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

1. Scope—This SAE Recommended Practice establishes uniform laboratory techniques for the continuous and
bag-sample measurement of various constituents in the exhaust gas of the gasoline engines installed in
passenger cars and light-duty trucks. The report concentrates on the measurement of the following
components in exhaust gas: hydrocarbons (HC), carbon monoxide (CO), carbon dioxide (CO,), oxygen (O,),
and nitrogen oxides (NO,). NO, is the sum of nitric oxide (NO) and nitrogen dioxide (NO,). A complete
procedure for testing vehicles may be found in SAE J1094.

This document includes the following sections:

Scope
Re’rErences

Emissions Sampling Systems
Emissions Analyzers

Data Analysis

Asspciated Test Equipment
Test Procedures

Nookon=

1.1  Purpose—The purpose of this document is to describe means for the-analysis of exhausi emissions. This
procedure has been developed after thorough review and consideration of test techpiques in use in
laboratories|of federal and state governments, and the automobiletand petroleum industries

2. References

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

2.1.1 SAE PuBlicaTioNs—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J1094—Constant Volume Sampler-System for Exhaust Emissions Measurement
SAE J1263—Road Load Measurement and Dynamometer Simulation Using Coastdowr Techniques
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3. Definitions

3.1 Bag Sample—Ambient air or vehicle exhaust collected during various segments of the driving test cycle for
analysis.

3.2 Calibrating Gas—A precisely analyzed gas of known concentration, used to determine the response curve of
an analytical instrument.

3.3 Chemiluminescent Analyzer—An analytical method for determining the NO, concentration in exhaust gas.

3.4 Chassis Dynamometer—A laboratory-power absorption unit, capable of simulating the inertia and road-load
power develpped-by-a-vehicle-

3.5 Cooler—A Jievice capable of sufficient refrigeration to maintain condenser temperatures-in the analytical train
at2°C +1°C (35 °F + 2 °F).

3.6 Curb Weight—The weight of the vehicle in operational status, with all standard and commonly installed
optional equipment, and the gas tank filled to nominal capacity.

3.7 Detector—That component in an analytical instrument which responds to a particular exhaupt gas constituent.

3.8 Driver's Aid—An instrument intended to guide the vehicle drivepin operating the vehicle ih accordance with
the specifieq acceleration, idle, deceleration, and cruise operating modes of a specific driving procedure.

3.9 Exhaust Emissions—Any substance (but normally limited’to pollutants) emitted to the atmosphere from any
opening downstream from the exhaust point of the combustion chamber of an engine.

3.10 Flame loniZation Detection Analyzer (FID)—An\ analytical instrument used for determlining the carbon
concentratign of hydrocarbons in a gas sample.,

3.11 Hang-up—The absorption-desorption of\sample (mainly higher molecular weight hydrog¢arbons) from the
surface of the sample system that can.cause a delay in instrument response and lower cgncentration at the
analyzer, followed by higher readings in subsequent tests.

3.12 Inertia Masges—A series of((rofating masses on a chassis dynamometer, used to simulate the test mass of a
vehicle.

3.13 Loaded Vehicle Mass—The manufacturer's estimated mass of a vehicle in operating cpndition. For the
purpose of gmission\esting, it is the curb mass of a light-duty vehicle plus 136 kg (300 Ib).

3.14 Lox-Servicg Cleaning—Process where sampling system plumbing is cleaned thoroughly prior to flowing
liquid oxygen (LOX). Hydrocarbon contamination is removed by rinsing with a solvent that will not generate
emission constituents.

3.15 Mode—A particular event (for example, acceleration, deceleration, cruise, or idle) of a test cycle.

3.16 Nondispersive Infrared (NDIR) Analyzer—An analytical instrument currently used to determine CO and CO,
in exhaust gas.

3.17 Probe—A device inserted into some portion of an engine or vehicle system in order to obtain a representative
gas or liquid sample.

3.18 Reference Cell—That portion of the NDIR instrument which contains the reference gas for comparison with
the sample.
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3.19 Response Curve (Calibration Curve)—A line drawn through at least six points established by calibration

gases, which determines the analytical instrument's sensitivity to unknown concentrations.

