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Definitions

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

analysis.

Calibrating Gas—A precisely analyzed gas of known concentration, used to determine the response curve of

an analytical

instrument.

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

Chassis Dynamometer—A laboratory-power absorption unit, capable of simulating the inertia and road-load

ped by a vehicle

power devel

Cooler—A d
at2°C +1 °(

Curb Weight
optional equi

Detector—T

Driver's Aid-
the specified

Exhaust Em
opening dow

Flame loniz4
concentratior

Hang-up—T
surface of th
analyzer, foll

Inertia Mass
vehicle.

Loaded Veh

purpose of emissiontesting, it is the curb mass of a light-duty vehicle plus 136 kg (300 Ib).

Lox-Service

bvice capable of sufficient refrigeration to maintain condenser temperatureshin t
L (35 °F + 2 °F).

—The weight of the vehicle in operational status, with all standard and co
bment, and the gas tank filled to nominal capacity.

hat component in an analytical instrument which responds t@)a particular exhaus

—An instrument intended to guide the vehicle driverinvoperating the vehicle in
acceleration, idle, deceleration, and cruise operating modes of a specific driving

ssions—Any substance (but normally limited#o pollutants) emitted to the atm
hstream from the exhaust point of the combustion chamber of an engine.

ition Detection Analyzer (FID)—An_\analytical instrument used for determi
of hydrocarbons in a gas sample.

ne absorption-desorption of<sample (mainly higher molecular weight hydroc
pwed by higher readings in subsequent tests.

es—A series of notating masses on a chassis dynamometer, used to simulate t

cle Mass—The manufacturer's estimated mass of a vehicle in operating co

Cleaning—Process where sampling system plumbing is cleaned thoroughly

ne analytical train
mmonly installed
t gas constituent.
accordance with
procedure.

sphere from any

hing the carbon

arbons) from the

b sample system that can\cause a delay in instrument response and lower cocentration at the

ne test mass of a
For the

ndition.

prior to flowing

liquid oxygen (LOX). Hydrocarbon contamination is removed by rinsing with a solvent that will not generate

emission con

stituents.

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

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

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

Reference Cell—That portion of the NDIR instrument which contains the reference gas for comparison with

the sample.



https://saenorm.com/api/?name=01706a9545b7589ae9030b3c23894048

SAE J254 Revised SEP93

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

4.1

41.1

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.

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

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

Sampling, Bag—A technique for collecting a sample of exhaust gas during a period of a test cycle and storing
it for future analysis.

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

immediate an

alysis

Span Gas—
use.

Test Cycle—
vehicle.

Zero Gas (Z¢
response cur

Emissions §

Continuous
measuremen
of sample pr
flow meters,

SAMPLE PR
constructe

A\ single calibrating gas blend routinely used to adjust the calibration of an analy2
A sequence of engine or vehicle operating modes, usually designed to,simulate
bro Air)—A pure gas, such as nitrogen or air, used to determine the zero poin
ve.

ampling Systems

(Undiluted Exhaust Gas)—Figure 1 showsZa typical sampling system for
t of exhaust-gas products emitted from the tailpipe of a vehicle. Such a system ¢

bbes, sample lines, coolers, particulate filters, positive displacement pumps, flg
hnd desiccators.

of stainless steel tubing, typi¢ally 6 mm (0.25 in) OD; it is usually part of a fixtur

the end of the tailpipe of the vehicle. \T6 minimize induction of ambient air, the end of the |
into the tailpipe 30 to 45 cm (12 to 18 in) (if possible). The most desirable probe location
exhaust flow, facing upstream~The sample probe fixture may slip over the outside of th
used with gither a flexible adaptor (silicone rubber) or thermosetting-fiberglass-backed adh
arrangemept provides a séal-which does not allow dilution of the exhaust gas with ambient
probe fixtufe should alse-allow for unrestricted exit of the remaining exhaust gas (that whi
into the prdbe) to either an exhausting system or another test apparatus such as a constan|
(see SAE J1094).~A valve should be located at or near the tailpipe fixture to allow purgi

probe and fhe rest of the analysis system with prepurified dry nitrogen gas or clean, dry aif.

er just prior to its

road usage of the

of an analyzer's

the continuous

enerally consists
w regulators and

OBE—The sample probe is the.inlet to the sample system. It is recommended that this probe be

e which adapts to
robe is extended
is parallel to the

e tailpipe and be
esive tape. This

hir. Design of the

h is not inducted

t volume sampler

hg of the sample

The test probe

for engine glymamometer testing should be located to approximate the sampling 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 mu

