Air Filtration Technical Reference
Donaldson provides this technical reference as a collection for
those who want to gain a better understanding of air filtration for
engines.
Good filtration needs to be an integral part of the system to ensure
the long life and proper operation of the vehicle and engine
components. Today diesel engines are very sophisticated with
many precision systems working together. These systems require
optimum filtration to ensure their performance.

Section

www.buydonaldson.com

Engine Air Filtration •

AIR FILTRATION - TECHNICAL REFERENCE

Air Restriction & Affects of
Elbows and Entrance Diameters......220
Terms & Definitions..........................222
Filtration and Separation
Mechanisms.....................................223
Filter Media used in Air Filtration......224
Filter Efficiency.................................227
Filter Cleaning...................................228
Safety / Secondary Filter..................229
Installation Guidelines for STB
Strata™ System.................................230
Frequently Asked Questions.............231
Off-road Case Study —
PowerCore® Air Cleaner....................234
Technical Paper — PowerCore®
Filtration Technology.........................236
Technical Paper — Spiracle™
Crankcase Filtration..........................241
Application Design Worksheets —
Engine Air.........................................247
Application Design Worksheet —
Crankcase Filtration..........................249

219

Technical Reference
Air Restriction & Affects of Elbows and Entrance Dia.
What is Airflow Restriction?

Include Entire Airflow System
When Calculating Initial Airflow
Restriction

The resistance to the flow of air through
the air cleaner system; typically measured
in inches of H20 or kPa.

Any intake system design should incorporate the best
protection at the lowest initial restriction possible.
Because each intake component contributes to the
total restriction of the system, it is recommended
that the position of the air cleaner be as close to the
engine as possible. It is also important to minimize
the elbows, bends and long runs of duct work.

Restriction across the air cleaner is the difference
in static pressure between the atmosphere and the
outlet side of the system being measured. Analogy:
trying to pull liquid through a straw that is kinked versus one that
is not. Obviously, the greater the kink, the harder it is to move
liquid through.

AIR FILTRATION TECHNICAL REFERENCE

Air in an intake pipe acts much the same way. Any
time the direction of the air is changed, there is a
resulting pressure that increases the restriction of the
system. While we can’t totally avoid direction changes,
they should be minimized.

Changing the
Conversions:
direction of
the intake air
1" H2O = 0.0361 psi = 0.249 kPa
movement causes
1 cfm = 0.0283 M3/minute
restriction, which
1" = 25.4 mm
causes the engine
1 lb-ft = 1.35 N•m
to work harder.
While this is
something we
like to avoid, the reality is that it cannot be avoided
totally . . . but just how much is too much, and what
can be done about it?

The Affect of Elbows & Entrance Diameters
on Air Cleaner System Restriction
Generally, the smoother the
direction change, such as radiused
tubes versus mitered bends, the
lower the restriction. A 30° bend
(figure 1) adds the least amount
of restriction, while the 90° bend
(figure 7) adds significantly more.
Remember that even straight pipe
causes restriction and pipe with
a cut-off blunt end will add much
more than one with a flared inlet
end. The slight flare makes a major
difference in air turbulence, and
consequently, in restriction.
Not only bends, but length of pipe
is also a factor. For further details
on the amount of restriction added
to the system by piping and bends,
see the next page.
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Air Restriction & Affects of Elbows and Entrance Dia.
The Goal: Minimize the number of bends AND use
bends that cause the least amount of restriction
4" Diameter Piping
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Straight Piping of Various Diameters
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Restriction in Inches H20 


These curves should allow you to do
a quick calculation on the plumbing
you are planning for your system.
Add this figure to the restriction of
your air cleaner (and pre-cleaner
when used) to know if your system
is too restrictive for the engine.
Many engine manufacturers specify
restriction limits for new, “clean”
engine air intake systems.





   

Length of pipe is also a factor, as
shown in graph E. Find the line that
represents your pipe diameter at the
airflow level you’re running to give
you a restriction figure for each foot
of pipe length; then multiply by the
length (in feet) of your plumbing and
you have the amount of restriction
added by that length of pipe. (See
example below graph E.)

















Example (Assuming a 600 cfm system with 5" piping)

a line
  
 5"
 diameter
 line.
      
1. At 600
cfm on horizontal axis, draw
up to the
2. Draw a line from that intersection point over to the vertical axis to find the restriction point, in this case .06 H20.
3. Calculate: .06 x 10 feet of piping = .6" H20. This means that the 10 feet of 5" diameter piping add .6" H20 of restriction
to the engine air intake system.
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7" & 8" Diameter
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6" Diameter Piping
 













   



You may think it odd that straight pipe
(shown in illustration 8) causes the
highest amount of restriction. This is
because of the blunt end. Compare
the restriction curve to illustration 6,
which shows a flared end. The slight
flare makes a major difference in air
turbulence, and consequently,
in restriction.
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Graphs A, B, C, D and E show the
amount of restriction of different
piping diameters, with various
types of bends (illustrations 1 – 8 as
shown on opposite page), at various
airflow levels. You will notice that the
smoother the direction change, such
as radiused tubes versus mitered
bends, the lower the restriction. A 30°
bend (shown in illustration 1) adds the
least amount of restriction, while the
90° bend (shown in illustration 7) adds
significantly more.

 
5" Diameter Piping

Technical Reference
Terms & Definitions

Air Filter/ Air Cleaner
Device which removes particles suspended in the airflow as it
is drawn into the engine.

Airflow Requirements

A manometer is a device that can be used in-field for testing of a
filter’s initial restriction and confirming its remaining filter life. A
manometer, or clock-type gauge, can be a more accurate method
of restriction measurement.

Air is critical to the operation of an engine. The amount of
air required by the engine depends on the type of engine, if
it has a turbocharger, and the engine horsepower (kilowatt)
rating. The engine airflow requirement or specification is set
by the engine manufacturer. Airflow requirements from the
engine manufacturer should be requested for any changes or
upgrades made to the air system.

Overall Efficiency

Axial Seal

The primary filter is the filter in the air cleaner that removes
around 99.9+% of the air’s dust. The air flows through the primary
filter first.

The axial seal sealing method requires a force between the air
filter and air cleaner that provides enough compression on the
gasket between the parts to create the seal.

Overall efficiency is the percentage of dust that the air cleaner
with a filter removes from intake air. Donaldson air cleaners, with a
Donaldson air filter, have a 99.99+% overall efficiency.

Primary Filter

RadialSeal™ Technology

CFM means cubic feet per minute. This is the unit of air flow
measurement. An engine requires a flow of air for combustion.

RadialSeal refers to filter sealing technology that uses the
urethane end cap and the cleaner’s outlet tube to create the seal.
This has become the preferred method of sealing over older axial
seal designs.

Differential Pressure

Rated Air Flow

Difference in static pressure measured immediately upstream
and downstream of the unit under test.

Flow rate specified by the user or manufacturer; to be the
maximum airflow required by the engine.

Dust Capacity

Restriction

Dust capacity is the amount of contaminant that will be
collected on a filter before a specified restriction level (set by
the engine manufacturer) is reached.

Restriction represents the resistance to the flow of air through the
air cleaner system. The static pressure is measured immediately
downstream of the unit under test.

Dust Concentration

Typical units are inches of water ("H2O) or kilopascal (kPa). Air
cleaners with clean filters should have restrictions between
6-10"H2O or 0,5 and 4 kPa

CFM

AIR FILTRATION TECHNICAL REFERENCE

Manometer

Dust concentration expresses the mass of dust in a specified
volume of air. Typical ambient conditions are around 0.1
milligrams per cubic meter. Off-road conditions are around 100
milligrams per cubic meter.

Filter Media
Filter media is the material in the filter that removes the
contaminant. Filter media in primary filters is made from
cellulose and various combinations and blends of fibers
combined with resins to keep the fibers together.
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1 H20 = 9,80665 Pa (Pascal)
1000 PA = 1 kPa (kilopascal)
100 Pa = 1mbar (milibar)
10 Pa = 1 daPa (decapascal)

Restriction Tap
This is the point on an air cleaner where a port exists to add a
filter service indicator. Air filter service indicators measure air
restriction and trip or engage depending on the airflow pressure
on the inlet side of the housing.
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Filtration and Separation Mechanisms

Filtration an
mecha

The Science of Air Filtration

Single-Stage Air Cleaner
A single-stage air cleaner is a dust removing system for intake air
with a filter and no pre-cleaner.

Filtration & Separation Mechanisms

Filtration and separation mechanisms are integrated
into the design tools used by Donaldson personnel in
the development cycle of new products.

Filtration Mechanisms

Separation M

Primary

Primary
Diffusion
Interception

Safety (Secondary) Filter
The safety (or secondary) filter is an optional filter that protects the
engine during servicing of the primary filter and in case of a leak in
the primary filter.