3.20 Sample Bag—A container made of nonabsorbent material, used to collect ambient and exhaust samples.

3.21 Sample Cell—That portion of the analytical instrument through which the sample gas being analyzed passes.

3.22 Sampling, Bag—A technique for collecting a sample of exhaust gas during a period of a test cycle and storing

it for future analysis.

3.23 Sampling, Continuous—A technique in which a portion of the exhaust is continuously withdrawn for

immediate grratysis:

3.24 Span Gas—A single calibrating gas blend routinely used to adjust the calibration of an“analyzer just prior to its

use.

3.25 Test Cycle+A sequence of engine or vehicle operating modes, usually designed t6 simulatg road usage of the

vehicle.

3.26 Zero Gas (4ero Air)—A pure gas, such as nitrogen or air, used to determine the zero point of an analyzer's

response cyrve.

4. Emissions Sampling Systems

41 Continuous (Undiluted Exhaust Gas)—Figure 1 shows” a typical sampling system fqr the continuous

measurement of exhaust-gas products emitted from the tailpipe of a vehicle. Such a system|generally consists
of sample pfobes, sample lines, coolers, particulatg;filters, positive displacement pumps, flow regulators and
flow meters)and desiccators.

411 SAMPLE PROBE—The sample probe is thetinlet to the sample system. It is recommended|that this probe be
constructgd of stainless steel tubing typically 6 mm (0.25 in) OD; it is usually part of a fixture which adapts to
the end of the tailpipe of the vehicle.~To minimize induction of ambient air, the end of the |probe is extended
into the tgilpipe 30 to 45 cm (12'to 18 in) (if possible). The most desirable probe location is parallel to the

exhaust fl
used with
arrangem
probe fixt
into the p
(see SAE
probe and

bw, facing upstream.) The sample probe fixture may slip over the outside of t
either a flexible adaptor (silicone rubber) or thermosetting-fiberglass-backed ad
bnt provides aiseal which does not allow dilution of the exhaust gas with ambient
re should-also allow for unrestricted exit of the remaining exhaust gas (that wh
be) to_éither an exhausting system or another test apparatus such as a consta
J1094) . A valve should be located at or near the tailpipe fixture to allow purgd
the\rest of the analysis system with prepurified dry nitrogen gas or clean, dry g

he tailpipe and be
hesive tape. This
air. Design of the
ch is not inducted
Nt volume sampler
ing of the sample
ir. The test probe

for engine

dynamnmnfnr faning should be located to apprm{imafn the Qampling location in

an actual exhaust

system of

the vehicle.

In work with single-cylinder engines, or with the exhaust of a single cylinder of a multicylinder engine
operating over a transient duty cycle, the proper probe location is difficult to define because of a varying
degree of stratification of the concentrations of the various exhaust products which exist along the length of

the exhau

st pipe.


https://saenorm.com/api/?name=48177296930ec0c91754484ded9dd30e

SAE J254 Stabilized JUN2011 Page 5 of 20
VENT
SFM1
AIR VENT
PURGE BFM
COOLER 1
BATH acv
F1 P :
==
TOV J‘%E: FUEL 2ero SFM2
BFM NITROGEN AIR
1 2 SFCV2
TAIL PIPE F2  sP2 acv co
SAMPLE 2 2
PROBE SFM3
[ TOV J—
B8FM NITROGEN
2 3 SFCV3
8scv
F3 sr3 3 92
3
SFM4
N2 PURGE TOV
B8FM NITROGEN
3 4 SFCva
F4  SPe . P2
TOV s4
A
wrmogEn cpuveTen
B srs /NOX [ gpg
BCV =BYPASS ROL VALVE TOV BFM SFCVS
BFM = BYPASS FLOWMETER &
8» =BYPASS (3 agv SFue [— e
F  =PARTICULATE FILTER -
S <=SPANGAS
TRAP A
SFCV = SAMPLE FLOW CONTROL VALVE DRAIN iR sino AIR Z:II:‘O
SFM = SAMPLE FLOWMETER BACKFLUSH AR (OZONATOR)