Iticylinder 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 al
the exhaust pipe.

ong the length of
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IGURE 1—A CONTINUOUS UNDILUTED EXHAUST GAS ANALYSIS SYSTEN
4.1.2 SAMPLE LINE—The sampleline carries the exhaust gas inducted into the sample probe t¢ the condensers
which are yisually located close to the analysis system. This line is typically 6 mm (0.25 i) OD and should
be made of stainless'steel or Teflon (or equivalent). Teflon tubing with a flexible outside protective covering is
recommengled bécause it practically eliminates the hang-up from this part of the sampling system. If the ID
is 6 mm (d.25\in); it can easily be joined to 6 mm (0.25 in) OD stainless steel tubing. The length of this
sample ling_should be kept to a minimum, since its length is directly related to the delay fime of the entire

system; in 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, o

r 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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41.4

4.1.5

4.1.6

4.1.7

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 refrlgerat|0n system. Keeping the coolant slightly above 0 °C (32 °F) eliminates
(Corrections for

ER—Borosilicate glass fiber filters of approximately 7 cm in diameter withyan ap
internal volume should be used (one in each leg of the sample system;-Figure
These filters also tend to stop water droplets
. Contaminated filters can result in excessive hangup anhd should be ctanged frequently

propriate holding
1), to remove any
which may have

SAMPLE FI
fixture of lo
particulate [matter which may be present.

nlet and outlet at
bm the probe and
also possible. To
should be used.
ble gas are to be
he pump and motor should be mounted to eliminate the transmission of mechapical vibrations to
[ ise short, flexible

nd motor with shock mounts. Smallymechanical vibration of the analyzers may affect their output.

FLow CoNTROL AND MEASUREMENT—Thepump for each analyzer should be allowed to pul| as much sample
as it can through the sample system toreduce the lag time required to move the sample frpm the tailpipe to
the analyzer. An optional means of increasing the sample flow rate is to use a saniple flow bypass.
Immediately following each pump;-a bypass line allows sample gas to be dumped to a wastg system with the
remaining b L/min proceedirig,through the analyzer. The bypass flow is regulated by an adjustable needle

valve (stairjless steel), andumonitored with a rotameter-type flowmeter with at least 10 L/mir]
stainless steel or inert¢naterial float. [High sample rates for raw (undiluted) exhaust analy
used simulfaneouslyl with dilute CVS-type analysis, as the raw sample flow will cause an

capacity using a
sis should not be
error in the mass

emissions pbtained from the CVS calculations.]

Extreme cdre-nust 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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(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 m3/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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Emissions Analyzers

Nondispersive Infrared Analyzer—NDIR analyzers shown in Figure 4 are primarily used to determine

concentrations of CO and CO, in exhaust gas. Although not recommended, NDIR analyzers can also be used
to measure NO and HC.
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DETECTOR

FLEXIBLE DIAPHRAGM
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—THREE NONDISPERSIVE INFRARED ANALYZERS SHOWING DIFFERENT]
USED TO MINIMIZE THE.EFFECTS OF INTERFERING GASES

he NDIR analyzer detects\the infrared energy absorption differential betwe
The gas whose concentration is to be determined is flowed through the sam
olumn is filled with a nénabsorbing gas such as dry air. In a nondispersive instru
Separate the infrared energy into discrete wavelengths, but rather to make use of
les absorb discréte bands of infrared energy.

0 radiation is‘passed through the sample and reference columns into a detector
physically\separated by a flexible, metal diaphragm. These two detector cells
fo beanalyzed. When the gas in the detector receives infrared energy, the pres

both cells ¢f the detector receive the same amount of energy and the pressure in the two

cauSe-the absorbed energy heats the gas. With no infrared absorbing gas in thg

REFERENCE CELL
HLLED WITH NITROGEN

[ION A—A

pa—TO AMPLIFIER
CONTROL UNIT

STATIONARY
METAL SUTTON

DESIGNS

en two gas-filled
ble column. The
ment, no attempt
the principle that

that has two cells
contain the same
sure increases in
b sample column,

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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5.1.3
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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 interfering gases

