


AIRSPEED COMPARISON

Cessna 182 Skylane: TAS vs. Ground Speed
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the horizon into two 180-degree arcs, one
extending 90 degrees to either side of the
airplane’s nose and the other extending 90
degrees to either side of the airplane’s tail.
We might define wind blowing from a
direction within the forward arc as a “head-
wind,” wind blowing from a direction in
the aft arc as a “tailwind,” and wind blow-
ing from exactly 90 degrees to our track as
a direct crosswind (neither a headwind or
a tailwind). We might go further and pos-
tulate that if wind direction relative to our
track is randomly distributed around the
entire 360-degree horizon, we would expect
the likelihood of having a headwind or tail-
wind to be a toss-up.
But this mental picture is simply wrong
unless the wind is negligible. Here’s why:
If the wind aloft is significant and blow-
ing from 90 degrees to our track, we must
crab into the wind to maintain that track.
Crabbing into the wind reduces our ground-
speed, transforming what we thought was a
direct crosswind into a headwind. The wind
direction would have to shift noticeably aft
of the 90-degree point before it changes
from a headwind to a tailwind (top right).
Thus if the wind is significant com-
pared to our true airspeed, the forward
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“headwind arc” is more than 180 degrees
and the aft “tailwind arc” is less than 180
degrees, causing headwinds to be more
likely than tailwinds. The stronger the wind
is, the more pronounced this effect is. This
explains the 75-knot difference revealed by
Chris’ Skylane study, and confirms what we
pilots have long suspected about the deck
being stacked against us.

CHT STUDIES

We’ve used our “big data” repository to do
lots of other interesting studies, too. Some
have focused on what I consider to be the
most important factor affecting engine
reliability and longevity: cylinder head tem-
perature (CHT).

For example, I’ve long noticed that
Lycoming engines seem to run hotter cyl-
inder head temperatures than Continentals,
and I wanted to see if we could verify and
quantify that. Chris crunched the numbers
from several hundred thousand flights and
came up with the following results:

Data demonstrated clearly that Lycoming
cylinder head temperatures do indeed run a
good 20 degrees F hotter than Continental
cylinder head temperatures (see Figure 3).
There are some good engineering reasons
for this, notably the fact that Lycomings use
sodium-filled exhaust valves that transfer
heat from the valves to the cylinder heads
more efficiently than do Continental valves.
Fortunately, Lycoming cylinders employ
a head-to-barrel junction design that can
handle higher temperatures, which is why
Lycoming sets its CHT redline at 500 degrees
F, compared to Continental’s more conserva-
tive 460 degrees F.

One interesting aspect of this study that
had me puzzled was the odd-looking double
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peak on the Lycoming cylinder head tem-
perature histogram. Drilling down further
into the data revealed that the Lycoming
10-360 series was responsible for the
double peak. It turns out that Lycoming
originally spec’d the 10-360 ignition tim-
ing at a rather aggressive 25 degrees before
top dead center (resulting in hot cylinder
head temperatures), and then later changed
its mind and retarded the timing to a more
conservative 20 degrees BTDC (resulting
in much cooler cylinder head tempera-
tures). It appears that there is now a mix
0f 10-360s in the field—some timed to 25
degrees and some to 20 degrees—account-
ing for the double peak.

Another thing I’ve noticed is that pis-
ton airplanes designed in the past 20 years
or so have much more efficient cooling sys-
tems and much more even cylinder head
temperature distribution than legacy air-
craft. To find out just how much more
efficient, we compared normally aspirated
Cirrus SR22s and Cessna 210s, looking at
the spread between the hottest and cool-
est cylinder head temperature (this page).

The modern cooling system design
of the SR22 provides much tighter cylin-
der head temperature spreads than the
60-year-old design of the cooling system
in the Cessna 210. Drilling down further,
it’s clear that the 210 cooling system’s
problem is systemic, not random: The
left (even-numbered) bank of cylinders
has much better cooling than the right
(odd-numbered) bank, and the right-front
cylinder (number 5) is almost always the
hottest-running problem child. That sug-
gests a fundamental design issue with the
210’s cooling system. Conventional wisdom
holds that the problem is related to number
5 being right behind the engine’s right-
front-mounted oil cooler, making it difficult
to obtain adequate cooling air. (More recent
engine designs from Continental relocate
the oil cooler to the back of the engine,
behind cylinder number 2.)

This is just a taste of some of the cool
results that can be obtained by mining and
analyzing big data from piston GA aircraft.
1 estimate that roughly 50 percent of the
piston GA fleet is equipped with recording
digital engine monitors capable of cap-
turing real-time engine and flight data for
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analysis. The potential benefits of collecting
and studying this data are enormous.

Sadly, however, the overwhelming
majority of captured data is never extracted
for analysis, and winds up in the proverbial
bit bucket, forever lost. It amazes me how
many aircraft owners have fancy data mon-
itoring equipment but have never retrieved
the recorded data and don’t even know how.
One of my challenges is to convince aircraft
owners to dump their captured data for
analysis on a regular basis, much as they
have oil filters inspected and oil samples sent
to the lab. My hope is that the next genera-
tion of avionics will be able to “phone home”
autonomously over the internet.

Analysis of big data isn’t limited to
studying groups of aircraft. By comparing
data obtained from one particular aircraft
against data from a cohort of similar aircraft,
it’s possible to provide important actionable
information to aircraft owners. Software can
automatically detect exceedances and outli-
ers, and identify mechanical and operational
problems that might otherwise go unde-
tected. More about this next month. AOPA
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