Inertial
Impaction

Filtration and separation
mechanisms

Multi-Stage Air Cleaner

AIR FILTRATION TECHNICAL REFERENCE

Sieving

Air cleaner consisting of two or more stages, the first usually being
a pre-cleaner followed by one or more filters. If two filters are
employed, the first is called the primary filter and the second one is
called the safety or secondary filter.

Gravity

Electrostatics
Secondary

Filtration Mechanisms

Separation Mechanisms

Primary

Primary
Diffusion

Device usually employing inertial
or centrifugal means to remove
a portion of contaminant prior to
reaching the filter.

Shedding

Dust Cake
Formation

Inertial
Impaction

Test Air Flow

Electrostatics

Sieving

Pulse Cleaning

Gravity

Coalescing

Measure of quantity of air drawn through the air cleaner outlet
Electrostatics
per unit time. The flow rate shall be expressed in cubic meters
per
minute or cubic feet per minute (CFM).

Secondary
www.buydonaldson.com

Particle
Bounce
Inertia
Sloughing &

Interception

Pre-cleaner

Secondary

Active Particles

Gravity
Secondary

Particle

Particle
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Filter Media used in Air Filtration
Filter Media
Filtration media represents the central point of any filter design. Mastering this science is a key focus at
Donaldson. While our users may not need to share this same level of understanding, some basics are
always helpful. With the media representations below we hope to educate our customers on some of the
more commonly used media types in this ever changing industry.
Today’s engines are built to more stringent specifications and finer tolerances. Engine components require
cleaner air to achieve better combustion and lower emissions. Your air intake system filter media and
service practices can make the difference between engine power and engine problems.

Cellulose (traditional media)

AIR FILTRATION TECHNICAL REFERENCE

Primary dry filter media
is a cellulose base
material and used in the
majority of our air filter
applications. It is used
primarily in two types of
engine intake systems
— single- or two-stage.
Applications include offroad, on-highway trucks,
buses, and underground
mines.

How it Works

SEM 100x

SEM 600x

Media Image

Ultra-Web® Nanofiber Technology
Ultra-Web® filter media is
composed of a cellulose or a
cellulose/synthetic substrate
with nanofibers applied to
one side. This media provides
a durable filtration solution
in the high temperature
and humid environments
experienced by diesel,
turbine, hybrid, and other
powered engines.
Ultra-Web offers a higher
initial efficiency vs. standard
cellulose, has very high
efficiency throughout a filter’s
life, and provides excellent
engine protection from
sub-micron particulate (e.g.
exhaust soot).
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How it Works

SEM 100x

SEM 600x

Media Image
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Vibration Resistant Media
Vibration resistant filter
media is a cellulose
base material that offers
maximum filtration
protection and withstands
high pulsation/vibration
situations that would
normally destroy other filter
medias.

How it Works

Applications include, but are
not limited to, one, two and
three cylinder engines and
piston compressors.

SEM 100x

SEM 600x

Media Image
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Flame Retardant, UL-approved Media
Flame retardant/UL-approved
filter media is a cellulose base
material specially treated for
use on vehicles operating
in industrial applications
where sparks or flames from
backfiring through the intake
system create a fire hazard.

How it Works

SEM 100x

SEM 600x

Grain elevators and
warehouses are good
examples of UL-approved
filter media applications.

Media Image
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Filter Media used in Air Filtration

Safety Filter Media
Pleated safety filter media is
designed for heavy duty air
cleaner systems with high
velocity airflow and is used in
safety filters — both singleand two-stage air cleaner
systems. The safety filter
protects the intake system
while servicing the primary
filter and in the event the
primary filter is damaged.

How it Works

AIR FILTRATION TECHNICAL REFERENCE

The same media may be
used for ventilation panel
filters to remove dust, chaff
and pollen from air entering
vehicle cabs in construction,
agricultural, industrial and
mining applications.

Non-pleated safety filter
media has a synthetic base.
It is primarily used in light to
medium duty intake system
two-stage air cleaners,
e.g., Donaldson F Series or
Cyclopac™ type air cleaners.
The safety filter protects
the intake system while
servicing the primary filter
and in the event the primary
filter is damaged.

SEM 100x

SEM 600x

Media Image

How it Works

SEM 100x

SEM 600x

Media Image
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Filter Efficiency

Filter Efficiency:

			

Donaldson air filters in Donaldson air cleaner housings have
a 99.9+% minimum overall efficiency. 			

Questions often arise about the micron ratings
and test procedures on air cleaners and
replacement air filters. Typically, air cleaners and
air filters are not assigned a “micron rating.”
Micron rating is a term used in liquid filtration. Air
filters are evaluated for life and efficiency using an
industry-wide standard (ISO 5011). The following
should clarify the questions surrounding this
issue.

Filter efficiency is calculated by determining
the increase in weight of an absolute filter (an
absolute filter captures any dust that passes the
test filter) located downstream of the test filter
versus the weight of the total dust fed.

Fine test dust is used for testing primary dry air cleaners
that are most often used in on-road and automotive
applications, and coarse dust is used for multi-stage air
cleaners that typically use inertial separators and operate
in very dusty applications.
Particle Size
Range

Weight %*
Fine

Coarse

(in microns)

(on-road)

(off-road)

0-5µ
5 - 10 µ
10 - 20 µ
20 - 40 µ
40 - 80 µ
80 - 200 µ

39 %
18 %
16 %
18 %
9%
0%

12 %
12 %
14 %
23 %
30 %
9%

* Percentage of weight can vary by ±2-3 % in each particle
range

AIR FILTRATION TECHNICAL REFERENCE

Filter life is measured in total grams fed or in
hours of lab life and is determined by testing at
a standard test dust concentration of 1 g/m3
(0.028 g/ft3) for single stage air cleaners or 2 g/
m3 (0.056 g/ft3) for multistage units at either
a constant or variable airflow. The end of the
life testing is determined using the restriction
method. When the predetermined restriction
service point is reached, the test is stopped and
the filter is weighed. The amount of test dust held
by the filter is considered the capacity or life of
the filter. The life of an air cleaner requires some
additional consideration. Many air cleaners have
inertial separators included in the housing. These
inertial separators remove up to 98% of the dust
that is fed during one of these tests. Therefore,
the inertial separator efficiency must also be
evaluated.

Table 1 — Particle Size Distribution by Weight %

Table 2 — Common Contaminants and Micron Sizes
Dust
Exhaust Soot
Smog
.01

0.1

Clouds
and Fog

Mist and
Drizzle

1.0
10
100
1,000
Particle Sizes in Microns

Rain
10,000

Table 1 details the particle size distribution of the
standard test dust used for life and efficiency
evaluations (ref. ISO 12103-1).
Table 2 lists common contaminants found in
field environments, as well as their particle size
ranges. Although field conditions vary from one
location to the next and from time to time, this
test allows for a standard means of comparison
and a laboratory method of evaluating air cleaner
life and efficiency.

Reference: FMC TSB 04-03
www.buydonaldson.com
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Filter Cleaning:
Donaldson recommends servicing air filters by monitoring the airflow
restriction levels in the intake system.
Some vehicle owners and maintenance supervisors, concerned with lowering their
operating costs, will clean and reuse their heavy-duty air filters. Before you decide
whether cleaning or washing of air filters is appropriate for your vehicle or fleet, please
consider these factors:
• Heavy-duty air filtration manufacturers do not
recommend any type of cleaning process be used
on their products. Donaldson, like other heavy
duty air filter manufacturers, does not warrant the
air filter once it has been cleaned.
• Filter dirt holding capacity is reduced 20 – 40%
with each cleaning.

AIR FILTRATION TECHNICAL REFERENCE

• Rather than cleaning or reusing filters, consider
upgrading to an extended service filter (i.e.,
Donaldson Endurance™ air filters) and service the
filter by restriction.
• There is a risk of dirt reaching the clean side
of the filter while cleaning, plus possible filter
damage from high pressure water or compressed
air, making cleaning or washing a gamble. Be sure
to add the potential cost or risk of filter damage to
the cost of cleaning when determining the value
of a filter cleaning process.
• Damaged filters should not be cleaned or reused. If a filter is damaged in service, investigate
the source of damage and make corrections to avoid future damage.
• Reusing a cleaned heavy-duty filter increases the likelihood of improper air cleaner servicing
because of the shortened service life. Each time the air intake system is serviced, it is
exposed to the chance of contamination.
• Never attempt to clean a safety filter. Replace it after three primary filter change outs.

Reference: FMC Technical Service Bulletin 89-4R2.
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Safety / Secondary Filter

Switching from a Scheduled
Maintenance Air Filter to an
Extended Service Filter?

What is the Purpose of a
Safety Filter?

Interested in switching your scheduled
maintenance air filter to Donaldson Endurance™
extended service air filter?
Safety filter?

Secondary
element?

•

Use only Donaldson Endurance™ Air Filters

•

Maintain accurate records of current
competitive cellulose media change intervals

•

Keep accurate track of miles driven with
Donaldson Endurance™ air filters and
maintenance records

•

Provide filter for inspection

•

Rely on your filter service indicator to tell you
when to change out your primary filter.

