NGTAP FROM APT OPERATIONS - ENGINE MANAGEMENT
September 19487,

While we are beginning to melt off our lead of finaneial ice
and  have recently  climbed painfully to 4 better
revenue-altitude, Neil haa emphasized that ye are in no
position to entertain major engine expense op 1033 of revenue
due to any derious AOG problem. Recently we had 2 round of
thls with the Mooney's exhaust aystem, whieh haq
replaced. While the exact cause of the failure is not known,
I have noticed 3ome ill-informed op fairly casual flying
habits whieh mlght even now be contributing o further
Erouble with our engines. Some thoughts:

A.  AIRSPEED FOR COOLING

AVOID GRINDING ALONG WITH SIGNIFICANT FOWER AT 3 LoW
AIRSPEED]

BE VERY CAREFUL TO SEE THAT THE MOONEY's COWL FLAPS ARE QPEN
DURING ANY LOW-AIRSPEED, HIGH POWER MANEUVER. (LIKE‘-\'ISE,
DON'T FORGET TO OPEN THEM ON THE GROUND} .

Alrplane engine cooling aystems are rather eritical,
Prolonged maximum rakte or angle climbs, pralongeé use or
go-around power while dragging along with the wheels down, op

excessive slow-flying high on the back side of the power
curve may allow the airecoled parts to reach dangerouns
temperatures, BON'T MURDER THE ENGINE THIS WAY. In our

speed range, heat transfer ia roughly proportional to
airspeed, and therefore 3peed has an enormous effect on
temperakure. USE MAXIMUM PERFORMANCE POWER AND ATRSPEEDS

WHENEVER YOU HAVE TO, BUT KEEP SucH USAGE BRIEF AND AS S00N
AS POSSIBLE, GET SOME AIRSPEED. In normal elimb with the
Mooney, use 26"/2600 rpm, mixture rich, and the higher of the
recommended en-route alimb 3peeds whenaver possible (115
mph) .

3. LEANING PRECAUTIONS

ALWAYS LEAN IN CRUYSE. DON'T WASTE GAS AND FOUL THE PLUGS BY
FORGETTTING TO LERN, EVEN ON SHORT HOPS.

LEAN THE ENGINE CAREFULLY! ALMAYS CHECK FULL RICH (OR LEANED
AS REQUIRED FOR T.0. AT HIGH ATRPORTS) BEFORE TAKEOFF1I N
ALWAYS SET FULL RICH WHEN INCREASING POWER, THEN LEAN
IF NECESSARY FOR SMOOTH OPERATION, STAYING AT LEAST 125
DEGREES DOWN ON THE RICH SIDE FROM PEAK.

WHEN LEANING IN CRUISE {£BHP ¢ T5%) SET EGT JUST SLIGHTLY on
THE RICH SIDE OF PRAK!

WATCH POWER AND MIXTURE SETTINGS WHEN DESCENDING - KEEP POKER
FROM CREEPING UP AND MIXTURE FROM RUNNING LEAN.

Our mechanic has suggeated that we might aveid future valve
and exhausat system Erouble with the Mooney by using the
best-power settinga (100 degrees rich). The Mooney rfactory
does not coneur, saying that this enly wastes gas (1.5 gpn}
and shortens range (by t hr). The ractory recommends
operation by the book (25 degrees down from peak on the rieh
afde) and further, saya that operation right at peak (fBHP <
75%) 1is oK. Our considered opinion is that the factory
recommendation should be Tollowed, and overheating counteregd
by attention to the airapeed, as outlined above.

Since the EGT peak 1s somevhat broad and hard to determine at
times, T recommend enriching to get a small but definite
drop, i.e., the recommended 25 degrees, and then running it
right therel

172  should llkewise be leaned earefully, even for shaort

-P8, espeecially if 10OLL 1s abeard. Leaning while taxiing

4 waiting on the ground may also he helpful {(but don't
forget to anrich again before t,o.l), Plug fouling by 100LL
calla for aggresaive leaning to burn the deposits off, and ip

ordinary eruise, the mixture should always bhe Yeaned
carefully, close to peak. With 8o, things aren't gp
eritical, but You ahould atil} lean when leaving the traffic

area to go somewhera,

f
1
COCKPIT WHILE voyu FUSS wITR 7
MIXTURE! Onece at initia] crulse altitude, .

keep your eyes elsevhere. Slowly pull (op unzcrew) the kno
until the engine sound changes and You feel
loss, then shove it 1n (slowly and smoothly)
4 couple of turna) to where the
Refine the setting later in
ecockplt and 3ettling down.
in stages, scanning the instrument 10 seconds afte;
making the change to see what you accomplished eacl time,
THEN LEAVE IT ALONE unlesas you're changing power or altitude,
You can teat the sestting now and then by leaning or enriching
slightly and noting the needle acvement, but dontt filddle
Wwith it or stapre at the instrument apd neglect your acan.,
Generally 3peaking, you should be dotng something else while
walting for the gauge responas.

confortably
cruise after cleaning up th

When making a long, slow descent, check the Power aetting ang
Push the mixture knob in occasionally to make aure that you
stay within the power percentage you want, keeping the
mixture on the righ aide. of eourse, be absolutely sure that
the mixture 13 set appropriately rich (and ruel tank on
fullest) before ¥ou begin ap approach, and check mixture piah
before atarting a go-around or a climb.

