DO YOU
- KNOW YOUR

OIL COOLER?

BY NORM ELLIS

While I was working on my last project, a field approval of an oil
cooler swap, I noticed the lack of information available to the
average person and how misinformed people are about oil cool-
ers. I came to one conclusion after many hours of talking with
A&P mechanics, clubs, and organizations. As long as the oil tem-
perature needle is in the green arc, who cares? This is the gen-
eral consensus and attitude of the aforementioned.

Aireraft manofacturers design an airplane. The
Iast thing the manufacturers give any thought to is
the cif cooler. Most aircraft manufacturers simply
tind the most convenient place tn install the oil
cooler. What makes matters worse is that aircraft
manufacturer will start with the smallest, cheapest
oil cooler available, test the oil cooler in flight, and
use whatever oil cooler will work to keep the oil tem-
perature needle in the green arc,

A pood case in point is the Cessna 177 Cardinal,
first introduced with a Lycoming 0-320E2D, 150
horsepower engine. This model uses the same
Stewart Warner oil cooler as the Cessna 172 with a
Lycoming 0320-H2AD, 16{ horsepower, This was
nat a problem.

However, when Cessna decided to introduce
the 177RG Cardinal, with a Lvcoming 10-360-
A1B6D, 200 horsepower engine, using the same oil
cooler, as original first model 177 Cardinal ... itdoes
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not take a rocket scientist to figure this one out,
Using common sense, a bigger engine with more
horsepower generates more heat to the engine and
engine oil. This requires a bigger oil cooler to cool
the engine oil and requires increasing the size of the
engine cowling for cooling. However, Cessna did not
do this. Ah, why not, you may ask* The oil temper-
ature needle is in the green arc, 8o who cares?

Engine heat is created from both the friction of
moving parts and theignition of fuel inside the cylin-
der. Motor oil helps cool the engine. The airflow into
the engine compartment is responsible for only 60
percent of the engine cooling that takes place, This
cools anly the upper portion of the engine, includ-
ing the cylinder heads, evlinder wails, and valves.
The oil cools the other 40 percent. |

0il is directed onto the hot surfaces, such as the
crankshaft, main and connecting rod bearings, the
camshait and its bearings, the timing gears, the pis-
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tons and many other components in the lower portion of the
engine that directly depend on the motor oil far cooling,

The oil pump continually circulates the ail to all areas of
the engine, which carries heat away from hot surfaces of the
engine and transfers this to the air stream through the oil
cooler. The amount of oil required to lubricate an enging is
actually very small when compared to the amount needed to
cnsure proper cooling of these internal parts.

(Jil coolers are nothing more than a radiator or a heat
exchanger to cool the engine cil. Engines requiring oil coolers
have an ideal operating range for engine vil of 180 degrees
Fahrenheit throngh 200 degrees Fahrenheit general.
Lycoming recommends the oil temperature to be 163 degrees
Fahrenheit through 220 degrees Fahrenheit for maximum
service life. While operating in this range, oil acts as a lubri-
cant minimizing friction and wear, cools the engine, works as
a cleansing agent in the engine, helps prevents contamination
and corrosion, and seals the piston rings and other mating sur-
faces.

For example, an oll cooler system in a Cessna 177RG air-
plane, powered by a Textron Lycoming engine model 10-360-
A1B6D is an external oil cocler mounted to the firewall.
Flexible hoses carry the oil to and from the oil cooler. Cooling
air is ducted to the oil cooler from the lower right engine bai-
fle to the shroud-covered vil cooler. Exhaust air from the oil
cooler discharges into the engine compartmenit.

A thermostatically operated oil cooler bypass valve is
installed in the oil filter adapter, which causes oil to bypass the
oil cooler in the event of congealed oil or an obstruction in the
oil cooler. If the oil is cold, the bypass valve allows the oil to go
directly from the oil pump to the oil filter. If the oil is hot, the
bypass valve routes the oil out of the aceessory housing and
into a flexible hose leading to the oil cooler. The oil cooler
starts operating at 185 degrees Falurenheit.

(ne company has an STC for an cil cooler a size larger.
It's used on Cessna's 172 and on the Cessna 177. This com-
pany ¢laims the oil temperature is reduced to 190 degrees
Fahrenheit. I find this hard to believe, especially after speak-
ing to another conpany that uses an oil cocler two sizes largcer.

This latter company claimed it achieved an oil tempera-
ture of 220 degrees Fahrenheit at 16,000 feet with a tur-
bocharged engine, when the air temperature on standard day
is 2 degrees Fahrenheit, which provides excellent cooling
using ¢old air. Although the air is thinner, this has litde if any
effect on cooling the oil. f

However, if you ity like | do, generally at 6,000 feet, with-
out a turbocharger on the way to that hundred-dollar ham-
burgcr at an airport restaurant in California, the air
temperature remains the same as the surface temperature.
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Point being, the air will not help in the cooling of the oil at
higher altirudes where the air is thinner vs. low altitudes where
the air is dense,

Another variable in this equation is the temperature envi-
ronment or location of where vou flv. This can have different
effects on oil cooling, If the manufacture and certification of
the aircrait is in Kansas, where the elimate is different from,
say, Alaska or California, you will have a different temperature
variation than where the aircraft was certified. This will affect
the oil cooling pracess. Obviously, on a cold day, the cil and
oil temperature will be lower than on a hot day,

PROBLEMS OF HIGH OIL TEMPERATURE

()il that exceeds 220 degrees Fahrenheit losses its ability
to lubricate and cool the engine, which will cause accelerated
tatigue, premature component failure and requires irequent
oil changes. In other words, this reduces the engine life. Coking
or cooking or burning the oil on to the engine internal parts
induces high engine temperature. The worst-case scenario is
oil evaporation leading to engine seizure.

