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Foreword—This Document has also changed to comply with the new SAE Technical Standards Board format.

Development of CVS System—Constant volume sampler (CVS) systems have been used since the late 1950s.
The engine exhaust to be sampled is diluted with ambient air so that the total combined flow rate of exhaust and
dilution air mix is nearly constant for all engine operating conditions. The CVS system is sometimes called a
variable dilution sampler. Recently constant volume sampler systems have been abbreviated PDP-CVS or CFV-
CVS. The PDP-CVS system is the older system that uses a positive displacement pump to maintain a constant
total flow. The CFV-CVS system uses a critical flow venturi to maintain a nearly constant total flow. Some of the
newer CFV systems no longer use a heat exchanger to bring the mix of engine exhaust and dilution air to a
constant temperature, but instead monitor the mix temperature continuously in order to calculate the total flow
accurately. These CFV systems are not constant volume samplers, but since they are used to measure emissions,
the units are discussed here.

Hydrocarbons in the dilution air were recognized from the first as a problem in the CVS procedure. Studies were
initiated on the feasibility of removing the unwanted hydrocarbons. As a result, the installation of charcoal filters in
the dilution air system was chosen as the most practical solution. On a long-term basis, charcoal does not remove
the hydrocarbon materials but it does stabilize their concentration level during a given test and thereby permit the
collection of an accurate background sample.

1. Scope—This SAE Information Report describes uniform laboratory techniques for employing the constant
volume sampler (CVS) system in measuring various constituents in the exhaust gas of gasoline engines
installed on passenger cars and light trucks. The techniques described relate particularly to CVS systems
employing positive displacement pumps. This is essentially an almost obsolete system relative to usage in
industry and government. Current practice favors the use of a critical flow venturi to measure the diluted
exhaust flow. In some areas of CVS practice, alternative procedures are given as a guide toward development
of uniform laboratory techniques.

The report includes the following sections:
Introduction

1. Scope

2. References

2.1 Applicable Publications

3. Definitions
4. Test Equipment
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4.1 Sampler

4.2 Bag Analysis

4.3 Modal Analysis

4.4 Instrument Operating Procedures
4.5 Supplementary Discussions

4.6 Tailpipe Connections

4.7 Chassis Dynamometer

5. Operating and Calibrating Procedure
5.1 Calibration

5.2 Operating Procedures

6. Data Analysis

6.1 Bag Analysis

6.2 Modal Analysis

6.3 Background

6.4 Fuel Economy

7. Safety

8. Notes

2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein. Unless otherwise indicated the lastest revision of SAE publications shall apply.

2.1.1  SAE PusLicaTION—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
SAE J1506—Emission Test Driving Schedules

2.1.2 FEDERAL PUBLICATIONS—AVvailable from the Superintendent of Documents, U. S. Government Printing Office,
Washington, DC 20402.

1975 Federal Test Procedure: 40 CFR 86 Subpart B
The Federal Register

3. Definitions—The following definitions apply to the term indicated as the term is used in this document.

3.1 Analytical Train—A general term to define the entire system required to sample and analyze a particular
constituent in exhaust gas. Typically, this train will include items such as tubing, condenser, particulate filter,
sample pump, analytical instrument, and flow meter.

3.2 Calibration Curve—Normally, the dependent variable y, the concentration of the calibration gas, is plotted as a
function of the independent variable x, the instrumental voltage. For nonlinear analyzers, a polynomial of
degree no greater than the fourth power is used. Sufficient data points should be used to adequately define
the analyzer response. The calibration curve should agree to within 1% of the measured data point.

