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This will be a users workshop in a panel discussion format. The topics covered will be
applicable to all CVCC products sold and provide a DCN result. Users and manufacturers
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Questions and Summary of Answers for the Panel:
What are the main test variables that need to be controlled to produce
accurate test results?
There were four main variables discussed that, if controlled, lead to
accurate results
1. Accurate temperature control of the combustion chamber. This is
taken care of automatically by each instrument manufacturer in
their instruments and thus cannot be effected by the user.
2. Good calibration procedures. The user must follow good
laboratory practices and follow the manufactures calibration
procedures precisely. This means using a good source of air and
purity of calibration fluids, which was discussed at length latter in
the panel.
3. Accurate and repeatable fuel injection period so that exact and
repeatable injection amount test fluids are injected into the
combustion chamber. This is taken care of automatically by each
instrument manufacturer in their instrument and thus cannot be
affected by the user.
4. Good and repeatable quality air when running each test.
What are the main contaminants in air?
The percentage of oxygen, carbon dioxide and water content and
most affect ignition delay times and thus DCN in any CVCC test.
How does air quality affect ignition delay?

Higher oxygen content shortens ignition delay times.
Water and Carbon Dioxide content reduces ignition delay times. Jeff
Bizub showed a slide presentation (attached) which demonstrated the
effects of water in your air source.
What air labels the customer should look for?
Zero Air, Synthetic Air or Breathing Air are all acceptable for use in
CVCC tests. It is also a good idea to use 6 or more multipacks linked
together to keep the air quality more consistent.
How do contaminants of calibration and validation chemicals affect
results?
What are the contaminants?
The most common contaminants are peroxides which speed up
ignition delay. Methyl Cyclohexane (MCH) easily forms peroxides.
Inclusion of 10 to 15 PPM will affect ignition delay results.
Are their alternative chemicals?
Currently Primary Reference Fuel 98 is being evaluated as an
alternative to MCH.
Are their ways to obtain or purify these chemicals?
The user should treat MCH with 13X molecular sieves in a column
or by adding the sieves to the bottle of MCH. If the sieves are
used to treat the MCH in the bottle it may take several treatments
to remove the peroxides. Treat the MCH with sieves every time
the user runs a test. The user should assume that MCH always
contains peroxides.
What has been done to eliminate Hysteresis?
Hysteresis refers to the testing problem when a previous sample
of fuel is not being completely evacuated from the instrument so
that it affects the results of ensuing tests. Early testing showed

that when fuels including high levels of cetane improver where
tested prior to cetane improver free sample the cetane improver
affected the next sample. Alternative flushing techniques for these
early instruments have eliminated the problem. Newer equipment
designs also have eliminated this problem.
What is the referee method?
D -613. If there are disputes between DCN and D-613 results the
user can use D3244 to resolve any differences.

CVCC Panel Discussion
Influences of Combustion Air and possible diluents of
H20 and CO2
-JJ Bizub Dresser Waukesha
ASTM D7170/IP567 FIT Instrument

The following excerpts are bulleted points from the ASTM D02.01 meeting
regarding the ASTM D7170 task force in December of 2007:
-It should be noted that the “tightening” of the air specification (which was done
before the ASTM D7170 Interlaboratory Study, ILS, or round robin) was not done
for O2% purposes. The O2 content affects only the Wall Temperature set-point
to achieve calibration on normal heptane to achieve the required ignition delay
value. (i.e. adjusting the wall temperature of the equipment can compensate for
changes in O2 percent concentration when following the method’s guidelines)
-The air specification revision was done to ensure that tri-atomic molecules, or
molecules of differing atomic mass are kept within acceptable limits. Tri-atomic
molecules or molecules with larger atomic mass or less atomic mass are
susceptible to ‘condense out of’ or ‘effuse from’ the air mixture at different rates
than diatomic molecules per Graham’s Law of Diffusion (Effusion).

Real World Cases using different
grades of Combustion Air:
Many different Choices, what is most common? What is important?

-Zero Air
- CEM (continuous emissions monitoring air)
- Synthetic or Primary Standard ‘air;
- Compressed air (cleaned of oils from compressor)

Real World Cases using different
grades of Combustion Air:
Per ASTM D7170:

Why was this chosen? What happens? Why does it happen?

Plausible Scientific explanation for
an everyday occurrence
-Molecules “leave” the pressurized bottle at different rates
- Carbon Dioxide (CO2) and Water or water vapor (H2O) are diluents that
“slow” the rate of combustion (rate of reaction)
- Having a controlled amount of the diatomic molecules found in standard air
(Nitrogen N2) and Oxygen (O2) with small traces of other molecules will
increase your time between calibration intervals, especially when you are a
single bottle user of combustion air (using multiple bottles joined together on
a manifold is another key to ensuring success and long time between
calibration intervals).

Experiment: Using Heptane (calibration reagent) as a guide, let’s track
the ignition delays as the bottle of combustion air is consumed

Graham’s Law of Diffusion

Periodic Table of Elements

Example for Charge Air
•
•
•
•
•
•

Atomic Weight of N = 14, for N2 = 28
Atomic Weight of O = 16, for O2 = 32
N2 and O2 will diffuse at similar rates
Atomic Weight of C = 12
Atomic Weight of CO2 = 12 + 32 = 44
CO2 will diffuse at a slower rate than N2 and
O2.
• Furthermore, CO2 is an inert, and diluent that
slows down combustion (it’s widely used in
Exhaust Gas Recirculation, EGR) as an inhibitor
to prevent NOx formations.

Similarly
•
•
•
•
•
•
•

Atomic Weight of N = 14, for N2 = 28
Atomic Weight of O = 16, for O2 = 32
N2 and O2 will diffuse at similar rates
Atomic Weight of H = 1
Atomic Weight of H2O = 2 + 16 = 18
H2O will diffuse at a faster rate than N2 and O2.
Furthermore, H2O is also an inert and diluent,
that slows down combustion (it’s widely used in
Exhaust Gas Recirculation, EGR) as an inhibitor
to prevent knock (in water injection systems).
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As bottle is depleted amount of CO2 left in the bottle goes up, O2 goes down and
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Impact of H20
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“In Spec” Air
Impact of In Spec Air
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As bottle is depleted we have a relatively constant O2 percent and constant Ignition
Delay measurement (long term calibration stability)

In Summary
• The Charge Air Specification exists to avoid
potential shifts in air bottle consistency as the air
bottle is depleted. When pressure drops in the
bottle (as the contents are consumed), the
consistency of the remaining mixture may shift
due to different diffusion/effusion rates.
• Users of the equipment that utilize bottle
manifolds made up of more than 1 air cylinder
will be less apt to seeing this shift in short times.
• The air specification was tightened to avoid this
situation, particularly for those users that utilize
only a single air cylinder for charge air.

