12 March 2002

MEMORANDUM FOR ALL UNIT COMMANDERS

FROM:  WA WG CC

SUBJECT:  Airplane Engine Leaning Procedures

1. As a result of our Wing having recently experienced an inordinate number of engine problems, I requested an investigation into the possible causes.  One of the areas we looked at was the method our aircrews should be using for leaning the mixture on our airplane engines during ground and flight operations

2. The attached instructions were a result of considerable research into a subject matter that has historically been controversial.  However, the sources used to define the instructions and procedures leave little doubt that the results are irrefutable.

3. Please insure that all your aircrews receive a copy of these instructions, and advise them that the procedures outlined are what they will be held accountable for in the operation of the Washington Wing Airplanes.

4. These procedures will be a subject of special emphasis during future Form 5 and Form 91 check rides.

DALE E. NEWELL, Colonel, CAP

Commander

MEMORANDUM: TO ALL WASHINGTON WING PILOTS 

2 March 2002

SUBJECT: AIRPLANE ENGINE LEANING PROCEDURES

FORWARD

One of the more controversial subjects discussed in aviation is the proper method of leaning the mixture while operating a reciprocating airplane engine.  An abundance of contrasting “expertise” is available across the spectrum from the “shade tree” mechanic to the highly experienced pilot who “has always done it that way.” Unfortunately, those who offer this free advice are not always around when a cylinder needs replacing, valves get burned up or the engine has to be overhauled well before T.B.O.

The Wing’s recent experience with increased engine problems prompted research into our procedures, and it was discovered that we are in need of some standardization in our methods.  This letter is necessarily long in order to dispel many misconceptions.  However, the short version of these instructions is:  Follow the Pilots Operating Handbook (POH.)

Numerous sources were tapped in order to ensure what we determine is the correct method of leaning – in all phases of flight or ground operations– is in fact the correct method.  The controversial nature of this subject necessitated considerable research in order to develop an authoritative document on leaning, which supports the directions in the POH.  These sources are identified on the attached “Reference Index,” and the main text has referencing footnotes.  The reference literature, Email addresses, letters and telephone contacts are available to anyone upon request.

BASIC CRITERIA

1.  The following procedures are specifically for operating the Washington Wing Cessna 182s, the Cessna 206 and the Cessna R182 only.  (If the arriving Maule requires something different, you will be advised.)

2.  Altitudes discussed are density altitudes. (DA.)

3.  All Wing airplanes are equipped with an exhaust gas temperature gage. (EGT.)

4. The primary source for the proper method of leaning the engine is the Pilot’s Operating Handbook.  (POH.)  Other procedures documented here are supplemental methods suggested by the engine manufacturers and are in consonance with the instructions contained in the POH.

5. Leaning is authorized at any altitude when operating at or below 75% engine power.  This may include the surface if the DA so dictates.

6. Engine roughness detected during any leaning process supercedes EGT indications.

7. Washington Wing airplanes will not, except in the case of an emergency, be leaned on the lean side of peak.

8. Unless conditions dictate otherwise, such as an emergency, adjusting the mixture control during engine operation, rich or lean, will be done slowly.
9. The continual use of carburetor heat during cruise flight will enrichen the fuel mixture requiring re-adjustment of the mixture control.

PROCEDURES

1. After Start:  Unless DA requires it, the mixture control will stay in the full rich position after start, taxi, takeoff, climb and until reaching 3000’ DA for the Cessna 182 and 5,000’ in the Cessna 182RG. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12.  In the Cessna 206, the mixture stays rich until airborne when it is adjusted according to the POH and the placards installed in the cockpit.

EXPLANATION: Fuel provides one third of engine cooling on the ground with airflow and oil providing the other two thirds.  Depriving the engine of the cooling fuel can actually cause the very thing most think they are precluding – plug fouling.  4 thru 12. If the engine does not idle smoothly with mixture rich, then there is something malfunctioning.  Ignoring this may mask a more serious problem that can be severely detrimental to the engine life.  During climb, the rich mixture also provides for cooling and some lubrication that is especially beneficial at the lower airspeeds and lower airflow. 4 thru 12. 

2.  Taxi.  Long periods at idle should be avoided during ground operations.  The Cessna R182(RG) RPM will be brought to a minimum of 1000 RPM as stated in the POH. to ensure the starter has disconnected, and 1000 – 1200 RPM should be maintained thereafter during stationary ground operations to preclude possible plug fouling.  3, 18, 21.