•

Standard Donaldson warranty terms and
conditions apply

Inner filter?
Safety filter . . . Secondary element . . . Inner filter . . .
Spare filter? These filters go by many names . . .

At Donaldson we prefer to call it a “safety” filter
A safety filter backs up the primary (main) filter and
protects the engine while the primary filter is out of the
housing during servicing. The engine should never be
run with only a safety filter in place.

AIR FILTRATION TECHNICAL REFERENCE

The safety is NOT a spare filter! Its purpose is to
protect the engine if something goes wrong with the
primary (main) filter. Until then, it quietly does its job.
Compared to a primary filter, the safety filter is more
open for lower restriction and is less efficient. A safety
filter does not increase the overall operating efficiency
of an air cleaner.
A safety filter is there to protect the engine against
hidden damage to a primary filter — damage from
cleaning, mis-installation, a “will-fit” that doesn’t quite
fit, or the installation of the wrong size filter. A safety
filter is never to be used as a “spare” filter.

Primary or
main filter

Air cleaner
housing

Cover

Safety filter (fits inside the
primary filter)

www.buydonaldson.com
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Installation Guidelines for STB Strata™ System
Installation Guidelines for STB Strata System
Positioning the Strata™
Pre-Cleaner

Scavenge Hose

It is usually best to have the precleaner positioned above the hood
of the vehicle so that cleaner air
(above the dust cloud) can be drawn
into the unit.
• The pre-cleaner section should be
below the exhaust stack. Be careful
NOT to mount the Strata™ precleaning section in such a way that
it draws in exhaust gases from the
exhaust stack.

AIR FILTRATION TECHNICAL REFERENCE

•

If the pre-cleaner cannot be positioned
according to the above guidelines,
consider adding an extension to put the
intake point at a higher level.
• The extension should be added
above the Strata tube section, below
the inlet hood.
• Do NOT mount the Strata precleaner on top of the extension
as its weight would make the
arrangement top heavy and
unstable.

The scavenge line between the air
cleaner and the exhaust ejector should
be kept as short and as straight as
possible. The ideal scavenge hose
length for a Strata system is under five
feet and should never be longer than
10 feet.
Minimize bends and be sure that
the hose is supported properly.
(Unsupported lengths of hose should
not exceed five feet.) Bend radii of the
hose should not be less than 15 inches.
Minimize the number of 90° bends —
preferably two or fewer.
Donaldson recommends three-ply
silicone hose for the scavenge line.
All Donaldson hose is supplied in 3-foot
lengths (do not use flexible metal nor
rigid tubing).
STB
Model
B160071

Scavenge
Outlet OD

Hose
Part No

Hose
ID

2.0"

P171381

2.0"

Connecting Scavenge Hose
to Pre-cleaner
A check valve is built into the Strata
Pre-cleaner. Connect the scavenge
hose directly to the outlet tube with a
clamp. A Donaldson lined hose clamp is
recommended (see Intake Accessories
section).

Connecting Hose to Ejector
When connecting the scavenge hose
to the exhaust ejector, leave 2" (52 mm)
between the end of the hose and the
body of the ejector.

Exhaust Ejectors
See the accessories section for details
on our exhaust ejector product offering.
Do not add or create any additional
back pressure downstream (e.g., at
the exhaust outlet) of the Strata precleaner. Doing so may cause exhaust
back flow to the pre-cleaner.
Examples of what NOT to do: mount a
spark arrestor on top of the ejector, or
operate with a stuck or frozen rain cap
on the exhaust ejector.

How the Strata™ System Works
Pre-cleaned
“dirty” air
out through
exhaust
ejector
STB Inlet

Pre-cleaning via
Strata Tubes

Clean Air To
the Engine

Check valve prevents
reverse airflow
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Note: Scavenge Hose, Exhaust Ejectors,
Clamps Sold Separately
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Frequently Asked Questions
Q: Why am I experiencing short air filter
life?

A: The amount of dirt an air filter can hold before servicing
depends on many variables. The environment must be
considered (severe dust, soot, and moisture) as it is crucial
to know how much contaminant reaches the filter. This
depends on the severity of the environment and whether
the air cleaner is a one- or two-stage design. Another factor
is the size of the air cleaner and filter relative to the airflow
requirement. How long a filter lasts is largely a function of the
Original Equipment Manufacturer’s intake design.

Q: Can you judge air filter service life by
visual inspection?
A: Visual inspection is not a recommended method for
determining an air filter’s service condition. Measuring intake
system restriction is the most reliable determination of
filter life. Service by restriction allows the filter to remain in
service until the maximum allowable restriction limit for the
application is reached. Various restriction indicating devices
are available for this purpose.
Reference FMC TSB 89-3R3 for further details.

Reference FMC TSB 89-3R3 and 06-2 for further details.

Q: What is the micron rating of my air
filter?
A: Typically, air cleaners and air filters are not assigned
a “micron rating.” Micron rating is a term used in liquid
filtration. Air filters are evaluated for efficiency using an
industry-wide standard ISO 5011. Efficiency is the percentage
of contaminant that a filter removes from the intake air
relative to its capacity.

Q: Can I replace my axial seal filter with the
new RadialSeal™ design?
A: Axial seal and RadialSeal air filters are designed to seal
differently. “Radial” sealing design filters cannot be fitted into
a housing design for axial sealing replacement filters without
the use of a conversion kit.
Reference FMC TSB 97-3R2 for further details.

Reference FMC TSB 04-3 for further details.

Q: What do inches or millimeters of H2O
have to do with an air cleaner?

Reference FMC TSB 89-3R3 for further details.

Q: Why do some air filters require U.L.
approval?
A: Some engine air filters utilize flame retardant filter media
to meet UL safety requirements. The U.L. rating covers
fire safety and backfire resistance aspects of industrial
trucks with internal-combustion engines, such as tractors,
platform-lift trucks, fork-lift trucks, and other specialized
vehicles for industrial use. These requirements do not cover
other possible safety aspects of such equipment. Additional
information can be found in UL 558 specification.

RadialSeal™ Technology

RadialSeal filters slip easily on
and off the outlet tube during
installation and service. This
design eliminated the separate
gaskets used with metal endcap
filters.

Axial Seal

Axial seal style filter has
a metal endcap with an
attached gasket. This
design requires housing
cover pressure on a
gasket to create the
critical seal.

Q: Can heavy duty air filters be cleaned or
reused?
A: Most heavy duty air filter manufacturers do not
recommend any type of cleaning process to be used on their
products. Furthermore, they do not warrant their product
once it has been cleaned.
Donaldson does not recommend cleaning filters. Cleaning a
filter in any way, will void the filter warranty.
Reference FMC TSB 89-4R2 for further details.

www.buydonaldson.com
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A: In an intake filtration system the resistance to airflow is
called restriction. Restriction is typically measured in units
called inches or millimeters of H2O vacuum, and is defined as
the difference in static pressure between the atmosphere and
the outlet side of the system being measured. The higher the
restriction the harder an engine has to work to obtain clean
air for combustion. Engine manufacturers specify a restriction
level at which the air filter should be serviced.

Technical Reference
Frequently Asked Questions
Q: Will more frequent servicing of my air
cleaner extend my engines life?
A: Just the opposite, over-servicing will cause increased
service cost, time and material and dust contamination of the
engine due to:
1. Filter damage, due to excessive handling,
2. Improper installation of filter,
3. Increased initial inefficiencies.
Reference FMC TSB 89-3R3 for further details.

Q: What is a scavenged intake system?
A: Some intake system pre-cleaners are inertial separating
devices that require a scavenge flow of air to function
properly. The scavenge flow is required to expel the inertially
separated dust particles from the pre-cleaner assembly.
Scavenge flow is typically provided by a vacuum from an
exhaust ejector that may be designed in as a function of the
exhaust system muffler or as an add-on exhaust ejector stack.
Scavenged systems are typically specified on severe-duty
applications to increase airflow and extend primary filter life.

AIR FILTRATION TECHNICAL REFERENCE

Q: What’s the best type of pre-cleaner for a
given application?
A: Intake system pre-cleaners are typically inertial separating
devices intended to work in conjunction with the air cleaner
to clean intake air prior to the final filtration stage provided
by the filter. Separating some of the contamination from the
intake air prior to reaching the filter provides an increase in
filter service life. The type of pre-cleaner recommended for
an application typically will depend on the severity of the
environment. To maximize filter service life, choose the precleaner design that provides the best efficiency within space
and weight limits of the application.

Q: When should I service an air filter?
A: The filter in any air cleaner should be serviced when the
maximum allowable restriction, established by the engine
manufacturer, has been reached. The filter should not be
serviced on the basis of visual observation because this will
generally lead to over-servicing.
Over-servicing will cause increased service cost, both time
and material, and may cause dust contamination of the
engine due to:
1. Filter damage from excessive handling,
2. Increased chance of improper installation of
filter,
3. Increased initial inefficiencies.