SP = SAMPLE
TOV = TRAP DRAIN VALVE
VP = VACUUM

FIGURE 1—A CONTINUOUS UNDILUTED EXHAUST GAS ANALYSIS SYSTEM

SAMPLE LINE—The sample(line carries the exhaust gas inducted into the sample probe o the condensers
which are|usually located:close to the analysis system. This line is typically 6 mm (0.25 |n) OD and should
be made ¢f stainless steel or Teflon (or equivalent). Teflon tubing with a flexible outside prgtective covering is
recommended because it practically eliminates the hang-up from this part of the sampling system. If the ID
is 6 mm (0.25 jn),.it can easily be joined to 6 mm (0.25 in) OD stainless steel tubing. [The length of this
sample lirle should be kept to a minimum, since its length is directly related to the delay| time of the entire
system; irf many cases, it will be found to be responsible for the major portion of the delay time. Excessive
delay times usually result when the line from the sample probe to the cooler is too long, or the sample flow
rate is too low. Room restrictions may prohibit the use of short sample lines; therefore, other means, such as
increasing the sample flow rate or simply determining the extent of the delay and accounting for it when
processing the data, may have to be used. All tubes connecting the various components of the sampling
system should be either stainless steel or Teflon, and should also be as short as possible.
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415

417

4.2

CooLER—The cooler condenses and removes the water contained in the exhaust gas sample. This is
required because many analyzers have a strong response to water vapor, and also to prevent condensation
of water in the analyzers.

There are a number of acceptable cooler configurations. Two types which have proved effective are the ice-
bath cooler and the refrigerated-water bath. Both of these utilize a cooling coil of 6 mm (0.25 in) OD
[uncoiled length is approximately 3 m (10 ft)] which empties into a trap with a volume not to exceed 60 to 80
cm? (4to5 in3) for each leg of the analysis system. Figure 1. A drain and toggle valve are provided to
remove the water collected in each trap. The cooling coils are usually clustered in a common, insulated
chest which can be filled with ice and water, or a water glycol solution, which can be kept near 2 °C (36 °F)
with an electrlcally powered refrlgeratlon system. Keeping the coolant slightly above 0 °C (32 °F) eliminates
(Corrections for

t f nnnnnn thao tran D paivar in thao coolant haoline o manintain A A etant fara i Aradb
water freegirg-nthe-trap—A-mixerinthe-coolant-helps-to-maintaina-constanttemperattrg.

water rempved may be needed. See Section 6.)

SAMPLE FI
fixture of Igpw internal volume should be used (one in each leg of the sample system, Figure
particulate matter which may be present. These filters also tend to stop water dropletg
passed the cooler. Contaminated filters can result in excessive hanguprand should be ¢
(as often gs each test, and if experience indicates the need, even during a test).

| TER—Borosilicate glass fiber filters of approximately 7 cm in diameter with an appropriate holding
1), to remove any
which may have
hanged frequently

SAMPLE PUMPs—A pump that supplies a constant flow rate (typically 20 L/min with pumplinlet and outlet at

atmosphe
then push

ic pressure) can be used in each leg of the analysissystem to pull the sampile fi
the sample through the analyzer. Arrangements with a single-sample pump are

minimize

Carbon vgne or piston pumps which may introduce ashydrocarbon lubricant into the sam

avoided.

the connegting sample lines and analyzers. An effective means of accomplishing this is to

Teflon tubi
the pump

FLow CoN

as it can through the sample system'te reduce the lag time required to move the sampile f

the analy
Immediatg
remaining
valve (stai
stainless 4
used simu
emissions

angup, pumps with stainless steel metal bellows’ or Teflon coated diaphragms
he pump and motor should be mounted to eliminate the transmission of mecha

g (stainless steel braided for safety),to carry the sample gas to and from the py
hnd motor with shock mounts. Small mechanical vibration of the analyzers may

TROL AND MEASUREMENT—The ’pump for each analyzer should be allowed to pu

er. An optional medns ‘of increasing the sample flow rate is to use a san
5 L/min proceeding through the analyzer. The bypass flow is regulated by an
hless steel), and-monitored with a rotameter-type flowmeter with at least 10 L/mi
teel or inertymaterial float. [High sample rates for raw (undiluted) exhaust anal
Itaneously.with dilute CVS-type analysis, as the raw sample flow will cause an
obtained from the CVS calculations.]

om the probe and
also possible. To
5 should be used.
ple gas are to be
nical vibrations to
use short, flexible
mp, and to isolate
affect their output.

| as much sample
rom the tailpipe to
nple flow bypass.

ly following each pump, a bypass line allows sample gas to be dumped to a waste system with the

adjustable needle
n capacity using a
sis should not be
error in the mass

Extreme ¢

pre-must be taken to assure that all sample system connections are leak free.