EXPLANATION:  Although the P.O.H. does not call for 1000-1200 RPM for stationary ground operations, there are considerable references to the procedure by Lycoming. It would therefore seem prudent to follow their suggestions.  Moreover, the POH calls for bringing the RPM up to 1000 after start for a starter-disconnect check, so it makes sense to leave it there as suggested.  8, 14, 21.

CAUTION

Taxiing and braking at high engine RPM should be avoided!

2. Takeoff and Climb:  The POH calls for 23 inches or full throttle and 2400 RPM in the climb for the Cessna 182 and Cessna R182(RG) with the mixture full rich.  Once airborne, the Cessna 206 POH calls for reducing the manifold pressure to 25 inches of HG and 2550 RPM with the fuel flow adjusted to 18 gal/hour.

A. As the climb progresses in the Cessna R182 (RG,) the POH allows leaning the mixture once you reach a density altitude of 3000 feet.  Leaning may be accomplished by adjusting the mixture control for smooth engine operation.  It also allows leaning by using the Exhaust Gas Gage (EGT) by adjusting the mixture to maintain the EGT reading you passing through 3000 feet DA. 2

.

B. As the climb progresses in the in the Cessna 182, the POH allows leaning once your reach 5000 feet density altitude.  Again leaning is accomplished by adjusting the mixture control for smooth engine operation.  Although the POH may not refer to using the EGT as in 3. A., above, it would make sense to use the same procedure.  That is keep leaning to maintain the EGT reading you had upon reaching 5000 feet - or to engine roughness, which ever comes first - as you continue climbing. 1
C. As the climb progresses in the Cessna 206, the POH calls for mixture settings of 18 GPH up to 4,000 feet, 17 GPH to 6,000 feet and 16 GPH to 8,000.  Above 8000 you can begin to use the fuel flow s listed in the Performance Section, or the EGT gage method described above as long as you are not producing more than 75% power. 3
EXPLANATION:  As you ascend through 3,000, 5,000 or other density altitudes governed by the POH, you are passing the altitudes at which the engine is producing 75% power or less.  This is the power range, which allows leaning.  These altitudes are predicated on density altitude, which can vary with climatic conditions.  Leaning should be accomplished at the altitudes allowed to provide you with the best power for your climb.  Note that this could very possibly occur on the runway during certain temperatures that produce high-density altitudes.  The throttle should be maintained at full throttle in the Cessna 182s to activate the “enriching” port during low airspeed, high power climb-outs to ensure there is sufficient cooling fuel being supplied to the engine since the cooling airflow is much less. 1,2,3,4,6,13,14,15,16,18

.4.  Cruise.  Once again, as stated under “CRITERIA” above, leaning is allowed at any altitude with 75% or less engine power.  Leaning should be accomplished even on short flights to prevent unwanted deposits building up in the engine combustion chambers.  In all cases, the POH for each airplane will be followed.  All of our airplanes have EGT gages and may be used.  Some feel they are useless while others extol them.8,11,15.  However, they shouldn’t be disregarded quite yet.  Leaning is truly and art form that requires patience and smoothness.  

The best procedure for the Cessna 182s is to settle down in at 75% cruise power or less, and then smoothly adjust the mixture in small increments until you either detect engine roughness or reach a peak temperature on the EGT gage – which ever comes first. 1,2,3,6,18.  Then, at power settings above 65%, re-adjust the mixture control until the engine roughness disappears and then enrichen the same amount again.  Or, if you use the EGT, enrichen until you get a drop of 50 degrees on the RICH side of peak.  For best economy, you must be at 65% or less engine power and lean until engine roughness, and enrichen just until it runs smooth again.  If you use the EGT, lean until peak. 3

It is much simpler leaning Cessna 206 since the Performance section has the GPH values for you to use.  If you want to use best economy, set the power at 65% or less, and 

reduce the listed fuel flow value by one gallon per hour.  If you use the EGT, set lean until 25 degrees on the rich side of peak at 75% or less engine power.  If you want “Best Economy” lean until you get a peak EGT. 1,2,3