Incidentally, never skimp on

takeofr op performance-climh
power thinking that you are doing Lhe engine a favor, You're
not -- and by not getting safe altitude promptly, you aren’t

doing yourself 2 favor either!
(or to the appropriate best-pover setting if necessary to
lean for high altitude -- gyt West, for example) and check
the setting as You roll into position, Then apply takeoff
power. Full throttle at takeoff or other high-power,
low-airspeed occasions is Specifically recommended, since it
typically brings extra Jets in the carburetor inpto action
which further enrien the mixture fopr improved engine cooling.

Always set the mixture rich

{(On the other hand, cruising with the throttle perpétually
firewalled like they do out Weat, is definitely not a good

idea, unless yeu happen to be at an altitude where this ean't
result in $BHP over 753,)
C. ENGINE POWER SETTINGS

CHECK YOUR POWER SETTINGS AGAINST THE BOOK:
KNOWN CONDITION,

FLY AT SOME
KNOW YOUR FUEL CONSUMPTION AND RANGE,

KEEP THE POWER WITHIN THE RaTED LIMITS; MAKE CHANGES
SHOOTELY. MAKE ANY LARGE POWER-REDUCTTONS IN STAGES TO AVOID
SHOCK COOLING AND OTHER PROBLEMS.

Y¥hile they will Eolerate higher powep setlings for short
times, our kind of aireraft engines ape rated at 75% max BHP
at eruise 1n aorder te hold down the repetitive pounding and
atretching of the engine parts tg a tolerable level over the
normal engine life. Tha 0ax. continuous powepr setting limit
also helps to keep engine Lemperatures within bounds. The

englines gwork pretty hard —— they ean run at 65% or 751 For
haurg on end, and do this rather eclose to the limits imposed
by the materials and the cooling. By way of contrast, an

automobile engine, made of nice solid gast iren and bathed in
constant temperature wWater, typically loars along at only 12%
(average) of 1its full power.

By all means atay within the rem limits.
the airerart engine 1is there to Iimit the
rapidly reversing piston and rod accelerations, the apeed of
plston travel, and the amount of centrifugal foree on
crankshaft and prep. Hoat particularly, {1t fa there to aveid
destructive mechanical resopances lurking in mOuT kg,
c¢rankshaft, and Prop at certain rpma pcutside the designated
OPerating range. With the 172, 1t 1ig relatively easy to
exceed redline in a dive. Don't do It}

The rpm rediine cn
violence of the

Hith the Hooney, don't let 1t run in  the restricted range
without tha required ainfimum manifold pressurel I have seen
Some members do  just thisy Although the vibration isa
horrendous, it will descend legally at 17"/1700 1if you really
want to run it there. Watch Out for prac windmilline.
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Please 3ese page 6-4 of ths 172 manual (or pp. 5-20 through
5-35 of the Mooney manuzl). There You will see bower, apeed,
and endurance figures fop varioua rpma and altitudes. The
column 3BHF shows how hard Ehe engine is working as a percent
of full rated power.

(BHP is brake horsepower, an antique engineering term meaning
effective power available ak the propeller shaft._ In the
Mooney book 1it's mislabelled "{RPH, "}

STUDY THE MANUAL MATERIAL AND KEEP THE TABLES HANDY FOR
COCKPIT REFERENCE, For economy and less noise, use the 65%
(or amaller) power sebtinga Any of the rpm and manifold
presasure combinations listed ean be used, provided that the
engine runs smoothly. There is aothing magiec about "aquarea"
settings (e.g. 23" and 2300, 247 zngd 2100, ete.). Wnile the
lower rpms save engine wear (az well as tach time) it seems
beat to run the Hooney at the higher rpm3, since the lower
onea obviously begin to excite the wicked reagnance lurking
down there in the rpm restriction area.

Running the 172 englne isn't nearly as critical, but there
are a few things to think about. Note that for a fixed-pitch

prop the output power varies roughly as the square of the
rpm, and that it decreases slowly at a given rpm with
altitude (the prop encounters less afrp reaistance at

altitude, therefore to turn it at the same rpm requires Jleas
power). Note alsc that the maximum power obtainable ia
limited by the amount of air the engine can gulp down at a
given altlitude and the maximum rpms allowed. (The same
conditions affect an engine driving a constant-apeed prop, as
can be seen by studying the manifold pressures correaponding
to given rpm and the §BHP settings for various altitudes.)

