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16. OIL, AIR & FUEL FILTRATION

One of the most important items involved in achieving maximum longevity and optimum
performance from an engine is in how well the oil, air and fuel is filtered. The primary
objective of oil, air and fuel filters are to eliminate the maximum quantity of abrasive
particles. If these particles are not effectively filtered out the life cycle of the engine will
be drastically reduced. The goal of this section is to identify and review the critical items
you need to know about oil, air and fuel filtration so that you can make an informed
decision regarding your choice of filtration products.

Note that I will not be covering tribological concepts of engine wear as it is beyond the
scope of this book and is a subject in itself that research scientists that | work with spend
their entire careers on and involves a requires high degree of knowledge of chemistry,
science, physics and tribology to fully understand.

The job of an oil filter is to remove atmospheric contaminants, wear particulates caused
during engine operation and particulates in the oil created during the combustion process.
The sum of these contaminants, if not properly filtered can wreak havoc on an engine and
drastically reduce its longevity.

These particulates include products from fuel and its components such as carbon. This
product is caused by the transfer of combustion products from the fuel to the crankcase
oil. Carbon and soot is the cause of many deposits found inside engines. Diesel engines
in particular can have very high degrees of carbon and soot build up, especially if they
are operating with a plugged air filter and under heavy load, since the quantity of air is
drastically reduced. Although air filtration is extremely important whether the engine is
operating on gasoline or diesel fuel, diesel engines consume much more air during
operation than gasoline engines. Other deposits can be caused by oil diluted with fuel
from poor combustion or from an improperly warmed engine where unburned fuel can
blow by the piston rings and enter the crankcase.

Note that fuel and water are also sources of contaminants but are also very difficult to
filter effectively and require additional filtration systems. Special by-pass oil filters are
effective in filtering out water but fuel still remains a problem. It is very important to use
a high quality fuel filter and change it according to recommendations. On diesel engines |
highly recommend installing an auxiliary fuel filter/water separator because many
original equipment fuel filters cannot remove sufficient quantities of water or the small
sizes of particulate contaminants. Premium quality fuel filter/water separator units can
remove virtually 100% of the water and contaminants.

The engine wearing during use also causes deposits. The resultant products of this type
of wear include iron, lead, copper, tin, aluminum from bearing and bushing material and
other metals such as chromium from piston rings and valve train parts. Other significant
sources of engine oil contamination include silicon left inside the block from sand casting
at the foundry, machining particles from manufacturing and certain coolants and
additives and particulates introduced from faulty or worn sealing surfaces, especially
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seals such as front and rear crankshaft and water pump seals, gasket materials or sealants.
Another often-overlooked area of particulate entry is the funnel or oil container itself. Oil
containers are sealed at the factory but after opening one it is easy for dirt particles to
accumulate around the opening or in the funnel used to direct the oil into the engine. |
keep all my funnels perfectly clean in a sealed plastic bag in a cabinet and never out in
the shop or garage where they can pick up contaminants. Once | have opened an oil bottle
it also goes in the cabinet.

As a side note, you may wonder why sand from machining operations is not fully cleaned
out during the preparation and assembly process. The manufacturer does attempt to get
all casting and machining particles out but still, the fact remains that there are millions of
microscopic peaks and valleys and surfaces and passageways inside a cast surface that
these microscopic particles of sand and metals may become embedded and are not all
cleaned out during the wash process. The most effective way to clean cast surfaces is
with hot steam, water and an industrial soap solution. That’s why when rebuilding an
engine after machining the cylinders, regardless of how well you clean them with parts
cleaner, carburetor cleaner, brake cleaner, etc., the most effective method is to use warm
dishsoap and water to thoroughly clean all machined surfaces. Then after cleaning rub a
lightweight oil on the parts to prevent the humidity in the air from causing corrosion.

I recall a project | worked on at an axle manufacturing plant where we developed a
special paint to coat the axles after casting and machining, but prior to assembly. The
entire axle housing was put on a conveyer and dipped in a special paint. The paint served
two purposes; to prevent external corrosion for a specified time period under severe salt
and atmospheric conditions and to seal the inside of the axle housing so that any
machining and casting particulates would not cause premature wear to the gears and
bearings. The same theory holds true for engine blocks, however engine blocks are not
painted internally.

The fact is that even with modern manufacturing practices there is still a certain amount
of abrasives inside an engine from the manufacturing or rebuilding process. That is why
filtration is so critical. In the absence of proper oil filtration these particles can be picked
up and carried into circulation. One single particle embedded in a bearing is capable of

causing appreciable damage.

The Effect of Used Oil Contaminants on Engine Wear (b)

The role of oil filters is, firstly, to remove all abrasive particles larger than a certain size,
thus establishing a certain degree of filtration (more on this later). Given that general
clearances between crankshaft and connecting rod bearings in modern automotive
engines is between 0.0006-0.002 in. (15-50 microns) up to 0.003-0.004 in. (80-100
microns) in certain large industrial or diesel engines, and the thickness of oil film is
between 5 and 75 microns with no load and 5 to 15 microns when fully loaded, steps
should be taken to remove all hard particles with a diameter of more than 5 microns or at
least those between 10 and 15 microns in diameter. This does not mean that smaller
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