3.3 Calibration Frequency—Analyzers should be checked at least monthly to determine if significant change has

occurred in the calibration. In addition, the calibration should be verified when a problem is suspected and
when large gain shifts are observed.
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3.4 Calibrating Gas—A gas mixture of accurately known concentration which is used periodically to calibrate the
analytical instruments. Usually, calibration requires a number of mixtures of different concentrations.
Calibrating gases are usually divided into groups such as National Institute of Standards and Technology
(NIST) standard reference gases, golden standards, primary standards, and working gases. The naming of
the working gases should be traceable to the NIST standard reference gases. A standard gas divider is
normally used to blend a gas with a zero (or near zero) gas to generate a calibration curve. It provides a
significant reduction in calibration gas cylinders.

3.5 Chassis Dynamometer—A laboratory power absorption unit capable of simulating to a limited degree the
road operation of a vehicle. The dynamometer should possess the capability to simulate the inertia and road
load power developed by a vehicle.

3.6 Chemiluminescent (CL) Analyzer—An instrument which measures nitric oxide by measuring the intensity of
chemiluminescent radiation from the reaction of nitric oxide with ozone. The addition of a converter will permit
the measurement of the oxides of nitrogen.

3.7 Chock—A block or wedge that prevents movement of the wheels of a vehicle.

3.8 Coastdown—The procedure used to determine the total horsepower absorbed by a dynamometer at 80 km/h
(50 mph). The time required for the rolls to coast down from 88 to 72 km/h (55 to 45 mph) is observed.

3.9 Constant Volume Sampler (CVS)—A device for collecting samples of diluted exhaust gas. The exhaust gas
is diluted with air in a manner that keeps the total flow rate of exhaust gas and dilution air constant throughout
the test. The device permits measuring mass emissions on a continuous basis and also, through use of a
second pump, allows a proportional mass sample to be collected.

3.10 Converter—A thermal or catalytic reaction device which usually precedes the chemiluminescent analyzer and
converts oxides of nitrogen to nitric oxide. The converter may also convert ammonia and other nitrogen
containing compounds to nitric oxide.

3.11 Counter—A mechanical and/or electrical device that totalizes the number of revolutions of the CVS for each
test phase.

3.12 Curve Fitting—See calibration curve, Lagrangian fit, polynomial fit.
3.13 Detector—That Component in an analytical instrument which is sensitive to a particular gas.

3.14 Dilution Air—Ambient air which is passed through filters to stabilize the background hydrocarbon
concentration and which is used to dilute the vehicle exhaust.

3.15 Dilution Factor—Based on stoichiometric equation for fuel with composition CH4 g5, the dilution factor is
defined as:

13.4
CO,+(HC+CO)x 107"

(Eq. 1)
where:

CO, is equal to the concentration in dilute exhaust sample in mole percent, HC in ppm carbon equivalent,
and CO in ppm corrected for water vapor and CO, extraction.

3.16 Dilution Ratio—The ratio of CVS volume to exhaust volume, usually found by dividing the undiluted exhaust
CO,, concentration by the dilute CO, concentration.
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3.17 Driver Aid—An instrument used to guide the vehicle driver in operating the vehicle in accordance with the
specified acceleration, deceleration, and cruise operating modes of a specific driving procedure.

3.18 Exhaust Emissions—Substances emitted to the atmosphere from any opening downstream from the exhaust
port of a motor vehicle engine.

3.19 Fifth Wheel—A calibrated wheel, axle, and tachometer generator assembly that can be used to determine the
true speed of the vehicle (by towing the wheel assembly), or true speed of the dynamometer rolls (by
permitting the rolls to drive the fifth wheel assembly).

3.20 Filter Cell—That portion of the NDIR instrument which is filled with a particular gas in order to reduce
interference signals.

3.21 Flame lonization Detector (FID)—A device containing a hydrogen-in-air diffusion flame that produces an
electrical current approximately proportional to the mass of the carbon component of the hydrocarbons
entering the flame per unit time.

3.22 Hang-up—The absorption-desorption of sample (mainly higher molecular weight hydrocarbons) from the
surfaces of the sample system that can cause instrument response delay and lower concentration at the
analyzer, followed by higher readings in subsequent tests.