Emissions Sampling Systems--Bag Analysis—These tests yield average emission values for various
periods of a complete test by a single measurement of each bag sample. The analysis can determine whether
a vehicle will pass surveillance or compliance tests. SAE J1094 describes this technique. Figures 2 and 3
show a six-bag sample gathering system and an analytical system, respectively.
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FIGURE 2—A REPRESENTATIVE SIX-BAG EMISSIONS SAMPLE GATHERING SYSTEM
(CONSTANT VOLUME SAMPLER)
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FIGURE 3—A REPRESENTATIVE ANALYTICAL SYSTEM FOR SAMPLE BAG MEASUREMENT

In this constant volume (variable dilution) proportional sampling technique, a sampling pump draws a constant
volume flow rate, for example, 8.5 mS3/min (300 scfm). This flow consists of the total exhaust of a vehicle with
the remainder made up of dilution air. The technique allows for monitoring of continuous emissions on a mass
basis and also, with the addition of a second pump, provides an aggregate total mass sample from a vehicle

operated through an entire test cycle.
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5. Emissions Analyzers
5.1 Nondispersive Infrared Analyzer—NDIR analyzers shown in Figure 4 are primarily used to determine

5.1

concentrations of CO and CO5 in exhaust gas. Although not recommended, NDIR analyzers can also be used

to measure NO and HC.
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FIGURE 4—THREE NONDISPERSIVE INFRARED ANALYZERS SHOWING DIFFEREN] DESIGNS

.1 THEORY—The NDIR analyzer detects\the infrared energy absorption differential betWrIen two gas-filled
The gas whose concentration is to be determined is flowed through the sa

columns.

USED TO MINIMIZE THE:EEFFECTS OF INTERFERING GASES

ple column. The

reference column is filled with asnonabsorbing gas such as dry air. In a nondispersive instiument, no attempt
is made td separate the infrared energy into discrete wavelengths, but rather to make use gf the principle that
gas moledules absorb discrete bands of infrared energy.

The infrar¢d radiation\s passed through the sample and reference columns into a detector that has two cells
which are|physically-separated by a flexible, metal diaphragm. These two detector cells| contain the same
gas that ig to béanalyzed. When the gas in the detector receives infrared energy, the pregsure increases in

that cell bgcause the absorbed energy heats the gas. With no infrared absorbing gas in the sample column,
both cells lefthe-detector+eceive-the-same-amount-of-energy-and-thepressure-inthetwo cells is identical.

However, if a gas sample is flowing in the sample column, some of the infrared energy will be absorbed by
the gas. This means less energy will arrive at the sample cell side of the detector and the pressure in that
cell will be less. This will cause the flexible metal diaphragm to move. The metal diaphragm is used as one
plate of a variable plate capacitor in a tuned electric circuit.

To make the diaphragm oscillate, thus creating a detector output signal, a chopper blade driven by a
synchronous motor periodically interrupts the sample and reference energy beams in the range of 5 to 10
Hz. In some cases, the 5 to 10 Hz signal can modulate a carrier frequency of 10 MHz or so, which is

demodulated to obtain a DC signal that is more practical.

The amplitude of the diaphragm oscillation, which

is a measure of the concentration of the gas, is converted from a variable capacitance into an AC signal,
amplified, and synchronously rectified to give a DC output signal.
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INTERFERENCES—Since exhaust gas is a multicomponent gas mixture, several gases in it may have
absorption bands that overlap the absorption bands for CO and CO,. To make an NDIR analyzer insensitive
to interfering gases, an optical filter, or a cell charged with the interfering gas, may be used to filter out
unwanted portions of the infrared absorbing spectrum.

Various sample detection system configurations have been used to alleviate undesirable interference signals
occurring in the low CO concentration ranges. Individual design variations are described in 5.1.3.