232

• Engine Air Filtration

Achieving Maximum Air Filter Efficiency
The efficiency of an air filter increases as it is used. As soon
as the air filter is put into operation, it begins to remove
harmful dust particles. As these particles accumulate
throughout the filter media, the microscopic openings in the
media become obstructed. This on-going reduction in the size
of the openings helps the filter stop increasingly finer dust
particles, thus resulting in a more efficient filter. As the filter
continues to plug with contamination, the restriction to air
flow will increase. Most engine manufacturers establish a
maximum degree of vacuum in the air induction system that
the engine can tolerate and still operate efficiently.

Measuring Restriction in Air Cleaners
As a dry air cleaner filter becomes loaded with dust, the
vacuum on the “engine side” of the air cleaner (at the air
cleaner outlet) increases. This vacuum is generally measured
as restriction in "H2O or Kpa.
The engine manufacturer often places a maximum allowable
limit on the amount of restriction the engine can withstand
without loss of performance before the filter must be
serviced.
Mechanical gauges, warning devices, indicators, and water
manometers are available to inform the operator when the air
cleaner restriction reaches this recommendation limit. These
gauges and devices are generally reliable, but the water
manometer is the most accurate and dependable.
To use the manometer, hold
vertically and fill both legs
approximately half full with
water. One of the upper
ends is connected to the
restriction tap on the outlet
side of the air cleaner by
means of a flexible hose.
The other end is left open
to atmosphere. With the
manometer held vertically
and the engine drawing
maximum air, the difference
in the height of the water
columns in the two legs —
measured in inches — is the
air cleaner restriction.
A restriction indicator’s
“lock-up” restriction level is
generally marked on the indicator itself. A quick method to
check a visual indicator is to remove it, wipe the base clean,
then suck on the indicator with your mouth. If the indicator
locks up, it is operational, if not, replace indicator. A more
accurate method is to check the calibration against a water
manometer.
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Frequently Asked Questions
Q: Why Service?
A: Proper air cleaner servicing will result in maximum engine
protection against the ravages of dust. Proper servicing can
also save you time and money by increasing filter life and
efficiency.
Two of the most common servicing problems are:

1) Over-servicing — new filters increase in efficiency as
dust builds up on the media. DON´T BE FOOLED by filter
appearance, it should look dirty. By using proper filter
restriction measurement tools you will use the full life of the
filter at maximum efficiency.
2) Improper servicing — your engine is highly vulnerable to
abrasive dust contaminants during the servicing process. The
most common cause of engine damage is due to careless
servicing procedures. By following the steps shown in this
catalog, you can avoid unnecessary dust contamination to the
engine.

Q: Why Would a Heavy-Duty Diesel
Engine Air Filter Collapse

Collapse of a heavy-duty air filter is defined as a permanent
deformation of the unit after airflow is removed. This occurs
when the pressure drop across the filter exceeds the design
limit of the device. Because of the safety factors built-in
when the filter is engineered, this is an unusual event and is
normally preventable.
A common cause of filter collapse is not paying attention to
the service point recommended by the engine manufacturer.
Diesel engines typically have an intake filter service point of
20-30" H2O (5-7.5 kPa), depending on the manufacturer. As
stated above, exceeding this by an incremental amount won’t
cause the filter to collapse, as they are designed to withstand

Another possibility of filter collapse is sub-standard filter
construction or remanufacture. Generally, obtaining air filters
from a reputable manufacturer will avoid this issue. Quality
heavy-duty air filters are made with materials that can
withstand high levels of pressure drop and resist collapse,
while sub-standard filters may not. It is also important to
inspect all filters before installation. Dented liners or end caps
may result in a loss of structural integrity and filter collapse.
Damage may be present but not very visible. If the filter
shows any sign of damage, don’t use it. This is especially
critical when using cleaned filters. Couple the possibility of
damaged filters with weakened media (if it were washed or
cleaned with too high of a pressure) and the filter may have
a much lower resistance to collapse. Operating conditions
should be considered as well. For example, high levels
of soot (generally from diesel engine exhaust) can plug
an air filter rapidly, which may shorten the life of a filter
dramatically. If a restriction indicating device isn’t monitored
closely, an extremely high pressure drop across the filter
could occur, which could cause it to collapse. If high levels of
soot are experienced, the cause of the ingestion should be
investigated and, if possible, corrected. These include (but are
not limited to) proximity of the intake to the exhaust; exhaust
leaks near the air intake; vehicles operating or idling in close
quarters; and operating in certain areas where exhaust
concentrations are high.
Extremely high levels of water ingestion can be a concern,
too. Although most filters can take a certain amount of
moisture with no problems, large amounts of water can
weaken and plug the filter media long enough to cause
collapse. However, this is an unusual situation because most
vehicles that are likely to be used in these types of conditions
have a water separation device installed. One possibile cause
of excessive water ingestion not often accounted for is the
introduction of high levels of moisture during the washing of
the vehicle. The best practice is to ensure the engine is not
operating during washing and water is not sprayed directly
into the engine air intake.
In summary, following the engine manufacturer’s service
recommendations, using quality undamaged products and
using a restriction indicating device are the best practices
to prevent air filter collapse. If a filter collapse occurs, it is
important to ascertain whether lack of maintenance caused
the problem or if the vehicle is used in conditions that
dramatically shorten filter life, and then take corrective action
to keep it from happening again.
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A: Most reputable filter manufacturers design their air filters
to operate well beyond the recommended engine intake
restriction service points. In fact, there is usually a safety
factor of at least 2 – 3 times over the stated service point.
However, there are circumstances when filter collapse can
take place. When an engine is operating with a collapsed
filter, there is a good chance that unfiltered air is getting to
it, which could result in costly repairs. Most of the time poor
maintenance is the cause, but there are some operating
conditions to consider as well.

a much higher level of restriction. However, because filters
tend to load very quickly after a certain point, not servicing
them soon after the maximum allowable restriction is reached
(as recommended by the engine manufacturer) can end up
causing a very high level of pressure drop across the filter,
and may result in a collapse condition. The best way to avoid
this is to install and monitor a restriction measuring device
(gauge, pop-up indicator or dash light), and replace the filter
when it indicates the service point has been reached.
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Off-road PowerCore® Case Study — Australia

Off-Road Case Study

PowerCore® Air Cleaner
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Despite heavy concentrations of dust and soot, the Donaldson PowerCore® Air Cleaner
helped keep a dozer in the field when it was most needed.

Frank Keath (right) with son Colin stand
with the Fiat FD14E Dozer.
As respected members of the Country Fire
Association (CFA) Frank Keath of Keaths
Excavations along with sons Colin, Andrew
and Graham and the company’s service
mechanic Andrew, were at the forefront
of beating back bush fires that recently
threatened properties around Eildon and
neighbouring Marysville. At the height of
the bushfires, Keaths Excavations deployed
each of their units including three Hitachi
Excavators, two Fiat Dozers, a Caterpillar
Grader, a Cat Excavator and two smaller
Backhoes to help build firebreaks and
retainers.
Frank recalls that the conditions at the height
of the fires in the Marysville area were “the
most extreme conditions I have ever faced”
with the air full of engine-arresting dust and
soot.
“The soot was like thick layers of Talcum
powder,” he says.
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Despite these conditions, Frank praises
the recently fitted Donaldson D100031
PowerCore® Air Cleaner as helping keep his
equipment in the field when it was needed
the most.
Given that it can take less than half a cup of
dust to destroy an engine, having an efficient
air filtration system is a necessity in hot and
dusty conditions. In such conditions, the
engine’s ability to breathe and provide optimal
performance can be compromised.

The D100031 PowerCore air cleaner.

In Frank’s experience with the PowerCore
unit, he found that the PowerCore filter lasted
substantially longer than other units with
which he has had experience.
“The PowerCore achieved 150 hours in the
field. That may seem quite small but due to
the extreme nature of the conditions and
the sheer amount of smoke, dust and soot
in the air, the PowerCore unit far outlasted
traditional filters which struggled to provide
50 hours worth of life,” says Frank.
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Off-road PowerCore® Case Study — Australia
The Dozer at work (above and below) during
the clean up of the Marysville area. The dirt
and soot left in the aftermath can badly
affect engine performance.

The PowerCore unit was fitted to a Fiat FD14E Dozer after
consultation with Hitachi Aftermarket Parts Specialist George Calyk
and Donaldson Austrailian Territory Manager, Tony Cooper.
Keaths Excavations fitted the unit themselves at their newly opened
service workshop at Yarck. The unit was mounted vertically in the
Dozer’s engine housing. The Keaths Excavations team chose to
install an aluminum reflector plate between the engine and the
PowerCore unit to protect the unit from any radiant heat from the
engine. Servicing the PowerCore unit is straightforward as the four
retaining clips on top of the unit remain accessible and away from
heat allowing for easy removal of the PowerCore filter.