During climb and descent in the 172, changing airspeeds have
a definite effect on rpm and hence on total engine power
output via the number or exploaiona per second, but in terms
of actual strain on the engine, the effect of power
ariations due to airspeed changea 13 small. The throttle
etting vs. altitude and rpm is much more important, aince Lt
4overns how big an explosicn you get on each Firing. The
airspeed primarily affects the coaling, as deseribed above.

The 172's engine, for example, is working hard with throttle
wide open abt the start of the takeoff roll, but it typically
turns up only 2300 rpm at the zero initial alrapeed, and thus

puts out considerably leas power than it does latep on after
the airapeed i3 up and the Prop can turn faster. It's sti11
under strain, however, atruggling to turn at the lower rpma

with the throttle wide open.

THE INTTIAL MAX RPM IS SOMETHING TO CHECE, BY THE WAY, ON
EACH TAKEOFF IN ANY AIRPLANE. In the 172, 50 rpm low is a
losa of 4% of the total power, or a loss of at least 153 in
the eritical margin of excess-power avallable at sea level to
make the alrplane take off and climbl This margin decreases
with altitude, of eourse, making rpm losa even more critical.
Keep an eye om the initial takeoff rpm and compare it to what
you have come to expect. (Actual takeofr rem will wvary with
temperature humidity and altitude, as well as engine
condition.) Any unexpected fall-off here, or any unusual
sound or feel 1s reason to abort!

Hith a constant apeed prop, the rpm 1a eatabl ished by the
Prop governor, so one looks at the intake manifold pressaure
as well as the rpm to see how the engine Is doing, and agaln

compares the sound and feel of the engine with what is
nected.
‘1ng takeofr, go-around, elimb, or eruise with a canstant

speed -prop, RUNNING AT TOO HIGH A THROTTLE SETTING FOR THE
RPM IS VERY BAD! With the engine running under-apeed for a
given power output, the repetitive axplosions are both toa
strong and are somewhat bottled-up, sub jecting the ¢ylinders,
platons, and crankahaft to severe and prolonged atrain on
each sweceaaive burp.

-

Bear in mind what is actually going on insidel The englne
made of saft, ralatively limber aluminum pot-meta) and atiff:

unylelding steel, actually throbs in size with eaqt
explosaion, atretehing and releasing the eylindeps
attachment bolta, etc. .

All the active parts auffar rapid
cyclie deflections. Temperature builds up from exhaust heat
and friction. These effects bring about Pronounced changes
in parts fits and clearances, since aluminum expands greatly

heat, 1its thermal expansion being mueh higher thap
that of steel. What's worae, since the mechanica) ensemb) e
of bearings, erankshaft, prop, and zounts are al}) limber apg
light-weight, the whole thing wiggles and shimmys with all
kinds "of relatively‘lowarequéncy reacnances which can raise
hell if they become unduly exelted. Despite the best effortsy
of the engineers to 3uppress or shift them, these resonances
are often perilously close to the operating range, and are
Just waiting te Pop up under the right conditions.

Even so, an aircooled aluminem engine really doesn't suffer
toc much when putting out rull power for just a short time.
Most engine faillures occur net at rull power, but on Firat
reduction after takeoff. The heavily loaded parts nay
experience forces from transient resenances briefly excited
by the change in pewer or rpm. This can cause real trouble
=-- the Mooney manual specifically warna against exciting
these resonancesa by sudden power changes! Also, with leas
centrifugal farce and leas heat, Lhe distended parts, which
have just accommodated themselves to full povwer conditiona,
begin to contract and rub togethep differently while still
under heavy load. THIS IS WHY YOU MUST ALWAYS REDUCE T.0.
POWER SLOWLY AND CAREFULLY . AFTER GETTING A SAFE PATTERN
ALTITUDE —~ WITH THROTTLE AND PROP CONTROLS OPERATED SMOOTHLY
AND IN THE CORRECT SEQDENCE EVERY TIME! ’

Also, while the engine ean be run for a short time at high
bowers, and indefinitely at any of the approved cruise power

and mixture settings, shock-cooling the engine or changing
pover leading sudderly is g bad idea at any time. Even if
nothing happens immediately, wviolence has been done.

Eventually, dangerous and expensive problems appear, such as
eracked cylinder heads, cracked rings, or premature 1loas of
compression. These are all avoldable or at least postponable
with a more intelligent Danagement of the engine. PLAN POWER
CHANGES AHEAD OF TIME AND EXECUTE THEM SLOWLY, IN STAGES, IF
NECESSARY!

If we use good technique with airspeed,
setbinga, the

mixture, and power
engines will benefit greatly, and so will we.

KR 94/80

--.Probabty knew how te take care of his engine.