ANALYZER DESIGN VARIATIONS—The analyzer shown in Figure 4A produces infrared radiation from two
separate energy sources. This radiation is beamed separately through a chopper. The beams pass through
a combination filter cell and optical filter assembly that reduces the interference effects of water vapor and
other interfeting-gases-

The analyzer shown in Figure 4B has dual collimated infrared radiation sources The response of the
detector tg other infrared absorbing components in the sample stream is minimized by the| stacked nature of
its construction. The detector has two sets of chambers. The infrared beams enter the first set of chambers,
pass throygh them by means of a transparent bottom into the second set of chambers. The signal detected
in the first| chamber consists of a large part of the IR absorption signal ofithe component$ of interest in the
sample stfeam and a small part of the IR absorption signal of the othér components. The second chamber
signal proyides a much lower-level absorption signal of the component of interest, but approximately the
same signal from the interfering components. The interferingygas signal from the |ower chamber is
electronically subtracted from the upper chamber signal of interest. To further minimize interference, optical
filters are |placed in front of the detector to cut out those IR\beams in the radiation sourges which are not
necessary| for detecting the IR absorption of the component™of interest.

Infrared spurce imbalance is eliminated through use of a single radiation unit in the CO @nalyzer shown in
Figure 4C| The two measurement chambers of the' detector are in series in the combined ray path and are
connected via channels to the detector diaphragm. The absorption spectrum of the|gases is a band
composed of a number of absorption lines) In the shorter, front-measuring chambef of the detector,

Page 10 of 20

absorption
presentin
chamber.

it can be n

In any of
gas senso

CALIBRATI
analyzer t
45, 60, 75

of the radiation takes place primarily in the center of the absorption band as it
the sample cell. Radiation-inithe outer edges of the band is absorbed in the long
Since absorption by interfering species falls in both the center and edges of the
early eliminated by subtraction of signals from the front and rear chambers.

he previous configurations, the oscillating-diaphragm detector could be replac
r.

have valug

does when CO is
er rear measuring
arious CO bands,

ed by a microflow

DN—Theninstrument is calibrated by passing several gases of known concentrations through the
b establish a response curve as shown in Figure 5. Gases with nominal concer
and’90% of the maximum level on a given analyzer range should be used. Th

trations of 15, 30,
ese gases should

Jjases. In addition,

the response curve must be smoothed to the callbratlon data pomts by using a suitable curve fitting
If any point does not fall on a smooth curve, it must be considered suspect; that calibration
standard gas should not be used until its concentration can be verified. Cylinder contamination, mislabeling,
or some other reason may have resulted in an error.

technique.
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FIGURE 5—TYPICAL NDIR ANALYZER RESPONSE.CURVES
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515 cell is generally at

CELL PRE$SURE—AN NDIR analyzer output depends upon the cell pressure. Since the
atmosphefic pressure, changes in atmospheric pressure bhetween the main calibration and the sample
readings Ire corrected with a span gas prior to the reading? Maintaining constant flow rates of the sample
gases throughout the sample system will generally insute that the span and sample readings are made at

the same pressure.

The exhadist of the emission analyzer should b& plumbed to the laboratory exhaust systefn and then vented
freely intol the exhaust system. This plumbing must not put any significant back pressufe on the analyzer
cell. Carg must be taken to avoid conditions at the analyzer sample gas outlet that could ¢reate variations in

5.1.7

the back
variation
pressure

SPEED OFRESPONSE—The{ speed of response of NDIR instruments is usually limited
sample-cgll volume, and\the time constant of the electronics.
modern irfstruments_is‘generally adequate. However, the speed of response is related
sensitivity
increased|to permit more of the energy to be absorbed in the sample. This means that as

ressure to the sample cell=~Pressure variation in the sample cell causes a s
hich directly affects the analyzer output. If outlet pressure variations exceed {
egulator may be required.

The electronic ampilifi

In order_to be able to detect low concentrations, path length, and therefg

hmple-gas density
mm H-,0, a back

by flow rate, the
cation supplied in
to the instrument
re, cell volume is
the cell volume is

increased| the flow must be increased to maintain the same speed of response.