10” PowerCore units are available
as horizontal or vertical mount

www.buydonaldson.com

PSD PowerCore air cleaner line
was designed with the idea
that most newer machinery has
less available space under the
engine cowling or hood than
older equipment. By combining
compact sizing with multiple
options for mounting the unit
horizontally or vertically, the
PSD product offering becomes
a perfect retrofit solution for
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PowerCore filters feature a patented technology that provides
maximum filter efficiency with contaminant holding capacity
greater than that of traditional cellulose filters. PowerCore filters
are also available with Donaldson’s patented nanofiber Ultra-Web®
technology which provides even greater performance and protection.
The performance abilities of the filter media are augmented by the
design of the PowerCore unit itself which features a unique, built-in,
pre-cleaning section that removes up to 98.9% of heavy contaminant
before it hits the filter. This makes the PowerCore unit the perfect
solution for high dust environments or environments where fine
contaminant can pose a risk to engine performance.

equipment that needs to be in peak performance over extended
periods.
In Frank Keath’s opinion, the PowerCore unit more than did its job
and he remains impressed with the performance of the unit as the
clean up in the Marysville area continues. When not fighting fires,
you’ll find Frank, Colin, Graham, and the two Andrews of Keaths
Excavations, a Hitachi Dealership, at their service centre on the
Maroondah Highway, Yarck, Victoria. Keaths Excavations specialize
in providing earthmoving, landscaping, construction and excavation
equipment and associated services including off road vehicle
maintenance for a wide range of heavy-duty equipment. The team
can be contacted on (03) 5773 4242.

PowerCore aftermarket filters are quick to
replace making service a breeze.

Donaldson Company, Inc.
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Mexico
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Methods for Diesel Engine Air Intake and
Filtration System Size Reductions
Dan Adamek, Director-Engine Air Filtration Development
September, 2008

TECHNICAL BULLETIN
Current Situation
These air intake system pressure losses
have long been considered during vehicle
and component design to minimize the
performance and fuel efficiency penalty
that these restrictions incur. Although fuel
efficiency changes due to diesel engine
intake restriction changes appear small
on a percentage basis (<1%ii), the annual
additional fuel usage with a sub-optimal air
filter can easily exceed the original purchase
price of the filter. With continued increases
in fuel costs, efforts to squeeze additional
fuel economy out of vehicles have resulted in
additional time and expenses being allotted
to lowering these intake losses. These fuel
savings also translate into reduced CO2
emissions. In addition to benefiting our
environment, CO2 reductions will result in
additional financial benefits in regions where
taxation is based on vehicles emissions.

Many factors are affecting the changing
demands on diesel engine air intake systems.
One of the most prominent changes in the
market is the various emissions standards
being adopted around the world (Fig. 1).
These new requirements not only increase
the space consumed by advanced emission
components, but also impact other vehicle
parameters. For example, current and
future diesel engine designs are placing
more emphasis on lower restrictions in the
air intake system, as higher restrictions can
increase the emission levels being measured
in the engine exhaust.i

EPA On-Road

2016

2015

Tier 4/Stage IV
Off-Road

2014

2013

Euro VI

2011

Euro V

2010

Tier 4/Stage III
Off-Road

2009

Japan

2008

2007

2006

2005

EPA On-Road

Many manufacturers are placing more
emphasis on safety, and improved visibility
for the vehicle operator is one part of those
efforts. This has resulted, in some cases, in
the lowering of engine compartment hoods
in order to improve the operators’ sightlines.
The effect of lowering the vehicles’ engine
compartment hoods has been an additional
reduction in space for components such as
the air intake systems.

2012
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Innovative vehicle designs and increased
environmental awareness call for new
engineering solutions for on-road and offroad vehicle components. Diesel engine
air intake suppliers are facing increasing
challenges as vehicle manufacturers demand
higher performance in a smaller volume
while minimizing life-cycle costs. This
paper will discuss the market drivers behind
these changes, air filtration solutions that
have worked in the past, and a new filter
technology that promises to better meet these
increasing challenges.

Figure 1. Diesel Engine Emission Regulation Target Dates
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These market drivers are challenging air intake system
providers to deliver products that simultaneously
improve multiple system properties that have
historically been engineering trade-offs.

to achieve simultaneous improvement in multiple
parameters. These technology advancements can take
several forms, from simply improving via design and
materials expertise, to the utilization of advanced tools
such as computation fluid dynamics (CFD), to the
development of breakthrough configurations (Fig. 3).

Performance Levels

In the search to improve the value provided by vehicle
components, air intake system life cycle costs continue
to be examined. This can often take the form of either
increasing the air filter’s life at equal cost, or reducing
the air filter cost at equivalent life. In some cases,
customers are looking for ways to reconfigure the air
intake system layout to reduce cost. In on-highway
trucks for example, behind the cab air intake systems
have been typical for some regions because of the under
hood space constraints. Size reductions in the system
can allow for alternate configuration such as a frontal
intake system. This can shorten the ductwork thereby
reducing costs and also utilize the engine compartment
to mitigate noise transmission through the inlet.

fully Optimized
configuration
Improvement via Advanced Tools
(cfD, feA, etc.)

Engineering Approach

Time

Figure 3. Typical performance advancement means
and rates
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Design of diesel engine air intake systems requires the
integration of many technologies and the balancing of
many factors. Figure 2 is a simple graphic illustrating
how the primary value measurements of a system can be
affected by design changes in other system properties.

Improvement via Design and Materials expertise

Other system requirements need to be addressed during
the design process as well, and can include items such
as noise attenuation, elevated temperature operation,
chemical resistance, durability under vibration and
shock, and many others.
The ability of a supplier to satisfy these diverse air
intake system requirements is perhaps most determined
by the design and performance of the air filter. The
air filter removes contaminant from the air in order to
protect the engine from damaging wear. Engine wear
rates have been calculated to decrease by a factor of
10 when high efficiency air filters are used in place of
standard efficiency filters.iii

Figure 2. Air Filter Primary Design Tradeoff
Relationships
At a given technology level, each property can be
improved through compromises in another property.
For example, size can be reduced by reducing filter
efficiency, reducing filter life, or increasing filter
pressure loss. Advancements in technology are required

2

High efficiency levels have been achieved through the
optimization of the fibrous structure of the filter media.
The use of nanofibers on the media surface (Fig. 4)
has allowed the thickness and density of the media
to be reduced thereby decreasing the pressure losses
through the media and the amount of material used.
These nanofibers also show very high initial efficiency
compared to standard cellulose media which only
achieves its targeted efficiency level after it has built up
a sufficient dust cake on its surface.

Methods for Diesel Engine Air Intake & Filtration System Size Reductions
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A breakthrough alternative to cylindrical filters for
diesel engine air intake systems was introduced in the
1990’s. Donaldson’s PowerCore filter demonstrates
an axial flow arrangement that allows the airflow
to pass straight through the filter without the 90º
change in direction that is required for cylindrical filter
configurations. This simplified airflow path decreases
the potential pressure losses within the air intake
system.

AIR FILTRATION TECHNICAL REFERENCE

Figure 4. Scanning Electron Microscope photograph of
Donaldson’s Ultra-Web® nanofiber filter technology
The build-up of contaminant on the filter media causes
pressure losses to increase over time, until it reaches
a magnitude which is determined to be the maximum
allowable by the engine. This filter life is desired to
be as long as possible to minimize the cost of filter
replacement. The ability of an air filter to load slowly,
that is have low pressure loss for an extended period
of time, is also important because the longer an engine
operates at low restriction, the lower the average fuel
consumption that can be achieved.

Figure 6. Schematic representation of airflow through
axial flow PowerCore air filter

Product Solutions
Cylindrical filters have been the technology of choice
in the past. The radial seal version of this type of filter
was an advancement that occurred in the 1980’s that
enabled the transition from metal air cleaner housings
to polymeric housings, thereby greatly reducing product
costs and improving product quality.
Figure 7. Example of an axial flow PowerCore intake
system.

Figure 5. Conventional filters (axial and radial seal).
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Normalized Dust
Holding Capacity

350%
300%
250%
200%
150%
100%
50%
0%
Conventional PowerCore
Cylindrical

PowerCore
G2

One challenge in air filter design and particularly in
axial style filters is the effort to minimize the media
area that is unutilized or underutilized due to masking.
PowerCore G2 reduces media masking when compared
to previous axial flow air filters. Because increases in
effective media area decrease the velocity though media,
it has the dual effect of decreasing the pressure loss
across the media and reducing the loading per unit area.
Therefore, the increase in life is higher (Fig. 9) than the
increase in effective media area.

120%
100%
80%
60%
40%
20%
0%
PowerCore

PowerCore G2

Figure 10. Normalized total media area for equal size
air filters. Performance may vary with geometry and
operating conditions.
Channel pressure losses can be lowered through
increasing the air filter's channel size. This also
decreases the amount of media, however, so the
application requirements need to be factored into the
choice of channel size.
Increases in channel space can also be obtained by
utilizing thin filter media. Nanofiber laminates allow for
thinner media because particulate efficiency increases as
media fiber size decreases.
The effect of these changes and others on filtration
performance has been theoretically modeled using
fluid mechanics and advanced filtration theory. The
use of advanced modeling tools has allowed optimal
configurations to be determined by comparison of
the performance of millions of unique axial flow
filter configurations. Prototypes of these selected
configurations have been tested and validated against
the theoretical model. Figure 11 shows an example
of the restriction increase versus dust loading of an
advanced axial flow filter and a previously available
axial flow filter.