The analyzer shown in Figure 4B has dual collimated infrared radiation sources.~ The
detector to|other infrared absorbing components in the sample stream is minimized'by the
its construgtion. The detector has two sets of chambers. The infrared beams enter-the first
pass through them by means of a transparent bottom into the second set of chambers. Th
in the first thamber consists of a large part of the IR absorption signal of-fhie components
sample str¢gam and a small part of the IR absorption signal of the other.components. The
signal provides a much lower-level absorption signal of the componént of interest, but &
same signpl from the interfering components.
electronically subtracted from the upper chamber signal of interest/ To further minimize int

filters are
necessary

Infrared so
Figure 4C.
connected
composed
absorption

present in fhe sample cell. Radiation inithe outer edges of the band is absorbed in the longg

chamber.
it can be ng

In any of t
gas sensor

CALIBRATIO
analyzer to
45, 60, 75,
have value

laced in front of the detector to cut out those IR<beams in the radiation sourg
for detecting the IR absorption of the componentef interest.

urce imbalance is eliminated through use 6f*a single radiation unit in the CO 4
The two measurement chambers of the-detector are in series in the combined
via channels to the detector diaphragm. The absorption spectrum of the
of a number of absorption lines:y In the shorter, front-measuring chamber
of the radiation takes place primarily in the center of the absorption band as it

Bince absorption by interfering species falls in both the center and edges of the v
barly eliminated by subtraction of signals from the front and rear chambers.

ne previous configurations, the oscillating-diaphragm detector could be replace

establish*a response curve as shown in Figure 5. Gases with nominal concen
and-90% of the maximum level on a given analyzer range should be used. Th
5 traceable to National Institute of Standards and Technology (NIST) reference g

response of the
stacked nature of
set of chambers,
e signal detected
of interest in the
second chamber
pproximately the

The interfering-gas signal from the lpwer chamber is

erference, optical
es which are not

nalyzer shown in
ray path and are
jases is a band
of the detector,
Hoes when CO is
Br rear measuring
arious CO bands,

d by a microflow

N—The instrument is calibrated by passing several gases of known concentra(ions through the

rations of 15, 30,
bse gases should
hses. In addition,

the response curve must be smoothed to the calibration data points 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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readings a
gases thro
the same p

The exhau
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the back p
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sample-cel
modern ing
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increased,

© l el
E w0 s
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s L | g
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20 /
Oo 2 L} 6 8 [+ 12 L] 13

CARBON MONOXIDE OR CARBON OIOXIDE CONCENTATION %

FIGURE 5—TYPICAL NDIR ANALYZER RESPONSE CURVES
TO CARBON MONOXIDE AND CARBONDIOXIDE

EURE—AN NDIR analyzer output depends upon the, cell pressure. Since the ¢
Cc pressure, changes in atmospheric pressure<between the main calibration
e corrected with a span gas prior to the reading. Maintaining constant flow ra
ighout the sample system will generally insure that the span and sample read
ressure.

5t of the emission analyzer should ®e plumbed to the laboratory exhaust system
he exhaust system. This plumbing must not put any significant back pressure

ressure to the sample cell._JPressure variation in the sample cell causes a sal
hich directly affects the.analyzer output. If outlet pressure variations exceed 5
gulator may be requited.

RESPONSE—The. speed of response of NDIR instruments is usually limited

volume, and-the time constant of the electronics. The electronic amplific
trumentsiis) generally adequate. However, the speed of response is related

In order'to be able to detect low concentrations, path length, and therefor

o permit more of the energy to be absorbed in the sample. This means that as

bl is generally at
and the sample
es of the sample
ngs are made at

and then vented
b on the analyzer

must be taken to avoid conditions at the analyzer sample gas outlet that could create variations in

mple-gas density
mm H,0, a back

by flow rate, the
ation supplied in
o the instrument
e, cell volume is
he cell volume is

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

RespPoNsSE—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—kcx)

(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.

-10-
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5.2

521

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:

~P oo o

Cell misalignment

Low detector signal output

Dirty cells

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

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 be t

Flame loniz4
hydrocarbon
converted to

DESCRIPTIC
hydrogen ¢

diffusion flgme with air.

The FID o

POSITIVE SIGNAL LEAD

aken when making this type of modification.