3.23 Heat Exchanger—An air-to-air or air-to-water heat exchanger, which is used to control the temperature of the
dilution air-exhaust gas mixture.

3.24 Horsepower

3.24.1 ABSORBED HORSEPOWER—Total power absorbed by the absorption unit of the dynamometer and by the
frictional components of the dynamometer.

3.24.2 ABSORBED HORSEPOWER AT 80.5 KM/H (50 MPH) ROAD LoAD—The dynamometer setting values for various
inertia weight vehicles published in the Federal Register.

3.24.3 FRICTIONAL HORSEPOWER—Power absorbed by the frictional components of the dynamometer.
3.24.4 INDICATED HORSEPOWER—Power values indicated by the power meter of the dynamometer.

3.24.5 INDICATED HORSEPOWER AT 80.5 KM/H (50 MPH) ROAD LOAD—The dynamometer setting values, determined
by calibration, that correspond to the dynamometer setting values published in the Federal Register.

3.25 Inertia Weights—A series of rotating disks used on a chassis dynamometer to simulate to the nearest 57,
113, or 227 kg (125, 250, or 500 Ib) increments of the test weight of a vehicle during accelerations and
decelerations. The inertia weights have no effect during steady states.

3.26 Lagrangian Fit—A computer technique used to interpolate polynomial curves generated from a set of data
points (calibration points): N data points are required to generate a curve to N—1 degree. A feature of this
technique is that the interpolated curve goes through each data point exactly.

3.27 Laminar Flow Element (LFE)—A flow rate measuring device that has a linear relationship between flow rate
and pressure drop.
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3.28

3.29

3.30

3.31

3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39

3.40

3.41

3.42

3.43

3.44

3.45

3.46

Light-Duty Truck—Any motor vehicle rated at 8,500 pounds GVWR or less which has a vehicle curb weight of
6,000 pounds or less and which has a basic vehicle frontal area of 45 square feet or less, which is:

a. Designed primarily for purposes of transportation of property or is a derivation of such a vehicle, or
b. Designed primarily for transportation of persons and has a capacity of more than 12 persons, or
c. Available with special features enabling off-street or off-highway operation and use.

Light-Duty Vehicle—A passenger car or passenger car derivative capable of seating 12 passengers or less.

Loaded Vehicle Weight—The curb weight of a light-duty vehicle plus 136 kg (300 Ib).

Mixing Device—A device that is used in the main flow stream of a CVS to promote mixing of the exhaust gas
with the dilution air.

Mode—A particular operating condition (for example, acceleration, cruise, deceleration, or idle) of a test cycle.
Nondispersive Infrared (NDIR) Analyzer—An instrument to determine carbon monoxide, carbon dioxide,
nitric oxide, and hydrocarbons in exhaust gas. Now primarily being used for carbon monoxide and carbon

dioxide determinations.

Normalizing Gas (Span Gas)—A single calibrating gas blend routinely used in calibration of each analytical
instrument.

Optical Filter—That portion of the NDIR instrument which eliminates wavelength regions where interference
signals are obtained.

Oxides of Nitrogen—The sum total of the nitric oxide and nitrogen dioxide in a sample expressed as
equivalent mass of nitrogen dioxide.

Ozonator—An electrical device that generates ozone from oxygen or air.
Parts Per Million Carbon—The mole fraction of hydrocarbon measured on a methane equivalence basis.
Polynomial Fit—A technique of generating a calibration curve from a set of points.

Positive Displacement Pump—A CVS blower, gas pump, or constant displacement pump that delivers a
metered amount of air per revolution measured at inlet conditions.

Probe—A sample line inserted into the exhaust stream of a vehicle or engine in such a manner as to obtain a
homogeneous or well-mixed exhaust sample.

Reference Cell—That portion of the NDIR instrument that is usually filled with air (sometimes nitrogen) and
provides the reference signal to the detector.

Remote Filter Box—Particular CVS design that has the dilution air filters and mixing chamber housed in a
separate cabinet which can be located close to the tailpipe of the test vehicle.

