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PROCEDURE FOR THE CONTINUOUS SAMPLING AND MEASUREMENT OF
GASEQOUS EMISSIONS FROM AIRCRAFT TURBINE ENGINES

3.

10.

1.

1. SCOPE:

intended

2. SECTIONS:

This document is divided into the following sections:

Defi
Equi
Anal
Cali

System Layout

Test

Samp

pitions and Terminology
bment
bzer Routines

pration Gases

Procedure

ng

Information and Data to be Recorded

Calc

ulation of Results

1Excluding engine operating procedures and test modes.

This Aerogpace Recommended Practice (ARP) describes the continuoys sampling
and analysis of gaseous emissions from aircraft gas turbine engires and is
o standardize the emission test procedures1 and equipmgnt for
measuring|carbon monoxide, carbon dioxide, nitric_oxide, nitrogen
and total

dioxide,
hydrocarbons. This ARP is not intended“for in-flight festing, nor
does it apply to engines operating in the afterburning mode.

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised. or cancelled. SAE invites your
written comments and suggestions.

Copyright 1990 Society of Automotive Engineers, Inc.

All rights reserved.

Printed in U.S..A.
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.10

L1

.12

.13

DEFINITIONS AND TERMINOLOGY:

ACCURACY: The closeness with which a measurement approaches the true value
established independently.

AIRCRAFT GAS TURBINE ENGINE: Any gas turbine engine used for aircraft
propulsion or power generation, including those commonly called turbojet,
turbofan, turboprop, or turboshaft type engines.

CALIBRATION GAS: A mixture of gases of specified and known composition used
as the basis for interpreting analyzer response in terms of the
concentrafiion of the gas to which the analyzer is responding.

CONCENTRAT|ION: The volume fraction of the component of interest [in the gas
mixture - |expressed as volume percentage or as parts per miNtion.

CONTINUOUY SAMPLING: The presentation of a flowing sample to the analytical
analyzer go as to obtain continuous measurement of concentrationg of the
components of interest.

FLAME IONIZATION DETECTOR: A hydrogen-air diffusion flame detectior that
produces & signal nominally proportional to the mass-flow rate of
hydrocarbgns entering the flame per unit oftime - generally assumed

responsive to the number of carbon atoms.entering the flame.
FUEL/AIR RATIO: The mass rate of fuel flow to the engine divided by the
mass rate jof dry airflow through the engine.

ISSIONS: Gases emitted downstream of the combustion chiamber and
carbon monoxide, carbon dioxide, nitric oxide, nitrogep dioxide,
arbons.

GASEOUS E
Timited t
and hydro

INTERFERE

CE: Analyzer_response due to presence of components other than
the gas ( '

r vapor) that is to be measured.

NOISE:
characte
js disti

andom_variation in analyzer output not associated with
istics of the sample to which the analyzer is responding and which
guighable from analyzer drift characteristics.

NOx: Oxides of nitrogen, specifically, the sum of nitric oxide (NO) and
nitrogen dioxide (NO»).

NONDISPERSIVE INFRARED ANALYZER: An analyzer that by absorption of
infrared energy selectively measures specific components.

PARTS PER MILLION (ppm): The unit volume concentration of a gas per
million unit volumes of the gas mixture of which it is a part. (Also
applicable to weight measurements but only volume relationships are
referred to in these procedures. Note also that in the context of the
measurements of this procedure, "volume concentration (or volume fraction)"
and "molar concentration (or mole fraction)" are synonymous).

bt 8
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.14

15

.16
A7

.18

.19

.20

.21

.22

.23

PARTS PER MILLION CARBON (ppm C): The mole fraction of hydrocarbon
multiplied by 106 measured on a (C1Hp) equivalence basis. Thus,

1 ppm of methane is indicated as 1 ppm C. To convert ppm concentration of
any hydrocarbon to an equivalent ppm C value, mulitiply ppm concentration by
the number of carbon atoms per molecule of the gas. For example, 1 ppm
propane transltates as 3 ppm C hydrocarbon; 1 ppm hexane as 6 ppm C
hydrocarbon.

PRECISION: The closeness with which a measurement upon a given, invariant
sample can be reproduced in short-term repetitions of the measurement with
no intervening analyzer adjustment.