——

N3t

FUEL INLET Q

ition Detector—Hydrocarbons—The flame ionization detector (FID) is used to
content of complex-hydrocarbon mixtures on a carbon-mass basis. , FhiS measurement can be
A hydrocarbon-mass basis by assumption of a specific carbon to hydrogen ratio,

COLLECTOR

BURNER JET

AIR INLET

’
%
OSAMPLE INLET

FIGURE 6—TYPICAL BURNER OF FLAME IONIZATION DETECTOR

measure the total

N—The burner of a typical FID is similar to that shown in ‘Figure 6. A smdll stream of fuel,
iluted with an inert gas, is premixed with the sample gas and burned at the ou

tlet of the jet in a

perates on the principle that the Introduction of a gas sample containing hy

drocarbon 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.
core

of the flame available for preflame oxidation

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

b.

O, cpncentration.
»-He mixed fuel instead of H,-N, fuel. Since the fuel type changesthe regponse to various
hydrgcarbons, it is important to use the specified fuel in complying with governmenta| standards.

Use

Sele¢t a calibration and zero gas with an oxygen content approximating that of

analyzed, as this will tend to normalize the relative response betweenvsample and sp

Because spmple, fuel, and air flow rates affect the uniformity of relative response of a H
exhaust hydrocarbons, good correlation between FID's of the samie model will occur onl

rates are

determine
sample, fu
following is

a. Sam
b. Fuel
c. AirF

The respor
and aldehyj

VISCOSITY-
Therefore,
regulated g
and viscos
apparent
gas whos
neglected

e same. To establish correlation between dissimilar)FID's, it may be nece
heir relative response to several major hydrocarbaon Species and normalize them
pl, and air flow rates for equal relative responsey:'As an initial guide in settin
recommended:

ble Flow — 3 to 5 cm3/min
Flow — Adjusted for maximum response
ow — 3-1/2 to 4 times the fuel flow.rate

se of the FID to the carbon in~oxygen-containing organic compounds (such as
des) will usually be less than.tothe carbon in hydrocarbons.

-The response of an FID is directly proportional to the volumetric sample flow t
a stringent control” of sample flow rate is mandatory. Because most FID's
apillary flow control system, the sample flow to the burner is dependent on both
ty. Any change“in sample viscosity will, therefore, result in an inversely propg

viscosity~approximates that of the sample being measured.
ecause the error is small.

In actual practid

%ading, tholgh pressure has remained constant. It is, therefore, necessary to

Use high fuel flow rate to the FID burner to dilute any O, entering with the sample_apain reducing the

e sample to be
an gas.

ID to the various

when their flow
ssary to actually
by adjustment of
g flow rates, the

alcohols, ethers,

D the FID burner.
use a pressure-
sample pressure
rtional change in
use a calibration
e, this is usually

OPERATION

—TFhe typical FID, with proper use, is capable of accurate measuremen

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

-12-
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relatively constant temperature as temperature fluctuation will result in absorption-desorption of
hydrocarbons which will appear as analyzer drift.

Calibration Gases—As with the fuel and air, care should be exercised to insure that all lines, fittings, and

regulators used with the calibration gases are contamination-free. LOX-service cleaned, metal diaphragm
regulators are especially recommended for low concentration (less than 300 ppmC) calibration gases and
the zero gas.

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

oxygen ¢

ontent and viscosity as the sample gas.

ines—The sampling system should be kept short with minimum volume to

Sample
transit tin
Sample 3
will not

contamin
prevent
temperat
The use
necessity

Respons
compone
sample.

nonlinea

Chemilumin
direct measu
analyzer me
efficiency co
(NO + NOy)

THEORY—T
gaseous sg
exists in an
according t

ne. Sample line, fittings, filters, and pumps should be constructed of stainles
ystem cleanliness is extremely important. Contamination, such as scale, greas
pnly contribute to high sample backgrounds, but absorption of sample hydr
ation will retard the sample and increase response time. A particulate’filter s
lockage of the fine capillary used to control sample flow. Samples with a dew
ure, such as tailpipe exhaust, must be dried to prevent condensation of water V
of a heated FID, which allows heating of both internal and external sample ling
for water removal.

e Curve—Typically, an FID requires calibration withhavzero gas and with only
nt, calibration gas at full scale, since response «is_generally linear with carbg
However, this should be verified for each FID bécatise some instruments at cert
and require a response curve.

escent NOy Analyzer—The chemilumingscent (CL) analyzer (Figure 7) can
rement of oxides of nitrogen (NO,) ‘concentrations in continuous or bag s8

verter that changes any nitrogen dioxide (NO,) present into NO, the total con
resent can also be determined!