EXPLANATION:  This is where the arguments run hot and heavy.  There are those who claim they can eke out an extra couple of gallons by leaning aggressively on the climb, and on the lean side of peak in cruise.  Lycoming puts it quite well when they say: 1.  These people are never around when you burn up your engine.  2.  Lycoming does run on the lean side of peak quite often - in their labs under strict instrumentation. 13, 16, 22.  There are also the “old timers” amongst us who too often relate back to the days when we operated 100 degrees or more below peak on the lean side, but they forget they were running radial engines with a vast array of instrumentation and a flight engineer to monitor it all.  10, 13.
Our engines are tough.  However, when you start tinkering around with unorthodox leaning procedures based on advice from shade tree mechanics and other unreliable sources, you are flirting with danger.  The tolerance between saving a few gallons of fuel with aggressive leaning that induces detonation (which you cannot hear,) and the point at which you very quickly destroy an engine is very, very small.  This is especially true if you really don’t know what you are doing.

When leaning at the recommended POH power settings, engine roughness is an indication the leanest cylinder – which may vary with power settings - is not getting enough fuel to support combustion.  It is not a sign of detonation.  However, if you lean at power settings above the POH recommendations, you may very well induce detonation causing severe damage.

It makes little sense to think you are doing great work saving a few gallons of fuel at $2.50 per gallon while you are running a$30,000 engine into early overhaul.  Follow the POH.  Be conservative because somebody’s life may depend on it.  11,13,16.

3. Descent and Landing.  When descending, the mixture should be slowly enrichened. Rapid advancement of the mixture control should be avoided to prevent shock cooling by introducing a bunch of cold fuel all at once.  It is not in the POH, but as a guide, it is suggested by Continental and Lycoming that a rate of 50 degrees per minute decrease on the Cylinder Head Temperature be used. 11, 18.  I try to use this method after dropping off a glider on tow, but it isn’t easy with our gages.  The Cessna 206 POH. calls for maintaining engine smoothness in the descent.  It also calls for the mixture to be full rich when making an idle descent. 3  The Cessna 182 and Cessna R182(RG) POH. call for the mixture to be enrichened “as required for smooth engine operation.”  All three POH call for the mixture to be full rich on landing.1,2,3,6,10,18.  Make sure that by the time you reach the landing pattern the mixture is full rich unless you are landing at a high density altitude.  In the case of the latter, you must adjust the mixture for smooth engine operation per the POH, or the engine will probably quit on landing. 20
4. SAR, CD and TFR Flights.  Leaning can and should be accomplished when practical during these operations.  Most often, engine power is in the 55 to 65% range, which allows for “Best Economy” leaning per the POH.  Some may not feel comfortable leaning at the low altitudes involved, but remember that a lack of leaning could cause an unwanted buildup of deposits in the combustion chambers.  This can eventually lead to a rough running engine, which is even scarier down low.  

It is also realized that searches and other missions do not always mean a constant altitude or power setting, and this could mean having to excessively adjust the mixture control throughout the flight. 

If you anticipate such situations, try to pick the lowest mean altitude you anticipate and lean for Best Power at the 75% engine power setting as described in the POH.  This method will protect the engine and keep from wasting too much fuel.  You still may have to continue leaning throughout the flight.

If flight conditions such as a downdraft, terrain avoidance, etc, require an immediate and abrupt power increase, use the time honored method of advancing the mixture, then the propeller (if necessary) and then the throttle.  Don’t worry about advancing the mixture rapidly in these conditions because the increased fuel introduced to the engine operating at a much lower temperature at these power settings will not be too much of a “shock cooling” factor. 6, 

CONCLUSION:  Once again, this is a very controversial subject, and your inputs would be greatly appreciated if you see something you detect as in error.  Thank you.

Jack Krause, Lt. Col. CAP

Wing Standardization & Evaluation Officer (DOV)

REFERENCE INDEX

1. Pilot Operating Handbook for the Cessna 206

2. Pilot Operating Handbook for the Cessna 182

3. Pilot Operating Handbook for the Cessna R182 (RG)

4. Homepage Article by Mr. Jack Hansen titled, Improper Leaning Procedures-Leaning During Ground Operations.  (Article supplied by Settle GADO.)
5. Email from Mr. Jack Hansen dated 3/5/02, re “Leaning.”
6. Telephone interview with Mr. Joel Wattum, Continental Engines Regional Tech Rep.
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8. Face - to-face interview with the owner of an engine rehab facility at the Northwest Aviation Trade Show at Puyallup, Feb 02.
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10. Book by William Kershner titled, Logging Flying Time
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18. Lycoming article on Leaning Textron Lycoming Engines
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