Sample Cell—That portion of the NDIR instrument which contains the flowing sample gas.

Stratification—\Variation in concentration of a sample stream when samples are taken at different points on a
cross section of the mixed CVS stream just ahead of the CVS positive displacement pump.

Tailpipe Pressure—The static pressure measured at the tailpipe when a CVS is connected to a test vehicle.
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4. Test Facilities and Equipment

4.1 Sampler—CVS systems can exist in a variety of physical configurations but all of them permit measuring
emissions of vehicles:

4.1.1 Basic EQUIPMENT—The principal component of a CVS is either the positive displacement pump (PDP) of the
older models or the critical flow venturi (CFV) of more recent designs. The positive displacement pump
consists of a pair of symmetrical rotating, two-lobe impellers driven in opposite directions and encased by a
housing. A critical flow venturi CVS has a CVS compressor unit that is used in conjunction with the critical
flow venturi. Figure 1 shows a sketch of a CFV-CVS.

4.1.1.1  Adilution air filter system consisting of a particle (dust) filter, a charcoal filter to stabilize hydrocarbons, and
a second particle filter to remove airborne particles and trap charcoal particles.

4.1.1.2  Aflexible coupling to the tailpipe of the test car brings in undiluted exhaust gas to the mixing chamber.

4.1.1.3 A mixing chamber combines the automotive exhaust from the test car and the dilution air into a
homogeneous (nonstratified) mixture.

4.1.1.4 A heat exchanger is used to control the temperature of the exhaust gas dilution air mixture. The heat
exchanger should be capable of controlling the temperature of the dilute exhaust gas +5.6 °C (10 °F)
during testing. In some models of CVS, a temperature controller regulates both the flow of cooling water or
hot water (from a hot water heater) through the heat exchanger to control mixture temperature. In other
models of CVS, the dilution air is preheated so that the temperature controller regulates the flow of cooling
water through the heat exchanger in order to control the mixture temperature.
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FIGURE 1—CFV—CVS SAMPLER UNIT
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4.1.1.5

4.1.1.6

4.1.1.7

4.1.1.8

4.1.1.9

4.1.2.1

4.1.2.2

4.1.2.3

4.1.2.4

A secondary heater system maintains the heat exchanger at a temperature to prevent water condensation.

A sampling system transfers the exhaust-air mixture from the CVS to the bag at a constant flow rate. The
minimum sample flow rate should be 0.28 m3/h (10 ft3/h). Each sampling system consists of fiberglass
filter, a diaphragm type pump, a flow control valve, and a flow meter or other gas measuring device. All of
the surfaces in contact with the sample air or air-gas mixture are stainless steel or other nonreactive
material.

A similar sampling system collects dilution air from a point just downstream of the air filter and transfers it
to a separate bag.

An evacuation and purge pump to remove the excess sample from the bags and purge the bags with clean
air.

A set of bags (sample and background) and appropriate controls is needed for each of the test phases.

SUPPLEMENTARY EQUIPMENT—In addition to the above basic equipment, the following items can be added for
operating convenience:

A muffler located after the CVS pump to reduce the noise.

A four-speed motor, transmission, or other suitable means for driving the positive displacement pump will
permit a choice of different dilution ratios.

An optional remote control operating station containing the counter, the operations logic module, and the
various control function switches and indicator lights that permit convenient operator control at a distance
from the CVS console.

Optional modal analysis at the analytical bench during the filling of the bag is made possible through the
use of a separate sampling probe(s). One probe is used if continuous modal analysis is conducted using
diluted exhaust.! The second probe in this case is used to monitor diluted CO, which is used as a tracer
gas to determine engine flow. Tail pipe sample should either be returned to the CVS bulk stream if the
amount withdrawn is a significant fraction of total exhaust flow (greater than 1%), or the loss in tail pipe
sample should be corrected mathematically.