Isures only the concentrations of nitric oxide (NO) in a gaseous sample. Byt

he analyzer measures_the light from the chemiluminescent reaction of NO 4§
Imple to be measured\is blended with dilute O3 in a reaction chamber, some of t
excited state (NOZ*). The excited NOZ* can return to its ground energy state by
p the following ‘equations:

NO + 03—-)N02* + 02

N02*—> N02 + hV

inimize sample
5 steel or Teflon.
e, or fingerprints,
ocarbons by the
hould be used to
hoint above room
yithin the system.
s, eliminates the

one other, one-
n content of the
hin conditions are

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

nd O3. When a
ne NO, produced
emitting a photon

(Eq. 2)

(Eq. 3)
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SAMPLE PUMP VACUUM PUMP
AIR
' veNT —CSp— vENT - sPaN
GAS
-
‘ | —{(P) 62 Q &—- ZERO
SAMPLE O "2 AR
BYPASS T @
- AEACTION [
~"_lOPTICAL
CHAMBER FILTER
i ‘ f 77777
OZONE
GENERATOR
MULTIPLIER
sw%] %Fsvz DETECTOR T_—@ )
SAMPLE ~——d m@
Nvox l VENT
CONVEATOR SIGNAL TO zERO
ELECTRONICS AIR
LEGEND

SV — SOLENDID VALVE R - RESTRICTOR
NV - NEEDLE VALVE M~ FLOW METER
G -GAUG C - CAPILLARY
PR — PRESSURE REGULATOR

In the pre
concentrati
output whi
concentrati

the input sample flow stream.

CALIBRATIO
concentrati
should be

with knowp gases»having nominal concentrations equal to 15, 30, 45, 60, 75, and ¢

concentrati

FIGURE 7—SCHEMATICS OF TWO CHEMILUMINESCENT ANALYZERS
SHOWING A LOW PRESSURE TYPE(LEFT)
AND AN ATMOSPHERIC PRESSURE TYPE (RIGHT)

ence of an excess of Os, the- light emitted by this specific reaction is pr
on of NO. This light can be-detected by an optical filter-photomultiplier combinat|
Ch is essentially linear with”respect to the NO concentration of the sample.
on of NO, in a sampleya converter which converts NO, into NO at high efficien

N—Since the..CL analyzer produces an essentially linear response with
pn of the sample, a two-point calibration (at zero and full scale) is required. H
erified_periodically. Some CL instruments may be nonlinear, and may require

on. \Calibration gases should consist of a known mixture of NO with nitrogen as|

bportional to the
on to produce an
To measure the
Ly is inserted into

respect to NO
{owever, linearity
b response curve
D0% of full-scale
the balance gas.

The actual

concentration should be known to within + 1% of the true values. Zero-grade

nitrogen or zero-

grade air shall 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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— [ o~ |
. . TO NO/NOx ANALYZER
LOW CONTROL {
v FLOWMETER
a
NO IN Ny %
1svac ( ON-OFF b “ OZONATOR
VARIABLE
TRANSFORMER FLOWMETER
ON-OFF/. |SOLENOID VALVE
V15§ FLOW CONTROL
ZEROAIR © VALVE
IROXYGEN i

FIGURE 8—NOy GENERATOR FOR CONVERTER EFFICIENCY DETERMINATI

a.
dete
facili

b. With

Attadh the NO/N, supply at C2, the O, supply at C1 and the analyzer inlet connectio

tor at C3 as shown in Figure 8. At low concentrations of NO, airmay be used
ate control of the NO, generated during Step d and to minimize the fire hazard.

Open valve V2 until sufficient flow and stable readings are obtained at the analyzer. Z

analy

zer output to indicate the value of the NO concentration being used. Record thi

c. Open valve V3 (on/off flow control solenoid valve for O5) and adjust valve V1 (O

valvg
d. Turn
abou

) to blend enough O, to lower the NO concentration (b) about 10%. Record this
on the ozonator and increase its supply voltage' until the NO concentration of

unreacted NO at this point. Record this_eancentration.
n a stable reading has been obtained.ftom (d), place the NO, converter in the

The @nalyzer now indicates the total NO, concentration. Record this concentration.

off the ozonator and allow the analyzer reading to stabilize. The mixture NO +

gh the converter. This reading;is the total NO, concentration of the dilute NO

c). Record this concentratign.

p valve V3. The NO concentration should be equal to or greater than the reading
fficiency of the NO,_converter by substituting the concentrations obtained durin
tion:

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

100%
[(3-@]

% Efficiency =

-Thevesponse of a CL analyzer is directly proportional to the volumetric samg

DN

h to the efficiency
in place of O, to

the variable transformer off, place the NO, converter in the\bypass mode and close valve V3.

ero and span the
5 concentration.
supply metering
concentration.
(c) is reduced to

t 20% of (b). NO, is now being formed from‘the NO + O, reaction. There must @lways be at least

converter mode.