140%
Normalized Effective
Media Area Percentage

140%
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Figure 8. Normalized ISO fine dust capacity for equal
sized air filters. Performance may vary with geometry
and operating conditions.

Additionally, PowerCore G2 has been designed to allow
for increased total media area to be packaged into a
filter through a unique media forming process. This
can lead to increased filter life when combined with the
correct filter channel configurations. (Fig. 10)

Normalized Total Media Area

While axial flow style air filters have proven their
value to vehicle manufactures, very recent advances
in this style of filter have achieved even higher levels
of performance. PowerCore G2 is an advanced, next
generation axial flow filter that has optimized the
internal configuration of the filter such that every
geometric feature within the filter has been reconfigured
to reduce pressure losses and increase filter life (Fig. 8).

120%
100%
80%
60%
40%
20%
0%
PowerCore

PowerCore G2

Figure 9. Normalized effective media area as a
percentage of total air filter media area. Performance
may vary with geometry and operating conditions.
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Figure 11. Example ISO Fine Dust Loading for Equal
Size Element at Constant Flow rate. Performance may
vary with geometry and operating conditions.
While this example illustrates achieving improved life
for a constant volume, it would be a straightforward
matter to provide an air filter with equal life, but
smaller volume utilizing these technology advancements.
Another benefit that can be seen in Figure 11 is that
PowerCore G2 can provide a lower pressure loss
throughout the loading period. This lower weighted
average pressure loss translates into potential increased
fuel efficiency and a more desirable condition for
emission performance. However, in applications where
initial pressure loss is less of a concern, even greater air
filter life than shown in Figure 11 may be obtained with
PowerCore G2.
PowerCore G2 has been developed as a family of
air filtration solutions. By varying the parameters
described above, greater performance can be achieved
and therefore greater value can be provided to diesel
engine and vehicle manufacturers. This technology
breakthrough has allowed for simultaneous
improvement in multiple system properties such
as restriction, size, and life, and provides a variety
of configuration choices in order to best match
performance to customer needs.

6

PowerCore G2

5

PowerCore
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Figure 12. Relative air filter volume versus life.
Performance may vary with geometry and operating
conditions.

Figure 13. Photographic comparison of equivalent
performance air filters of varying technology level.

RefeRences

Continued demand for further reductions in air intake
system size and restriction has resulted in innovative
solutions such as PowerCore G2. For given filter life and
efficiency targets, the PowerCore G2 configurations can
result in a 30% reduction in size from previous axial
flow filters and a 60% reduction in size from cylindrical
filters (Figures 12 and 13). Additionally, improvements
in restriction and air filter life are now possible with
PowerCore G2.
• Engine Air Filtration
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i Jaaskelainen, Hannu, “Emission Effect of Engine Faults and
Service”, www.dieselnet.com/tech/emi_fault.html.
ii Deierlein, Bob, “Managing Fuel Consumption”, Fleet Equipment,
Dec. 2001.
iii Barris, Marty A., “Total Filtration™: The Influence of Filter
Selection on Engine Wear, Emissions, and Performance”, SAE
952557, SAE Fuels and Lubricants Meeting & Exposition, October
16-19, 1995.
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Spiracle™ Crankcase
Filtration Technology
Author:

For more than 30 years, a focus on environmental air

Veli Kalayci
Spiracle™ Systems Team Leader

improvement has led original equipment manufacturers
(OEMs) to require their manufacturing business partners
to design filtration systems that reduce the amount of
crankcase blow-by aerosols vented into the atmosphere
from diesel engines. This push to reduce diesel emissions
and other particulate matter (PM) contaminants from the
atmosphere began in the 1970s with the passing of the
U.S. Environmental Protection Agency (EPA) Clean Air Act,
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which regulated on-road diesel emissions and was later
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amended, in 1990, to include regulations for off-road diesel
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vehicles. These standards set maximum allowable levels of
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emissions for new diesel engines and diesel fuel that have
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been incrementally reducing emissions levels since 1988.
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blow-by aerosols started to become an increasing
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contributor in total engine emissions. Figure 1 shows the
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increasing relative contribution of crankcase emissions for
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on-road engines through 2007.
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As these regulations evolved in the U.S. and around the
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world, Donaldson Company, a leading manufacturer
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of air and liquid filtration systems and replacement
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parts, led the industry in the development of crankcase
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filtration technologies with the Spiracle™ Crankcase
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Filtration Systems (CFS). The engineering advancements
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Crankcase%emissions
levels in diesel engines
have remained relatively low compared to
tailpipe emissions until 2006. On newer engines,
as emissions from tailpipes reduce, crankcase
emissions become a greater share of total
allowable particulate matter (PM) emissions.
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of Spiracle™ CFS have continually been used to help
meet the EPA’s stringent regulatory
requirements by providing high
efficiency filtration solutions to OEMs
and fleet operators around the world.
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Crankcase ventilation filtration systems
are designed to be either "open" or
"closed" systems.
Open crankcase ventilation filtration
systems (OCV) filter engine aerosols,
including oil and soot, along with any
bulk oil coming out of the valve cover or
crankcase vent and discharges filtered
air into the atmosphere.

AIR FILTRATION TECHNICAL REFERENCE

In closed crankcase ventilation filtration
systems (CCV), crankcase blow-by
aerosols, including oil and soot, are
filtered and the filtered crankcase flow
is directed back to the intake manifold
or to the turbo compressor. Using high
efficiency closed crankcase filtration
systems, the performance of intake
filters, turbochargers, aftercoolers
and exhaust system components can
be maintained over extended engine
usage.
Crankcase Emissions from Diesel
Engines and Emission Control
Crankcase emissions are created
during the combustion process of
reciprocating engines. The primary
source of crankcase emissions are
combustion gases and particulate
matter (PM) that escape past the piston
rings and enter the crankcase. Other
sources of crankcase emissions include
turbocharger shaft seal leaks, valve
guides and general movement of parts.
These "blow-by" gases must be vented
through a tube into the atmosphere
to avoid pressurizing and damaging
components of the engine. After
mixing with oil mists in the crankcase,
the gases, PM, and oil aerosols either
coalesce and drop out of the vent
tube onto the ground, or enter into the
atmosphere as pollutants.

distribution. Just as important, the crankcase emissions can vary
depending on the engine design especially the tolerances, materials,
turbocharger, wear factors and operating conditions can impact the
amount of blow-by escaping past the piston rings.
Donaldson has developed engine blow-by characterization methods
and tools as part of its standard range of capabilities for crankcase
filtration technology and product development. One such piece
of equipment is a mobile blow-by characterization system that
Donaldson uses to measure the blow-by output of diesel engines. The
test bench can quantify the gravimetric and fractional content of the
blow-by mass output, volumetric flow rate, pressure and temperature
at different engine operating conditions.

Figure 2
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1.2E+07

OEM No. 2
Idle
Rated Speed
Road

1.0E+07
8.0E+06
6.0E+06
4.0E+06
2.0E+06
0.0E+00
0.02

0.03

0.04

0.070

.15

0.26

0.43

0.731

.17

1.86

2.94

Particle Size (µm)

Figure 3

peAk engine torque CompArison with And without
spirACle™ FiltrAtion system

Crankcase emissions vary greatly
depending on a number of factors.
Engine rating, displacement, engine
operating conditions such as load,
speed and the age of the engine all
influence the blow-by volumetric flow
rate, mass output rate and particle size
2
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The mobile blow-by characterization system allows Donaldson to
quantitatively assess their customers’ crankcase emissions under
dynamic conditions (Fig. 2 and Fig. 3) from their diesel engines and
tailor filtration systems to address these needs. This cutting-edge
technology allows Donaldson a unique capability in the industry and
provides the benefit of custom designed products to fit customer
needs.
It is imperative that crankcase filtration manufacturers develop
products that can handle crankcase emissions that vary significantly
over the operating range and life of the engine. In addition, these
systems must be designed to operate in the extreme conditions for
temperature, shock, and vibration – typical of medium- and heavyduty applications.
Spiracle™ Filtration Technology

Figure 4

spirACle system on A
sChool bus

As part of California ARB and US EPA
emissions retrofit programs, over 16,000
units have been installed on school
buses and trucks across the U.S.

Crankcase filtration manufacturers
are challenged to tailor their products
to meet a host of manufacturers’ applications with differing size,
efficiency, pressure loss, and life requirements while delivering high
efficiency filtration and reliability.

With the introduction of Donaldson Synteq XP™, a revolutionary,
patented filter media, Donaldson engineered the Spiracle CFS
creating new open and closed crankcase filtration systems solutions.