REsPONSE—The response of NDIR CO and CO, instruments is nonlinear due to energy absorption
characteristics as approximately described by Beer's law Figure 5. The output of the instrument can be
made linear using appropriate linearizing circuits. Beer's law states that the exponential output signal, E, is
related to the sample gas concentration, ¢, by the expression;

E=A(1-e™*™) (Eq. 1)
where A is the amplification factor, k is the gas absorption factor for a particular gas, and x is the length of the
sample cell. This expression is useful in qualifying an instrument, but because of detector characteristics
and characteristics of the signal conditioning by the electronics, it should not be used in place of a multipoint
calibration. Even with linear instruments, at least 6 calibration gases spread evenly over each range of the
instrument must be used to verify the linearity of the instrument.
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5.2

5.2.1

522

SIGNAL NoISE—Noise is the unwanted part of the signal that degrades instrument accuracy. Noise can be
caused by many things, but the most common are:

Cell misalignment

Low detector signal output

Dirty cells

Poor electrical connections

Improper chopper blade alignment and synchronization
Pressure fluctuations from changes in flow rate

~0 o0 oo

Connecting an active filter between the first stage of signal amplification and the phase inverting network of
the analyzer signal conditioner reduces the noise level considerably with little effect on response time. Care

should betaken when making this type of modification.

Flame lonization Detector—Hydrocarbons—The flame ionization detector (FID) is.used tg measure the total
hydrocarbor| content of complex-hydrocarbon mixtures on a carbon-mass basis() Fhis measurement can be
converted td a hydrocarbon-mass basis by assumption of a specific carbon to hydrogen ratiq.

DESCRIPTIDN—The burner of a typical FID is similar to that shown in“Figure 6. A small stream of fuel,

hydrogen diluted with an inert gas, is premixed with the sample gas @nd burned at the outlet of the jetin a
diffusion flame with air.

COLLECTOR

— BURNER JET

POSITIVE SIGNAL LEAD AIR INLET

FUEL INLET Q OSAMPLE INLET

FIGURE 6—TYPICAL BURNER OF FLAME IONIZATION DETECTOR

The FID operates on the principle that the introduction of a gas sample containing hydrocarbon into a
hydrogen diffusion flame will increase the concentration of ions within the flame. This increase in ionization
is almost directly proportional to the mass flow rate of carbon atoms into the flame. A DC voltage between
the burner tip and a collector electrode, which surrounds the flame, collects the ions within the flame, causing
current to flow through the associated electronic measuring circuits.

INTERFERENCES—Under normal operating conditions, a FID has no significant response to any non-organic
carbon constituent found in exhaust gas. The presence of O, in the sample, though, can interfere with the
accuracy of the hydrocarbon measurement.
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RELATIVE RESPONSE—To obtain accurate analysis of complex hydrocarbon mixtures, it is necessary that the
FID response to each carbon atom in the sample be the same as the single hydrocarbon calibration gas, i.e.,
uniform relative response. The presence of O, in the sample can cause the relative responses of the various
sample gas hydrocarbon constituents to differ substantially from that of the calibration gas. It has been
suggested that this is due to preflame oxidation of the hydrocarbons at the core of the flame which prevents
later ionization. Since the ease of oxidation of a hydrocarbon is different for each species, preferential
oxidation takes place, which results in differing sensitivities for each hydrocarbon, i.e., nonuniform relative
response. Several investigators have shown that more uniform relative response can be obtained by the
following steps.

a. Maintain sample flow rate to the FID burner at a minimum to reduce the O, concentration within the
corgof theftameavaitableforpreftarmeoxidatio:

b. Use high fuel flow rate to the FID burner to dilute any O, entering with the samplg,Jagain reducing the
O, ¢oncentration.

c. Useg Ho-He mixed fuel instead of H>-N, fuel. Since the fuel type changés, the regponse to various
hydfocarbons, it is important to use the specified fuel in complying with governmental standards.

d. SeITct a calibration and zero gas with an oxygen content approximating that of [the sample to be
analyzed, as this will tend to normalize the relative response between-sample and span gas.

Because gample, fuel, and air flow rates affect the uniformity of relative response of a FID to the various
exhaust hydrocarbons, good correlation between FID's of the same model will occur only when their flow
rates are |[the same. To establish correlation between dissimilar FID's, it may be necessary to actually
determineltheir relative response to several major hydrocarbon species and normalize them by adjustment of
sample, fliel, and air flow rates for equal relative response. As an initial guide in setting flow rates, the
following is recommended:

a. Sample Flow —3to 5 cm3/min
b. Fue] Flow — Adjusted for maximum response
c. Air Flow — 3-1/2 to 4 times the fuel flow rate

The respdnse of the FID to the carbon, in‘oxygen-containing organic compounds (such ag alcohols, ethers,
and aldehydes) will usually be less than to the carbon in hydrocarbons.