D, is still passing
5pan gas used at

of (b). Calculate
j the test into the

(Eq. 4)

le flow to the CL

action chamber, making stringent control of sample flow rate mandatory. Because most CL

10%
e. Whe
f.  Turn
throd
step
g. Clos
the €
equa
VISCOSITY-
analyzer r¢
analyzers

latael +1 £l 4+ l 4+ 4o ] £l + 4+l
ST d PIToourcicyuiatlcu Lapiialy OV CUTTUHUT SYSITTT, 1T SAlTIPJIT TTUVW U U1T TT

ction chamber is

dependent on both sample pressure and viscosity. Any change in sample viscosity will 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.

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 amplifier gain is adjusted for the proper corresponding instrument response.
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5.3.6  ANALYZER PERFORMANCE IMPROVEMENT—Output signal drift is often encountered in
photomultiplier tubes (PMT). This drift is a characteristic of the PMT referred to as fatigue
reduced in certain analyzers by providing illumination to the PMT during prolonged periods

analyzers using
. Fatigue can be
when there is no

chemiluminescent reaction. A light emitting diode may be inserted into the reaction chamber to illuminate
the PMT while the analyzer isn't being used for testing. Use of light during analyzer idle periods has been

shown to reduce warmup drift and increase analyzer-to-analyzer correlation in certain insta

Interference from H,O and CO, quenching in atmospheric pressure CL analyzers can be re

nces.

duced by moving

the sample capillary further upstream from the reaction chamber, reducing sample flow rate, and increasing

the ozone flow rate.

5.4 Oxygen Analyzers
5.4.1 POLAROGRAPHIC ANALYZERS
5.4.1.1 Theory—Polarographic oxygen analyzers operate on the principle that different gase

reduced fat different applied voltage potentials. Of the gases normally found in exhau
reduced |at the lowest potential and can, therefore, be readily measdred. The ins

s are chemically
5t gas, oxygen is
strument actually

measurep the partial pressure of oxygen in the sample, but for fixed“operating condglitions, it can be

calibrated in other units such as percent oxygen by volume.

The analyzer consists of two basic units, a sensor and an amplifier. The sensor, whic
content, hormally consists of a gold cathode insulated from. a silver anode between wh
approxinately 0.8 V is applied. The anode is electrically €onnected to the cathode by a p
gel. The entire anode-cathode assembly is separatéd from the sample by a Teflo
membrane.

5.4.1.2 Interferepces—There are other gases, such_as“SO,, Cl,, Br,, I, and NO, which will
These gases are not usually found in exhaust gas in sufficient concentrations relative
significanjt interference.

5.4.1.3 Continuous Operation—In operation,) the sensor is placed in the sample stream and
through the Teflon membrane and is reduced, by the 0.8 V potential, at the cathode. This
a currenf flow which is propertional to the partial pressure of oxygen in the sample. Th
sensor should have a low dead volume to reduce the response time.

Since thg partial pressure of oxygen changes with the total pressure, the system pressur
controlleg. For example, if the total pressure of the sample is doubled, the partial press
will doubje, and;~as a result, the output of the sensor will double while the actual percg
sample Will remain the same. Because of this characteristic, direct readings in percent
only if the gas mixture is analyzed under the same total pressure as when calibrated.

N detects oxygen
ich a potential of
btassium chloride
n gas-permeable

reduce at 0.8 V.
to O, to give a

oxygen diffuses
reduction causes
e housing for the

e must be closely
ire of the oxygen
eNt oxygen in the
oxygen are valid

5.4.1.4 Calibration Considerations—Since sensor response is linear with oxygen partial pressure in the sample, a

simple two-point calibration, at zero and full scale, is required. Span settings can normal
room air. However, if the room air is not relatively clean, blends of oxygen in N, shou
instrument is zeroed using nitrogen.

ly be made using
Id be used. The
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