Larger particles, typically from 1 to 10
microns are efficiently separated by
interception and inertial impaction. Submicron particles, often the most harmful
for compressor blades, are efficiently
separated by diffusion. Donaldson’s
Synteq XP media is specifically designed
to combine interception, inertial
impaction and diffusion, thereby offering
high efficiency for all particle sizes (see
Fig. 5).
After the oil mist particles are captured,
they are coalesced into larger droplets
and drained from the media. The
drainage within the media pack is also
optimized. Pressure drop across the
self-draining filter is kept low and stable
over time, and no engine downtime is
required to drain the oil out of the media
pack.

AIR FILTRATION TECHNICAL REFERENCE

Donaldson has a long track record
of success with its Spiracle CFS
technology. In an effort to meet EPA’s
continued mandates and realizing the
health benefits to passengers(1), school
bus fleet owners have installed a
Spiracle CFS combined with a second
emissions reduction technology; i.e.,
Diesel Oxidation Catalysts (DOC),
Diesel Particulate Filters (DPF) or a
Diesel Multi-stage Filters (DMF). The
combination creates a retrofit solution
that delivers maximum emission
reduction both inside and outside the
bus.

The precise dimensions, shapes and
innovative fiber bonding of the
Synteq XP media provide the ideal
solution for the challenge of balancing
high efficiency and low pressure drop,
and increased filter life.

The large pore size of Synteq XP media
(Fig. 6) reduces the pressure drop
across the filter. Multiple layers of the
media allows custom design flexibility
for a wide range of filtration efficiencies
and field life depending on the needs
and requirements of OEMs.
Figure 6

sCAnning eleCtron
miCrogrAphs oF
synteq Xp™ mediA @ 200X

Figure 5

pArtiCle sizes And FiltrAtion prinCipAls
Synteq XP ™
Close-up of Synteq XP media (clean)

Close-up of Synteq XP media after 1200 hours of field
use. The open areas that are free of contaminant
offer additional filter service life.

3
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One of the unique
features of Synteq XP
filtration technology is
its exceptional ability
to coalesce oil and
then drain.

Filter oil line CompArison
AFter 16 hours
Steady State Oil Line Height Comparison
after 16 hours
Oil soaked area
is blocked or
plugged media

Competitive filter
drain line

Benefits of Spiracle CFS with
Synteq XP Media include:
¡ Lower operating pressure drop

synteq Xp filter
drain line
Competitive
filter

synteq Xp
filter

Better oil drainage means less pressure drop,
improved efficiency and filter life.

Synteq XP media in combination with a Spiracle housing for
OCV or CCV applications allows increased engineering design
flexibility (see Fig. 8) for custom fit solutions. This design
flexibility translates into improved serviceability including
mounting location and direction and aligning the filter service
interval with other maintenance intervals to reduce downtime
and maintenance costs.
Figure 8

CrAnkCAse FiltrAtion perFormAnCe design
FleXibility with synteq Xp mediA
100
90
80
70
60
50
40
30
20
10
0
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A Better Product and Technology
to Control Diesel Engine
Crankcase Emissions
Donaldson Spiracle CFS is a serviceable
unit. Its benefits include lower cost,
higher efficiency, and reliability over a
wide range of engine conditions and
longer filter life creating less demand on
the diesel engine.

Synteq XP media offers great flexibility to Donaldson engineers
in customizing crankcase solutions. Spiracle CFS can be
developed to any target gravimetric and fractional efficiency
depending on the requirements of the customer and the diesel
engine crankcase blow-by characteristics. This media technology
offers the best combination of high efficiency with low pressure
drop.

Gravimetric Efficiency %

AIR FILTRATION TECHNICAL REFERENCE

Oil that is held in the
filter will increase
pressure drop and
reduce efficiency,
resulting in shorter
filter life. In Fig. 7,
there is no wet line
on the Spiracle filter
shown on the right
after 16 hours of
operation. Better
drainage means
less pressure drop,
better efficiency and
improved life.

Figure 7

¡ Continuous oil drainage even at
low pressure differentials
¡ Higher gravimetric and fractional
efficiency including the sub-micron
particle size range
¡ Longer filter life compared to
traditional media

Donaldson Synteq XP media provides
continuous drainage at low pressure
differentials. Just as importantly, a
Spiracle CFS provides high gravimetric
efficiency at broad flow ranges in a
dynamic engine operating environment
where consistency is required no
matter the duty cycle of the engine.
The Spiracle CFS also provides high
fractional efficiency on sub-micron
particles. Sub-micron particles along
with larger aerosol contaminants
contribute to wear and damage to the
air intake system components on diesel
engines. Typical manifestation of such
damage is wear on compressor blades
and the housing of the turbocharger
system, or a reduction in aftercooler
efficiency which negatively impacts
engine performance. This outstanding
performance of the Spiracle filtration
technology
over any
contaminant
size range
including
sub-micron
particles,
XP
clearly sets
it apart
from other

Media Pack Thickness (mm)
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methods of filtering crankcase blow-by contaminants. The technology
offers the added advantage of providing optimum filtration
performance in low and high temperature extremes.
The Spiracle CFS does not have any moving parts and does not
require any electric or hydraulic power to function; therefore, it does
not require engine power to operate, which may otherwise cause
parasitic losses and decrease fuel efficiency.
Figure 9

spirACle system sChemAtiC
Inlet port
from engine
crankcase.

Outlet port to
air intake duct
(CCV) or draft
tube (OCV)

inexpensive, easily accessible filter. This
can be accomplished quickly (typically
under 1 minute), thus resulting in
minimal downtime servicing the engine
and more vehicle uptime. Periodic
replacement of the filter returns the
system to a known performance level
each and every time.
Donaldson Spiracle Systems deliver
high performance crankcase filtration
over all engine operating conditions.
Figure 10 and 11 show examples of
Spiracle CFS on engines.
"Green" Benefits
At Donaldson, we protect our
customers’ engines by cleaning the
air going into the engine, all the fluids
around and throughout the engine, and
the exhaust gases coming out of the
engine. In turn, our filtration systems
are improving the sustainability of the
environments in which they are used.

Pressure
relief
valve

Oil drain
connection

Spiracle CFS offers the following green
benefits:

AIR FILTRATION TECHNICAL REFERENCE

US Pats 6,530,964; 7,182,804
and other U.S. and
international pats. pending

¡ reduces or eliminates crankcase
emissions

Due to its reliability over the life of the engine, Spiracle CFS is the
ideal solution for controlling crankcase emissions whether in open
or closed crankcase ventilation systems. As the soot and other
contaminants build up on the Spiracle filters after extended engine
use, typically over 1,500 hours, the end user simply replaces an

B - Inlet

C - Oil Drain

Figure 10

Figure 11

b

A
A

¡ reduces engine oil consumption;
and
¡ maintains a cleaner engine
compartment

Conclusion

spirACle FiltrAtion systems on engines
A - Outlet

¡ improves cabin air quality (1)

Donaldson’s diesel engine knowhow combined with its cutting edge
crankcase blow-by characterization
technology and Synteq XP media based
Spiracle Systems offer the emissions
reduction solutions that are needed
by the diesel engine OEMs to meet
worldwide emissions regulations.

b
C

C

5
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Reference:
(1)

Three independent studies concluded Spiracle CFS improves in-cab air
quality. Links to studies can be found on Donaldson Emissions Resource
Center at www.donaldson.com/en/erc

Acronyms
OCV
CCV
CFS
OE
OEM
EPA
ARB
PM

Open Crankcase Vent /Ventilation
Closed Crankcase Vent/Ventilation
Crankcase Filtration System
Original Equipment
Original Equipment Manufacturer
Environmental Protection Agency
Air Resources Board; California Air Resources Board
Particulate Matter

Internet Resources:

AIR FILTRATION TECHNICAL REFERENCE

www.donaldson.com/en/engine/crank/

Donaldson, Spiracle, and Synteq XP are trademarks or registered
trademarks of Donaldson Company, Inc.
donaldson Company, inc.
po box 1299
minneapolis, mn
55440-1299

www.donaldson.com

north America 866-511-7610
mexico +52-449-910-6150
latin Am. & Caribbean +52-449-910-6150
brazil +55-11-2119-1604
europe +32-16-38-3811
south Africa +27-11-997-6000

south east Asia 65-6311-7373
greater China 852-2405-8388
Japan 81-42-540-4112
Australia 61-02-4350-2033
india +91-124-2290060

brochure no. F113025 (03/10)
© 2010 Donaldson Company, Inc. All rights reserved. Donaldson Company, Inc. reserves the right to change or
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application design worksheet
For proper development/design engineering solution,
we ask you to provide details about your engine,
project due dates, intake system and performance
(mechanical and filtration), system mounting, service,
final packaging and product markings.

