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1. Scope—This SAE Recommended Practice specifies a uniform procedure for the evaluation of gaseous
exhaust emissions from small utility engines typically less than 20 kW. Details of engine test setup and
exhaust gas analysis techniques are specified with the intent of providing a uniform and reproducible method
of measurement.

The intent has been to allow as much flexibility as possible in the physical construction of the experimental
apparatus. Therefore, only those portions of the apparatus whose operation is critical to the accurate
measurement of emissions levels are prescribed in detail.

An engine test procedure including a test sequence is outlined such that it would cover the various
applications in which small engines are used. The intent is to provide an understanding of the levels of
exhaust emissions and does not imply that in a given application, an engine would operate in all the modes
outlined in the test procedure.

This document is intended as a guide toward standard practice and is subject to change to keep pace with
experience and technical advances.

2. References

21 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. The latest issue of SAE Publications shall apply.

2.1.1  SAE PuBLICATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J177—Measurement of Carbon Dioxide, Carbon Monoxide, and Oxides of Nitrogen in Diesel Exhaust
SAE J215—Continuous Hydrocarbon Analysis of Diesel Emissions

SAE J244—Measurement of Intake Air or Exhaust Gas Flow of Diesel Engines

SAE J254—Instrumentation and Techniques for Exhaust Gas Emissions Measurement

SAE J313—Diesel Fuels

SAE Paper 650507—Air Fuel Ratios From Exhaust Gas Analysis, R.S. Spindt
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2.1.2 FEDERAL REGULATIONS—AVvailable from The Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402.
Code of Federal Regulations, 40 CFR 86.310-79
Code of Federal Regulations, 86.113-87
Code of Federal Regulations, 86.144-78
3. Definitions
3.1 "100% LoAD" is the maximum load which can be applied at a given engine condition.
3.2 '"IDLE sPeeD" is the manufacturer's recommended idle speed. If there is no recommended idle speed, the idle
speed will be the lowest stable engine speed without a load.
3.3 "INTERMEDIATE SPEED" is 85% of rated speed.
3.4 "RATED POWER" is specified by the manufacturer at a rated speed.
3.5 "RATED SPEED" means the speed specified by the manufacturer at the rated power for the engine. If the rated
speed is not specified, the rated speed will be at the point at which the engines peak power occurs.
4. Engine Test Setup—The engine under test, or the test cell, should be instrumented so that the following
variables, in addition to exhaust emission levels, can be measured:
a. Inlet air temperature
b. Inlet air humidity (Test cell)
c. Barometric pressure (Test cell)
d. Fuel mass flow rate
e. Engine speed
f.  Engine brake torque output
Throughout the course of a test, exhaust composition will be measured through use of an analytical train and
instrumentation system to be described subsequently.
Suggested engine setup and exhaust gas analysis systems are illustrated in Figures 1, 2, and 3, respectively.
Engine test cell ambient conditions shall remain within the following tolerances:
a. Ambient Air Temperature—20 to 30 °C
4.1 Air and Fuel Flow Measurement—Emissions measurements are made on a molar basis and results are
given in terms of concentration. General practice at present is to quote emissions in mass terms. Conversion
of concentrations into mass should be based on the fuel flow technique. For all engines it is recommended to
use the Fuel Flow Method as described in 7.2.2.1. The following paragraphs give recommended procedures
for measuring air and fuel flow.
411 FUEL FLow MEASUREMENT—Fuel flow rate measurement instrumentation must have a combined accuracy of

+2% of the reading.
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FIGURE 1—ENGINE SETUP FOR EMISSIONS TEST
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FIGURE 2—EXHAUST GAS ANALYTICAL SYSTEM WITH CLA
Documents

Full document details: SAE J1088_201303

Document Sharing Hub


http://avadocuments2026.com/doc/sae-j1088-201303
http://avadocuments2026.com/doc/sae-j1088-201303

SAE J1088 Cancelled MAR2013 Page 4 of 14

HEATED LINE
BEXHAUST [=i
WRE =——]
o o
TED FILTER COLD TRAP EZ}PEATEDFILT’ER
FILTER
HEATED LINE
X X X X
®— e&— ®&— ®—
HC O: Co Q0. NO
HFIA NOIR NDIR HCQLA
Y T Y 1T YT 1 T 1 T 1

FIGURE 3—EXHAUST GAS ANALYTICAL SYSTEM WITH HCLA

4.1.2 INLET AIR FLOW MEASUREMENT (OPTIONAL)—Figure 1 shows in schematic form an optional inlet airflow
measurement system. The measurement system shown consists of a laminar flow meter used in
conjunction with a pressure wave damping chamber. The damping chamber may consist of any vessel
having an internal volume not less than 100 times the displacement per cylinder under test. The damping
chamber should be installed between the airflow metering element and the engine air inlet, thus serving to
isolate the meter from the engine. One of a number of alternate airflow measurement systems may be
substituted for the preferred system described previously. Such systems should adhere to the practices
specified by SAE J244.

If the airflow element reduces the engine airflow because of excessive pressure drop, greater than 100 Pa,
an auxiliary blower can be used to compensate for the effect of the air meter. If a blower is used, engine inlet
pressure should be measured and controlled to £50 Pa of barometer readings.

4.2 Exhaust Gas Sampling System—The exhaust gas sampling system consists of the exhaust system normally
supplied with the engine, an exhaust sampling probe, and an exhaust mixing chamber. Figure 1 shows a
typical sampling system. Figure 4 shows the sample probe and typical hole spacings.

421 EXHAUST SAMPLE PROBE—The sample probe shall be a straight, closed end, stainless steel, multi-hole
probe. The Inside Diameter (ID) shall not be greater than the ID of the sample line. The wall thickness of the
probe shall not be greater than 1 mm. The fitting that attaches the probe to exhaust conduit shall be as small
as practical in order to minimize heat loss from the probe.

There shall be a minimum of three holes in the probe. The spacing of the radial planes for each hole in the
probe must be such that they cover approximately equal cross-sectional areas of the exhaust conduit. The
angular spacing of the holes must be approximately equal. The angular spacing of any two holes in one
plane may not be 180 degrees + 20 degrees (i.e., section C-C of Figure 4). The holes should be sized such
that each has approximately the same flow. If only three holes are used, they may not all be in the same
radial plane.

The probe shall extend radially across the exhaust conduit. The probe must pass through the approximate
center and must extend across at least 80% of the diameter of the conduit.
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