ViscosITY—The response of antFID is directly proportional to the volumetric sample flow|to the FID burner.
Therefore| a stringent control-of sample flow rate is mandatory. Because most FID's use a pressure-
regulated [capillary flow centrol system, the sample flow to the burner is dependent on both sample pressure
and viscosity. Any change in sample viscosity will, therefore, result in an inversely propprtional change in
apparent feading, though pressure has remained constant. It is, therefore, necessary t¢ use a calibration
gas whosp viscosity approximates that of the sample being measured. In actual practice, this is usually
neglected|because the erroris small.

OPERATION=— i Wi i t of hydrocarbon
concentrations over a very wide dynamic range—commonly several orders of magnitude. To best optimize
the accuracy of measurements, especially when using FID ranges of 300 ppmC (C = carbon atoms) or less,
the following guidelines are recommended.

Fuel and Air—Many problems are caused by impurities in the gases and/or lack of cleanliness of regulator
and external connecting tubing. The utmost care should be exercised to insure that tubing, fittings, and
regulators are not only clean upon installation, but that they remain clean during use. Contaminated
burner air is a common cause of high background noise level. Consequently, the use of pure air of less
than 3 ppm hydrocarbon impurity is recommended for low level hydrocarbon measurements. An elastomer
diaphragm regulator may be used for the burner air, but should be LOX-service cleaned. The hydrogen
fuel gas must be essentially hydrocarbon-free, i.e., less than 1 ppmC. A metal diaphragm LOX-service
cleaned fuel regulator is required. It is also important that supply gases and lines be maintained at a
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5.3

5.31

Chemiluminescent NO, Analyzer—The chemiluminescent (CL) analyzer (Figure 7) car
direct measurement of oxides of nitrogen (NOy) concentrations in continuous or bag s
analyzer mgasures only the concentrations of\nitric oxide (NO) in a gaseous sample. By
efficiency cqg
(NO + NO»)

THEORY—The analyzer measures. the light from the chemiluminescent reaction of NO

hydrocarbons which will appear as analyzer drift.

Calibration Gases—As with the fuel and air, care should be exercised to insure that all
regulators used with the calibration gases are contamination-free. LOX-service cleaned
regulators are especially recommended for low concentration (less than 300 ppmC) cali
the zero gas.

lines, fittings, and
, metal diaphragm
bration gases and

As discussed previously, it is important that the calibration and zero gases have approximately the same

oxygen content and viscosity as the sample gas.

Sample
transit time. Sample line, fittings, filters, and pumps should be constructed of stainle
Samplejsystem cleanliness is extremely important. Contamination, such as scale, grea
will not|only contribute to high sample backgrounds, but absorption of sample hyd
contamipation will retard the sample and increase response time. A particulate filter
prevent [blockage of the fine capillary used to control sample flow. Samples with a dew
temperature, such as tailpipe exhaust, must be dried to prevent condensation of water
The usqg of a heated FID, which allows heating of both internal and*external sample lin
for water removal.

Response Curve—Typically, an FID requires calibration with' a zero gas and with onl
compongent, calibration gas at full scale, since response.is generally linear with carb
sample.| However, this should be verified for each FID because some instruments at cerf
nonlinegr and require a response curve.

nverter that changes any nitregen dioxide (NO») present into NO, the total cor
present can also be determined.

gaseous sample to be measured'is blended with dilute O5 in a reaction chamber, some of

exists in a
according

N excited state (NOz*). The excited NOz* can return to its ground energy state by
to the following:equations:

NO + 03—-)N02* + 02

N02*—> N02 + hV

minimize sample
5s steel or Teflon.
se, or fingerprints,
rocarbons by the
should be used to
point above room
within the system.
es, eliminates the

¥y one other, one-
on content of the
ain conditions are

be used for the
amples. The CL
the use of a high-
centration of NO,

and O3. When a
the NO, produced
emitting a photon

(Eq.2)

(Eq. 3)
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GENERATOR
er }|( )'( c2 | PHOTO- L-J
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[
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NV - NEEDLE VALVE £M — FLOW METER
G - GAUGE C - CAPILLARY 4 ? J%
PR — PRESSURE REGULATOR — G3 3

SHOWING A LOW PRESSURE TYPE(LEFT)

AND AN ATMOSPHERIC.PRESSURE TYPE (RIGHT)

FIGURE 7—SCHEMATICS OF TWO CHEMILUMINESCENT ANALYZERS

In the prTsence of an excess of O3, theclight emitted by this specific reaction is proportional to the

concentra

ion of NO. This light can be detected by an optical filter-photomultiplier combingtion to produce an
output which is essentially linear with\respect to the NO concentration of the sample.