RESOLUTIPN: The smallest change in a measurement which can, be Letected.

RESPONSE|: The change in analyzer output signal that occurs with change in
ncentration. Also, the output signal corresponding tola given
ncentration.

A calibration gas to be used for routine verification and
t of analyzer response.

T: The time related change in response of the analyzer in
n of a span gas measurement under~identical conditions|of flow and
tion.

ENCE: A series of functionally related tests in which|the test
without interruption progresses systematically from ope test mode
r.

ROCARBONS: The total of hydrocarbon compounds of all ¢lasses and
weights.

T: Time related deviation of analyzer output from zerp set point
when it [is operating on gas free of the component to be measureqi. This is

Algas to be used in establishing the zero, or no-response,
adjustmept of an analyzer.

EQUIPMENT:

Precautions: The performance specifications indicated are typical of those
analyzers offered by major manufacturers and are generally related to
analyzer full scale reading. Error at part scale may be a significantly
greater percentage of reading.

Typically:

Range
measurement value

Error in measurement = x Specification error

For example, for a measurement at 20% of full scale, the error in measurement
may be 5 x specification error (quoted as percent of full scale).

-3 -
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4.1

4.1

4.1

.1 Analyzer Performance Specifications:

.2 NDIR Cells: A1l NDIR analyzers shail be equipped with cells of suitable

(Continued):

The relevance and importance of such increases must be considered when
preparing to make measurements. If better performance is necessary, then
appropriate precautions must be taken.

Carbon Monoxide and Carbon Dioxide Analyzers:
Nondispersive infrared (NDIR) analyzers shall be used for the continuous

monitoring of carbon monoxide (CO), and carbon dioxide (CO2) in the
turbine exhaust. :

NDIR an3glyzers operate on the principle of absorption, in the-3ample cell,
of infrared radiation in a frequency band specific to the~gasegus component
of intertest. The transmitted radiation is measured by a“sGitable detector
and compgared with that received when there is no specific gas ¢omponent
absorption. This differential absorption generates ‘@an’electri¢al signal
proportional to the concentration of absorbing gas ‘“n the sample cell. This
signal {s amplified, often linearized, and continuously displayed.

Zero Orift - Less than +1% of full scale in 1 h.
Span Brift - Less than +1% of full scale in 1 h.

Noise - Less than +1.0% of full scale.

Resolytion - Better than +0.5% of full scale.

Precidion - CO: Better than+1% of full scale for ranges [above 100 ppm
full scale.
Better~than +2% of full scale for ranges |below 100 ppm
full ‘scale.

COy: Better than +1% of full scale for all rarges.
Lineaity - For linearized analyzers, response shall be linear within +2%

of full scale.

Typically CO 0-2500 ppm
Co, 0-10%

in appropriate steps.

Total |Range

NOTE: | Ful scale applies to range selected for measurement.
Aso in 4.2.1 and 4.3.1.

length to measure concentrations within the required range. Range changes
may be accomplished by use of stacked sample cells and/or changes in the
electronic circuitry.

If CO and CO» samples are analyzed "wet", the sample cells shall be
maintained at a temperature of not less than 323 K (50°C, 122°F) with a
stability of +2 K (+2°C, +3.6°F). An optional water removal device is
allowed ahead of the CO and CO» analyzers (Figure 4) provided that it
can be shown that CO and CO» are not adversely affected. If such a
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4.1.2

4.1.3

4.1.4

4.2

(Continued):

device is used, then the sample cells shall be maintained at least 10 K
(10°C, 18°F) above the sample dew point, with a stability of +2 K (+2°C,
+3.6°F). If the sample is dried, a "dry" to "wet" correction of the
measured values must be made (see Section 11). Also, the dew point should
be measured to ensure the following: ;

a. The drier efficiency remains constant.
b. The correct 'dry' to 'wet' correction is made.
c. The f

CO and [0y analyzers may be connected either in series or inOparallel.
If the ['in series" option is used, care should be taken 10 ensire that
there is no back pressurization of the first analyzer by ‘the se¢cond.

Interferences: Interferences from ethylene, water vapor, and g¢arbon
dioxide| will affect the reading of the CO analyzer.~ Response ¢f the CO
analyzefr should not, in general, exceed the foldowing Timits:

a. 500| ppm/percent ethylene concentration.
b. 2 ppm/percent CO> concentration.
c. 2 ppm/percent water vapor concentration.