4.2 Analysis Instrumentation—Bag Analysis

4.2.1

422

4.2.2.1

4.2.2.2

4.2.2.3

ScHEMATIC—Figure 2 is a sketch of the sampling and analysis train that is a typical flow schematic for the
bag analysis of engine exhaust using the CVS.

COMPONENT DESCRIPTION—The following components are suggested for the CVS bag sampling and
analytical systems for the analysis of carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOy),
carbon dioxide (CO,), and oxygen (O):

NDIR analyzers for measurement of CO and CO,, with cells of appropriate length for concentration ranges
being measured. Typical ranges are shown in Table 1.

Chemiluminescent (CL) NO analyzer is equipped with a bypass and NO, to NO converter for the
measurement of NO, with concentration range selection as shown in Table 1.

FID for measurement of HC. The instrument employed should be capable of measuring HC for ranges
shown in Table 1.

1. Two probes are required if continuous modal analysis is conducted using undiluted exhaust.
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FIGURE 2—BAG SAMPLING AND ANALYSIS TRAIN
Oxygen analyzer for measurement of O, with range of measurement as shown in Table 1.
Valves V4, used to direct the sample or purge air to the analyzers.

Valves V4, Vg4, Vg (optional), Vg, and Vg used to direct the sample, zero gas, or span gas streams to the
analyzers.

Filters F4 and F, for removing particulate materials from the sample prior to analysis. A glass fiber filter of
at least 7 cm diameter is suitable.

Documents

Document Sharing Hub

Full document details: SAE J1094_201109


http://www.avadocuments.com/doc/sae-j1094-201109
http://www.avadocuments.com/doc/sae-j1094-201109

SAE J1094 Stabilized SEP2011 Page 11 of 48

4.2.2.8 Pumps P4 and P, to move the sample through the system. Pumps should have stainless steel or
aluminum chambers with diaphragms and valves made from or covered with an inert material, such as
Teflon. Free air capacity should be approximately 1.1 m3h (40 ft3/h). Pumps P; for bypass flow of
chemiluminescent analyzer and vacuum pump P, (optional depending upon the design of the
chemiluminescent analyzer) for evacuation of the chemiluminescent reactor chamber.

4.2.2.9 Needle valves N4, N4, N7, and N4, to regulate sample gas flow to the analyzers.

4.2.2.10 Needle valves N,, N5, Ng, and N4, to regulate span gas flow to the analyzers.

4.2.2.11 Optional valve Vg used to direct CO, span gas through the water bubbler for checking the performance of
drier and absorber system or to check the H,O and CO, interference rejection characteristics of the CO
analyzer. Needle valve N, is used to regulate CO, flow.

4.2.2.12 Needle valves N3, Ng, Ng, N43, and N4z to regulate zero gas flow to the analyzers.

4.2.2.13 Flow meters FL4, FL,, FL3, and FL4 to indicate span gas, zero gas, and sample flow to the analyzers.

4.2.2.14 Water trap T4, if necessary, to partially remove water and a valve N44 to allow the trap to be drained.

TABLE 1—TYPICAL LOW RANGES FOR ANALYSIS OF HC, CO, CO,, NOyx, AND O,
IN SPARK IGNITION ENGINE EXHAUST

Ranges Ranges

Component CVS Bag Sample Undiluted Exhaust Gas
HC 0-300 ppmC 0-500 ppmC
CcO 0-100 ppm 0-0.3%
NO,

1975 0-250 ppm 0-2500 ppm

1976 0-10 ppm 0-250 ppm
CO, 0-2.0% 0-15%
Dilute CO, — 0-5%
0, 0-21% 0-10%

4.2.2.15 Optional®> sample conditioning columns CR, and CR, containing Ascarite to remove CO, from the CO
analysis stream, and WR, and WR, containing indicating CaSO,4 or indicating silica gel to remove the
remainder of the water. Equivalent drying techniques such as diffusion driers may be used. These
optional sample conditioning techniques must be used if the CO instrument is subject to CO, or water
interference. However, several CO analyzers are commercially available that have negligible CO, and
water interference and their use is strongly recommended.