To measure the

concentrafion of NO, in a sample, a‘converter which converts NO, into NO at high efficiefcy is inserted into
the input §ample flow stream.

CALIBRATIDN—Since the CL—analyzer produces an essentially linear response with respect to NO
concentration of the sample, a two-point calibration (at zero and full scale) is required.

However, linearity

should be|verified perioadically. Some CL instruments may be nonlinear, and may require] a response curve

with known gases(having nominal concentrations equal to 15, 30, 45, 60, 75, and

90% of full-scale

concentrafion. Calibration gases should consist of a known mixture of NO with nitrogen ap the balance gas.
The actudl concentration should be known to within + 1% of the true values. Zero—gradT nitrogen or zero-

grade air

hall be used to obtain zero response of the CL analyzer.

No, CONVERTER EFFICIENCY DETERMINATION—Periodically, the efficiency of the NO, converter should be

measured using the apparatus illustrated in Figure 8 to determine the NO, to NO conversion efficiency.
Efficiency checks should be made using an NO span gas concentration appropriate to the instrument range
to be used. Appropriate adjustments to the converter temperature should be made to obtain converter

efficiency between 97 and 100%.

Equation 4.

The following procedure is to be used for determining the values for
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GURE 8—NOy GENERATOR FOR CONVERTER EFFICIENCY DETERMINAT]
ch the NO/N, supply at C2, the O, supply at C1 and the analyzer inlet\connectig

tate control of the NO, generated during Step d and to minimize'the fire hazard

the variable transformer off, place the NO, converter in the\bypass mode ar
n valve V2 until sufficient flow and stable readings are obtained at the analyzer.
yzer output to indicate the value of the NO concentrationdeing used. Record th
n valve V3 (on/off flow control solenoid valve for Os)\and adjust valve V1 (O
p) to blend enough O, to lower the NO concentration (b) about 10%. Record thi
on the ozonator and increase its supply voltageountil the NO concentration o
it 20% of (b). NO, is now being formed from the NO + O, reaction. There must
unreacted NO at this point. Record this concentration.

ON

n to the efficiency

ctor at C3 as shown in Figure 8. At low concentrations of NO, air may be used in place of O, to

d close valve V3.
Zero and span the
is concentration.

b supply metering
5 concentration.

f (c) is reduced to
always be at least

e. When a stable reading has been obtained from (d), place the NO, converter in the converter mode.

The
f.  Turn
thro
step
g. Clog
the
equ

VISCOSITY

analyzer now indicates the total NO, concentration. Record this concentration.
off the ozonator and allow the analyzer reading to stabilize. The mixture NO +
Ligh the converter. This reading is-the total NO, concentration of the dilute NO
(c). Record this concentration.

e valve V3. The NO concentration should be equal to or greater than the readin
efficiency of the NO, converter by substituting the concentrations obtained durir
btion:

[(3)-(4)]-[(6)-(5)]

100%
[(3-@]

% Efficiency =

—The response of a CL analyzer is directly proportional to the volumetric sam

0, is still passing
span gas used at

g of (b). Calculate
d the test into the

(Eq. 4)

ple flow to the CL

analyzer fleaction”chamber, making stringent control of sample flow rate mandatory. Because most CL
analyzers |uSe)a pressure-regulated capillary flow control system, the sample flow to the rgaction chamber is
dependenton both sample pressure and vViscosity. Any change in sample viscosity wilt result in an inversely

proportional change in apparent reading, though pressure has remained constant. It is necessary to use a
calibration gas whose viscosity approximates that of the sample being measured.
5.3.5 OPERATION—Prior to use, the CL analyzer should be calibrated with gases of known concentration. Pass
zero gas through the analyzer and adjust the dark current suppression or amplifier zero control for zero
instrument response. A known concentration of NO span gas is then applied and the photomultiplier high
voltage supply or the ampilifier gain is adjusted for the proper corresponding instrument response.
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