When completed, please forward to Donaldson.
Email: engine@donaldson.com
Fax: 952-887-3059

Customer Name:

Revision:

Project Name:
Contact Name:

Title

Phone:

Fax:

Email:

Current Donaldson Model Used: (if applicable)

Your Part Number:

project details

air intake requirements

Type of Machine: ______________________________
Units Per Year: ____________

Airflow: (Specify units, standard conditions if 20º C and 101.3 kPa,
unless other specified.)

Key Project Dates:
____________________

Prototype Delivery:

____________________

Design Freeze:

____________________

PPAP:

____________________

Start of Production:

____________________

engine information

Manufacturer_________________________________
Model ______________________________________
No of Cylinders______________________________

Maximum Rated with out EGR ___________________
Maximum Initial Restriction:
___________ (pressure) at ____________ (flow rate)
Service Restriction Limit:
___________ (pressure) at ____________ (flow rate)

¨ Yes ¨ No
¨ Scheduled ¨ Restriction

Pre-cleaner Scavange Available:
Type of Maintenance:

Service Interval Desired:
_____________________________ hours OR miles

Rating _____________hp/kw at ______________rpm

Air Temperature:

external requirements

__________ º C Engine Compartment
__________ º C Max. Intake Air Temperature
__________ º C Max. Air Cleaner Housing Skin Temp.

Dust Condition:

¨

Light

¨ Medium

¨

Heavy

Other Conditions:

¨ High Carbon (soot) ¨ Mist ¨ Seed/Chaf
¨ Other: _______________________________
Does this air cleaner need to be flame retardant?
¨ Yes ¨ No
Air Temperature:
__________ º C Engine Compartment
__________ º C Max. Intake Air Temperature
__________ º C Max. Temp. in close proximity to air
cleaner

____________
intake system mounting requirements
Under Hood:

¨ Frame/Rail ¨ Engine ¨ Firewall
¨ Other _________________________

Outside of Engine Compartment

¨
¨

Cowl Mounted

¨ Frame/Rail

Other, please describe __________________

Location / Space Footprint:
Limitations (include inches or metric)
Length: ______

Inlet ______

Dia. ________

Outlet ________

Model of Space Envelope Attached?
www.buydonaldson.com
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Design Proposal:

Maximum Rated with EGR ___________________

¨ Yes ¨ No
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vibration

additional information

PSD/Time History Data Attached

¨ Yes

¨ No

Natural Frequencies to avoid (engine fundamental, track/
wheel/tire input:) _______________________________
What is B10 life? ____________________hours or miles
Machine
Axis

Acceleration (g)
Max. G Load

Expected
No. of
CyclesShock

Peak Shock
Loads (g)

Vertical
Fore/Aft
Side to Side

Is a safety/secondary filter required?
¨ Yes ¨ No
Flame retardant required?
¨ Yes ¨ No
Do you have any special finish requirements?
¨ Yes ¨ No
accessories

Mounting Bands
Rain Caps / Hoods
Moisture Eliminators
Filter Indicators

¨ Yes
¨ Yes
¨ Yes
¨ Yes

¨ No
¨ No
¨ No
¨ No

packaging
intake plumbing
Describe any special intake ducting, clamp, or torque
requirements.

Check all that apply?
Protective caps: ¨ on inlet

¨

¨ on outlet ¨ on port

Other _________________________________
_________________________________

Final Assembly:
¨ Bulk ¨ Individual Boxes

¨

¨

Returnable

Other _________________________________
_________________________________

AIR FILTRATION TECHNICAL REFERENCE

outlet plumbing
Describe any special intake ducting, clamp, or torque
requirements.

markings

Do you have any marking requirements?
Intake Assembly?
Filters?
Pre-Cleaner?

¨ Yes ¨ No
¨ Yes ¨ No
¨ Yes ¨ No

installation & service

Clamp Torque Specification ______________________

¨ Yes
Intake Air Temperature Sensor? ¨ Yes
Mass Air Flow Sensor?
¨ Yes
Crankcase Ventilation Port?
¨ Yes
Additional Fittings? ¨ Yes ¨ No
Restriction Indicator Port?

¨ No
¨ No
¨ No
¨ No

Do you require installation, service or maintenance
recommendations from Donaldson? ¨ Yes ¨ No
additional comments on requirements?

If yes, describe (location, thread/seal type)
_____________________________________________
_____________________________________________
for donaldson use onlY
_____________________________________________
Date Received: _____________________________
Request From:
Assigned to:
Business Unit: _____________________________
Product Manager: __________________________
donaldson company, inc.
PO Box 1299
Minneapolis, MN 55440-1200
Engine Air Intake
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¨ Catalog ¨ Web Site
¨ Other _______________________

Account Manager: _________________________
Engineer: _________________________________
doc. no. f115348 rev.0
october 2010
© 2010 Donaldson Company, Inc. All rights reserved. Printed in the U.S.A.
Donaldson Company, Inc. reserves the right to change or discontinue any model
or specification at any time and without notice.
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APPLICATION DESIGN WORKSHEET
For proper development/design engineering solution,
we ask you to provide details about your project,
engine and crankcase parameters, performance
(mechanical and filtration), system mounting, service,
final packaging and product markings.

When completed, please forward to Donaldson.
Email: engine@donaldson.com
Fax: 952-887-3502

Customer Name:

Revision:

Project Name:
Contact Name:
Phone:

Title
Fax:

Email:

Current Donaldson Model Used: (if applicable)

Your Part Number:

Project Details

Crankcase Design Parameters

Type of Machine: ______________________________
Units Per Year: ____________

Desired Crankcase Filtration System Type:

Key Project Dates:

Desired Filter Life: ______________ __ hours or miles
____________________

Prototype Delivery:

____________________

Design Freeze:

____________________

PPAP:

____________________

Start of Production:

____________________

Open

¨ Closed ¨ Not Sure
AIR FILTRATION TECHNICAL REFERENCE

Design Proposal:

¨

Minimum crankcase filtration efficiency (%) _________
Maximum blow-by gas flow _________________ l/min
Blow-by gas flow difference between new engine and old
engine
_______________________ l/min
Blow-by gas flow rate at engine brake ________ l/min

Engine Information

Manufacturer_________________________________

Maximum temperature of blow-by gas __________ °C

Model ______________________________________
Emissions regulations (U.S. EPA, Euro) being met?
___________________________________________
No of Cylinders______________________________

Crankcase pressure range (kPa)
minimum: ___________
maximum: _____________
Pressure relief valve required?
Pressure regulation valve required?

¨ Yes ¨ No
¨ Yes ¨ No

Engine Displacement ________________ l
Rating _____________kW at __________ __ ____rpm
Number of Turbochargers ____________________
Oil Type/Grade _____________________________
Height between housing oil exit to
oil pan _____________________________cm
Engine Tilt Requirements:

Degree _____________

Duration ____________

Direction ____________

Engine oil carry-over _______________________g/h

¨ Yes ¨ No

Check valve on oil return line
Engine Air Cleaner Restriction (kPa)
Initial ______________

Final ________________
continued on next page

Engine Compartment Temperature _____________ºC
www.buydonaldson.com
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Additional Information

Mounting Requirements

Location / Space Footprint:
Limitations (include inches or metric)
Length: ______

Inlet ______

Dia. ________

Outlet ________

Model of Space Envelope Attached?

¨ Yes ¨ No

Vibration

PSD/Time History Data Attached

¨ Yes ¨ No

Natural Frequencies to avoid (engine fundamental, track/
wheel/tire input:) _______________________________
What is B10 life? ____________________hours or miles
Machine
Axis

Acceleration (g)
Max. G Load

Peak Shock
Loads (g)

Expected
No. of
CyclesShock

Vertical

Do you have any special finish requirements?
¨ Yes ¨ No
Accessories

¨ Yes ¨ No
¨ Yes ¨ No
¨ Yes ¨ No

Hoses
Clamps
Filter Indicators
Packaging

Check all that apply?
Protective caps: ¨ on inlet

¨

¨ on outlet ¨ on port

Other _________________________________
_________________________________

Final Assembly:
Bulk ¨ Individual Boxes

¨
¨

¨

Returnable

Other _________________________________
_________________________________

Fore/Aft

Markings

Side to Side

Do you have any marking requirements?
Assembly?
Filters?

¨ Yes ¨ No
¨ Yes ¨ No

Installation & Service

AIR FILTRATION TECHNICAL REFERENCE

Do you require installation, service or maintenance
recommendations from Donaldson? ¨ Yes ¨ No

Additional Comments on Requirements?

For Donaldson USE ONLY

¨ Catalog ¨ Web Site
¨ Other _______________________

Date Received: _____________________________

Request From:

Assigned to:
Business Unit: _____________________________
Product Manager: __________________________

Account Manager: _________________________
Engineer: _________________________________

Donaldson Company, Inc.
PO Box 1299
Minneapolis, MN 55440-1200

Doc. No. F115356 Rev.1
January 2012
© 2012 Donaldson Company, Inc. All rights reserved. Printed in the U.S.A.
Donaldson Company, Inc. reserves the right to change or discontinue any model
or specification at any time and without notice.
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