4.2.2.16 Optional valves Vg and V5 to permit switching from exhausted absorbing columns to fresh columns.

2. The criteria for CO interference by CO, and water is given in the Code of Federal Regulations (40 CFR 86.122): A CO instrument will be con-
sidered to be essentially free of CO, and water vapor interference if its response to a mixture of 3% CO, in N,, which has been bubbled through

water at room temperature (68 to 86 °F), produces an equivalent CO response, as measured on the most sensitive CO range, which is less than
1% of full scale CO concentration on instrument ranges above 300 ppm CO or less than 3 ppm on instrument ranges below 300 ppm CO.
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4.2.2.17 Optional water bubbler W, to allow saturation of CO, span gas to check the efficiency of the absorbing
columns in the CO system.

4.2.2.18 Optional methane analyzer with a range of 0 to 50 ppmC.
4.3 Analysis Instrumentation—Modal Analysis (Undiluted Exhaust Gas)

4.3.1 GENERAL—Figure 3 is a schematic drawing of the sampling and analysis train that is recommended for the
modal analysis of spark ignition engine exhaust using the CVS. The system is very similar to that required
for bag analysis, with the exception that water traps are required on all instrument sampling steams and an
additional CO, analyzer is required. In addition, instruments of only approximately 1/10 the sensitivity of
those used for bag analysis are needed. This system is based upon measuring continuously undiluted
exhaust gas concentrations of HC, CO, NO,, and CO, and the diluted exhaust CO, concentration.

The undiluted and diluted exhaust CO, concentrations are used to calculate a dilution factor which, in
conjunction with the total diluted volume, can be used to calculate the vehicle exhaust volume. With the
calculated exhaust volume and the undiluted exhaust concentrations, the modal mass emissions of each
pollutant can be calculated as described in 6.2.2.
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4.3.2 COMPONENT DESCRIPTION—The following components are recommended for the analytical systems for the
modal analysis of CO, HC, NO,, CO,, and O,.

4.3.2.1 NDIR analyzers for measurement of CO and CO, with cells of appropriate length for the concentration
ranges being measured. Typical ranges are shown in Table 1.

4.3.2.2 The CO, analyzer for the measurement of CO, in the diluted exhaust stream can be modified to the extent
that the reference cell is replaced with a second sampling cell through which dilution air is passed during
sampling. This feature will automatically correct the measured CO, in the diluted exhaust for the amount
of CO5 in the dilution air.

4.3.2.3 Chemiluminescent (CL) NO analyzer equipped with a bypass and a NO, to NO converter for the
measurement of NO, with the concentration range selection as shown in Table 1.

4.3.2.4  FID for measurement of HC. The instrument should be capable of measuring HC for the ranges shown in
Table 1.

4.3.2.5 Oxygen analyzer for measurement of O, with range of measurement shown in Table 1.

4.3.2.6 Valves V1 and V3 used to direct the sample of purge air to the analyzers or to purge air to the blowout
traps.

4.3.2.7 Valves Vy,, V4, Vg, V10, V44, and V44, used to direct the sample, zero gas, or span gas streams to the
analyzers. Valve Vg, is used to direct the span gas to the O,, sensor.

4.3.2.8 Filters F4, F5, F3, and F4, for removing the particulate from the sample prior to analysis. A glass fiber type
of at least 7 cm in diameter is suitable.

4.3.2.9 Pumps P4, Py, P3, and P4, to move the sample through the system. Pump Pg, for bypass flow of the
chemiluminescent analyzer and vacuum pump Pg (optional dependent on design of chemiluminescent
analyzer) for evacuation of the chemiluminescent reactor chamber. Pumps should have stainless steel or
aluminum chambers with diaphragms and valves made from or covered with an inert material, such as
Teflon. Free air capacity should be approximately 1.1 m3/h (40 ft3/h).

