

(continued)

 Ability to take corrective and protective action is lost in 

20-30 minutes ad 18,000’ (MSL) and as little as 5-10 

minutes at 20,000’ (MSL)…followed shortly thereafter by 

unconsciousness.

 You/passengers may be affected at significantly lower 

altitudes depending on health conditions, smoking, 

inhaled exhaust fumes, medications, alcohol effects from 

a hangover, etc.



Health and Physiological Factors 

(continued)

Ear Block

 As the aircraft climbs, cabin pressure decreased and the 

expanding air in the middle ear pushed the Eustachian 

tube open, equalizing the pressure.

 During descent, the pilot must open the Eustachian tube 

to equalize the pressure…swallowing, yawning, tensing 

muscles in the throat, or closing the mouth and pinching 

the nose closed and attempting to blow through the 

nostrils (Valsalva maneuver) to force are up the tubes.

 Colds, sinus problems, sore throats, etc. can make 

opening the tubes a problem leading to an “ear block” 

with the associated pain.



Health and Physiological Factors 

(continued)

Sinus Block

 Air pressure in the sinuses equalizes with cabin pressure 

through small openings that connect the sinuses to the 

nasal passages.  

 Upper respiratory infection (colds or sinusitis) or nasal 

allergies can produce congestion slowing the 

equalization and the pressure in the sinus and cabin 

mounts eventually causing the “sinus block.”

 Sinus blocks occur most frequently during descent and 

can occur in the frontal sinuses (above each eyebrow) or 

the maxillary sinuses (upper cheek) and also an upper 

teeth ache.



Health and Physiological Factors 

(continued)

 Many military pilots keep a Vicks Nasal “Vapor Inhaler” or 

a saline nasal spray just incase…but not always 

successful!

 Be aware of oral decongestants that have side effects that 

can impair pilot performance.  (If you intent to use one, 

make sure you are aware of any of your side effects.)



Health and Physiological Factors 

(continued)

Altitude-Induced Decompression Sickness (DCS)

 DCS is a condition characterized by a variety of 

symptoms resulting from low barometric pressures that 

cause inert gases (mainly nitrogen) that are normally 

dissolved in body to come out of solution and form 

bubbles.  These bubbles form in different areas of the 

body.  The most common symptom is joint pain (“the 

bends”).



Health and Physiological Factors 

(continued)

What to do –

1. Put on the oxygen mask and switch to 100% oxygen.

2. Emergency descent and land as soon as possible…even 

if symptoms disappear during the descent.

3. Seek medical help while continuing to breath oxygen.

4. If symptom is joint pain, keep the area still, and do not try 

to work the pain out with movement.

5. Be aware that physicians not specialized in aviation or 

hypobaric medicine may not be familiar with this type of 

problem.

 Scuba diving may “set you up” for DCS.  Recommended 

waiting time before flying below 8,000’ (MSL) is 12 

hours…if the diving did not require “non-decompression” 

stop diving.  A minimum of 24 hours if you were required 

to “decompression” stop diving.

 Above 8,000’ (MSL) should be at least 24 hours after any 



Health and Physiological Factors 

(continued)

SCUBA Diving

 Scuba diving may “set you up” for DCS.  Recommended 

waiting time before flying below 8,000’ (MSL) is 12 

hours…if the diving did not require “non-decompression” 

stop diving.  A minimum of 24 hours if you were required 

to “decompression” stop diving.

 Above 8,000’ (MSL) should be at least 24 hours after any 

Scuba dive.



 Questions…


