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Continuous Hydrocarbon Analysis of Diesel Emissions

1. Scope—The method presented is the current recommendation for the use of flame ionization detectors to
determine the hydrocarbon content of diesel engine exhaust, or exhaust of vehicles using diesel engines,
when operating at steady-state.  The requirements of the associated sampling system and a general
procedure for a continuous measuring method are presented.

1.1 Purpose—This SAE Recommended Practice provides for the continuous measurement of the hydrocarbon
concentration in diesel exhaust.

2. References—There are no referenced publications specified herein.

3. Definitions

3.1 Exhaust Emission—Any substance emitted into the atmosphere from any opening downstream from the
exhaust port of the combustion chamber.

3.2 Diesel Engine—Any compression ignition internal combustion engine.

3.3 Steady-State Condition—An engine operating at a constant speed and load and at stabilized temperatures
and pressures.

3.4 Flame Ionization Detector—A hydrogen-air diffusion flame detector that produces a signal proportional to
the mass flow rate of hydrocarbons entering the flame per unit time.

3.5 Hydrocarbons—All organic materials including unburned fuel and combustion by-products present in the
exhaust which are detected by the flame ionization detector.

3.6 Parts Per Million Carbon—The mole fraction of hydrocarbon measured on a methane equivalence basis.

3.7 Calibration Gas—A gas used to establish instrument response.  Concentration known to ±1% accuracy
traceable to The National Institute of Standards and Technology (NIST) Reference Materials where available.

3.8 Span Gas—A gas used routinely to check instrument response.  Concentration traceable to calibration gases.

3.9 Air Zero Gas—Air containing less than 2 ppm hydrocarbon on a methane equivalence basis.
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3.10 Abbreviations Used

°C —Degrees Celsius
CHA —Continuous hydrocarbon analyzer
conc —Concentration
cm —Centimeters
diam —Diameter
Exh —Exhaust
FID —Flame ionization detector
g —Gram(s)
h —Hour
H2 —Hydrogen
HC —Hydrocarbon
He —Helium
Hg —Mercury
ID —Internal diameter
kg —Kilogram
L —Liter(s)
m —Meter(s)
max —Maximum
min —Minimum, minute(s)
mL —Milliliter(s)
kW —Kilowatt
N2 —Nitrogen
O2 —Oxygen
OD —Outside diameter
ppm —Parts per million
ppmc —Parts per million carbon
s —Second(s)
% —Percent

4. Section—This report is divided into the following sections:

3.  Definition of Terms and Abbreviations
5.  Equipment
6.  Instrument Operating Procedures
7.  Engine Test Procedure
8.  Information to be Recorded
9.  Calculations, Data Analysis, and Report
10.  Supplementary Discussion

5. Equipment

5.1 Instruments—The Continuous Hydrocarbon Analyzers (CHA) recommended for measuring unburned
hydrocarbons in diesel exhaust can be of a positive pressure burner type (Figure 1) or a reduced pressure
burner type (Figure 2).  In both systems, a fraction of the engine exhaust stream flows through a heated
sampling line and filters to the sample pump inlet.  The sample stream is split with a fraction of the exhaust
stream sample diverted to the burner.  The sample split is made upstream of the pump inlet in the reduced
pressure system and downstream of the pump outlet in the positive pressure system.  The burner in both
systems (Figures 1 and 2) is a flame ionization detector; the system components are described in 5.2.  The
system employed should be capable of measuring hydrocarbons over a range of 10 to 6000 ppmc and have
the ability to follow rapid changes in hydrocarbon concentration.  The response of the total sampling system to
diesel exhaust should be at least 90% of full scale within 20 s for a 100% of full scale step input to the system.
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FIGURE 1—CHA POSITIVE PRESSURE BURNER

FIGURE 2—CHA REDUCED PRESSURE BURNER

Full document details: SAE J215_200210

http://www.avadocuments.com/doc/sae-j215-200210
http://www.avadocuments.com/doc/sae-j215-200210


SAE J215 Cancelled OCT2002

-4-

5.2 Component Description—The following components are utilized in the CHA of Figures 1 and 2.  All parts are
common to both systems unless otherwise stated.

5.2.1 Pressure regulators, R1 and R2, pressure gages, G1 and G2, and capillary tubes or restrictors, C1 and C2,
to control air and fuel flows to CHA detector burner.  C1 and C2 should be maintained at constant
temperature ±2 °C.

OPTIONAL—Flow controllers and flowmeters may be used in place of R1, R2, G1, and G2.

5.2.2 Flame ionization detector, FID, capable of operating in the range of 175 to 200 °C.

5.2.3 Electrometer, E, coupled to a recorder, meter, or other comparable readout device may be used.

5.2.4 Constant temperature oven, O, for detector and sampling system components, capable of operating in the
range of 175 to 200 °C and holding temperature ±2 °C.

5.2.5 Stainless steel probe, SP, to obtain sample from the exhaust system.  A closed end, multihole static probe
extending at least 80% across the exhaust pipe is recommended.  The total area of the holes should be
equal to or less than the cross-sectional area of the probe.  A typical hole ID used is 0.15875 cm.  The probe
location should be governed by the purpose of the test.  For routine measurements, the probe should be
located in the exhaust line at a distance of 1 to 3 m from the exhaust manifold outlet flange or the outlet of the
turbocharger.  Longer distances can be used if the results are equivalent to those obtained at the specified 1
to 3 m distance.

5.2.6 Heat prefilter, F1, in line to remove soot and reduce acoustical effects in sample flow (optional).  Spun Pyrex1

glass is one example of a suitable filter material.

5.2.7 Sampling line, SL, must be heated to maintain the gas temperature to ±10 °C of the oven compartment
temperature and never less than 175 °C during sampling.  Construction of the line should be of stainless
steel and/or Teflon.1

A 0.635 cm OD or 0.9525 cm OD line is recommended.  A response time of 20 s or less is desired.  To test
response, inject span gas sample at the stack inlet (F1) and measure the time elapsed before a deflection of
90% of stabilized response is observed on the readout meter or recorder.  The gases used to check
response should give a deflection of at least 50% of full scale.

5.2.8 Temperature readout, T1, of sample stream entering oven compartment (minimum temperature 175 °C).

5.2.9 Suitable valving, SV1, for selecting sample, span gas, or air zero gas flow to the system.  The valve(s) should
be in the oven compartment or heated.

OPTIONAL—Use external pump to supply sufficient heated clean air to flush the entire system when not
calibrating or sampling.

5.2.10 Valves, V1 and V2, and gages, G3 and G4, to regulate calibration gas and air zero gas.

5.2.11 Coils, H1 and H2, to preheat calibration gas and air zero gas.

OPTIONAL—Introduce gases into sampling line near probe inlet.

5.2.12 Filter, F2, to remove particulates.  A 7 cm diam glass fiber type filter disc or equivalent is suitable.  Filter
should be readily accessible and changed daily or more frequently as needed.

1. Registered trademark.
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