4.3.2.10 Needle valves Ny, N3, N¢g, N2, N47, and Nyg, to regulate sample gas flow to the analyzers.

4.3.2.11 Needle valves N4, Ng, Nq4, N4g, and Np,, to regulate span gas flow to the analyzers.

4.3.2.12 Optional valve V54, used to direct CO,, span gas through the water bubbler for checking the performance
of the absorbers in the CO analyzer stream. Needle valve N3, (optional) is used to regulate CO,, flow.

4.3.2.13 Needle Valves N5, N7, N43, N45, Nog, and N4, to regulate zero gas flow to the analyzers.

4.3.2.14 Flow meters FM4, FM,, FM3, FMy4, FM5, and FMg, to indicate span gas, zero gas, and sample flow to the
analyzers.

4.3.2.15 Water traps T4, T, and T, to partially remove water and valves Noy4, Nos, and Nog, to allow the traps to be
drained.
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4.3.2.16 Optional sample conditioning columns CR4, and CR,, containing Ascarite to remove CO,, from the CO
analysis stream, and WR4 and WR,, containing indicating CaSO,4 or indicating silica gel to remove the
remainder of the water. Ascarite produces water when it removes CO,, from the stream. Equivalent drying
techniques such as diffusion driers may be used. The volume of the conditioning columns must be
sufficient to be effective for the duration of the test. Some operational ranges for continuous analysis may
not require water and CO,, removal. Some new CO instruments do not have water or CO, response.

4.3.2.17 Optional valves Vg and V5q to permit switching from the exhausted absorbing columns to fresh columns.

4.3.2.18 Optional water bubbler W, to allow saturation of CO, span gas to check the efficiency of the absorbing
columns in the CO system.

4.3.2.19 Need valves N4, Ng, N¢4, and N4g to regulate the bypass sample flow.

4.4 Instrument Operating Procedures—Follow the instrument manufacturer's start-up and operating procedure
for the particular type instrument being used. In addition, the following minimum calibration and instrument
checks should be included.

4.41 INITIAL—The following instrument checks should be accomplished prior to making emission measurements
with the instruments:

4.4.1.1  Optimize FID Response

a. Set sample flow rate to the minimum required for satisfactory sensitivity. (Suggested flow rate is 5cm>/
min.)

b. Present burner fuel composition now recommended is 40% H, 60% He. However, hydrogen
concentrations from 38% to 55% can be used, but the use of other than the recommended fuel could
produce a correlation problem. The fuel mixture should contain less than 0.5 ppmC HC. Suggested
hydrogen flow rate is 40 cm®/min (e.g., 100 cm®/min of 40% H,/60% He fuel).

c. Suggested air flow rate is 10 times the hydrogen flow.

d. The suggested flows have been found, with many different FID's to reconcile the sometimes conflicting
requirements of adequate hydrocarbon sensitivity, insensitivity to slight flow variation, reasonably
uniform relative response to different hydrocarbons on a carbon atom basis, insensitivity to oxygen
concentration in the sample, and good correlation between instruments. However with some FID's, it
may be necessary to deviate somewhat from these suggested flows.

4.4.1.2 Determine Oxygen Response of FID Analyzer—Variations in the oxygen content of the sample can affect
the FID response. This effect must be determined and minimized.

a. CVS bag analysis

1. Set flows as determined in 4.4.1.1 and ignite the burner. Wait for stabilization. Normally, the burner

is operated continuously to avoid the stabilization problem.

Zero the analyzer on HC free air.

3. Determine the oxygen response by introducing propane gas at a concentration of approximately 30
ppmC in the following diluents: 100% N5, 95% Ny/5% O,, 90% N,/10% O,, 85% N,/15% O,, and
100% air.

4. Using the propane in the air gas as the baseline for no O, correction, plot a curve of the oxygen
correction factor versus the percent O, in the sample:

O, correction factor = 1.0 - (AéB) (Eq. 2)

N
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