The aircraft with the old oil cooler that was modified for
this article registered a high oil temperature using full mix-
ture, richer than peak on a hot day. This effected fuel con-
sumption because gasoline is used to cool the engine. If the
oil cooler is not properly sized for cooling the engine oil, run-
ning the fuel mixture rich in order to cool the engine directly
effects the fuel consumption.

TROUBLESHOOTING FOR HIGH OIL TEMPERATURE
Before swapping the oil cooler out, check each of the fol-

lowing carefully:

Engine closely inspected {especially at overhaul)

Compression

Magneto timing

Temperature control oil cooler bypass valve
. {vernatherm) and valve seat

Oil temperature gauge

‘Oil pressurce

Baffling

Oil cooler

Oil quantity

Proper grade of oil

Fuel mixcure, ete.

if the exhaust system is near the oil cooler, install a heat
shicld on the cxhaust pipe orany componentsnearthe oilcooler

generating heat. Also, follow the "Trouble Shooting Guide for
High Qil Temperature' from the engine manufacturer.
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TIDBRIT INFORMATTON ABOUT OIL

There are twd systerns classifying
oil. One system determines the oil's vis-
cosity (the SAE grade}, and one svstem
determines the oil performance level,
i.e. which oil to use in what type of
engine (the APl class).

DEFINITIONS

DENSITY is the mass of a unit vol-
wme of a substance. Its numerical value
varies with the units used.

FLASHPOINT is the temperature to
which a combustible liquid must be
heated togive off sufficient vapor to form
momentarily a flammable mixture with
air when a small flame is applied under
specified conditions.

FIRE POINT is the temperature at
which oil will burn if ignited. The flash
pointis not necessarily asafe upper limit
for oil because some decomposition
takes places below the flash point.

OXIDATION RESISTANCE is the
service life of an oil. Oxidation rate
depends on temperature, the amount of
oxvgen prescent, and the presence of

catalytic metals. Usually, temperature
is the most important factor because the

oxidation rate doubles for each 18
depgrees Fahrenheit temperature rise.
The effects of oxidation include the for-
mation of gums and acids, and increased
viscosity.

POUR POINT is the lowest temper-
ature at which an oil or distillate fuel is
observed to flow, when cooled under
conditions prescribed by test method
ASTM D 97. The pour point is 3 degrees
Celsius (5 degrees Fahrenheit) above
the temperaturc at which the oil ina test

vessel shows no movement when the
container is held horizontally for five

seconds.

VISCOSITY is the resistance to
iflow. High viscosity flows slowly and low
viscosity flows freely. The viscosity of
the oil is affected by low or high tem-
perature. Viscosity varies inversely with
temperature; its value is meaningless
until the temperature at which it is
determined is reported.

For example, Shell 100 (S0W) il
has a Pour Point of -9.4 degrees
Fahrenheit and a flash point of 500
degdrees Fahrenheit.
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__The next time you look -
__atyouroil temperature
_gauge, ask yourself, Is this
_Gauge really telingme
everything that is going on
with my engine?

SIZING AN OIL COOLER
Sizing an oil cooler will require cer-
tain amount information:

s Tvpe of oil to be cooled |
o ()l inlet temperature (oil from the
engine entering the oil cooler)

e Desired oil temperatare, required
by the engine manuiacturer, oi the oil
returning to the engine from the oil
cooler |

* (il flow in gallons per minute from
the engine to the oil cooler irom the
engine manufacture

¢ Temperature inside the duct to the
0il cooler

o  Duct ared

*  Veloeity of air inside the duct

* Heat rejection required by the
engine manufacturer for the ¢il cooler

Armed with all this information,
vou. can now call the oil cooler manu-
facturer. The manufacturer will provide
vou with a recommended oil cooler that
it manufactures for proper oil cooling,

Worst-case scenario would happen
if a larger oil cooler is installed such that
propcer airflow is not provided through
the oil cooler fins. It would have to be
relocated.

It conclusion, the next time you
look at your oil temperature gauge, ask
vourself, is this gaupe really telling me
everything that is going on with my
enginc and howlong do [ wantmy cnging
to last?

Norm Ellisis an instrument-rated pri-
oate pilot and has been a mechanical
design engineer consultant for the lost
fifteen vears., He holds three multi-
STCs that are certified on 88 qircraft.
I would like to thank Joy Morse for her
patience in editing this article and
John "Dino" Dionisio for making this

article possible,
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