Interfeyence from oxygen will affect’the reading of the CO» analyzer.
Responsp of the COp analyzer should not, in general, exceed the¢
followipg limit:

0.1% of| reading/percent of Oy concentration.

a water| removal device may be used to reduce water content to @& lTevel

below which its interference is acceptable. If the sample is dgried, then
a dry tp wet correction of the measured values must be made (s¢e
Section| 11).

Optical| filters are the.preferred method of discrimination. IE some cases

If the [intewference 1imitations cannot be met, appropriate coryvection

factor(p)._shall be determined, reported, and applied. It is recommended
howeverT—as—e9nsistent—with—g9ed—pnaetieeT—that—sueh—eenneetioﬁ procedures

should be adopted in all cases.

Analyzer Response Time: Analyzer response time should not exceed 10 s
from introduction of a sample to the analyzer inlet to achievement of 90%
of final reading. .

Total Hydrocarbon Analyzer:

The measurement of total hydrocarbons is made by an analyzer using a flame
jonization detector (FID). MWith this type of detector, an ionization
current is produced which is approximately proportional to the mass rate of
hydrocarbon entering the hydrogen flame. This small current is measured
using an electrometer amplifier and is continuously indicated.
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4.2 (Continued):

The analyzer shall be fitted with a constant temperature oven housing the
detector and sample-handling components. It shall maintain temperature
within the range 433 K + 5 (160°C + 5, 320°F + 9) with a stability of +2 K
(+2°C, +3.6°F).

4.2.1 Analyzer Performance Specifications:

Zero Drift - Less than +1% of full scale in 1 h.
Span Drift - Less than +1% of full scale in 1 h.
Noise — Less than 1% Of fUll scale.
Resolytion - Better than +0.5% of full scale.
Precigion Better than +1% of full scale for ranges above 100 ppm C
full scale.
- Better than +2% of full scale for rangesfrom 1Q to 100 ppm C
full scale.
- Better than +5% of full scale for rahges below 10 ppm C
full scale.
- A1l determined using propane calibration gas.
Linearlity - Response with propane in air shall be linear within +2%
of full scale for each range.
Oxyger| Synergism - The response to propane in 21% O, shall nqt
differ by more than-3% from the response fjo propane
in 10% 0y-
Relatilve Carbon Response - The responses to n-hexane, propylene or
toluene in air shall not differ by more than
5%-from the response to propane in air.

Total |[Range - Typically 0-to 5000 ppm C in appropriate steps.

4.2.2 AnalyZer Response Time: Analyzer response time should not exceed 10 s
from introduction 6f a sample to the analyzer iniet to achieviement of 90%
of fimal reading.

4.3 Oxides df Nitrogen Analyzer:

A chemilluminescence analyzer with an NO» converter shall be used for
measuriJg Aitric oxide (NO) and total oxides of nitrogen (NOx)J The
chemiluminescence method utilizes the principle that NO reacts with ozone
(03) to give nitrogen dioxide (NO») and oxygen (0Op). Approximately

10% of the NOo is electronically excited. The transition of excited NO»
to the ground state yields a light emission. This light emission is
measured utilizing a photomultiplier tube and associated electronics.

The method also utilizes the principle that NO, decomposes to NO according
to the catalyzed thermal reaction, (2NOp*2NO + Oy). A converter unit
designed to provide essentially complete conversion of NOp to NO without
affecting the NO originally present in the sample, is included as a part of
the chemiluminescence analyzer package. If a sample is passed through the
converter prior to entering the chemiluminescence analyzer, an NOy reading
(NO + NO») is obtained. If the converter is bypassed, only the NO portion
is indicated.
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4.3 (Continued):
Water removal devices are not permitted in the sample line upstream of the
oxides of nitrogen analyzer. The temperature of the sample passages in the
analyzer should be maintained high enough to avoid condensation of water.
4.3.1 Analyzer Performance Specifications:

Less than +1% of full scale in 1 h.

Zero Drift -

Span Drift - Less than #1% of full scale in 1 h.

Noise - Less than +1% of full scale.

Resolutjion - Better than +0.5% of full scale.

Linearifty - Response shall be linear within +2% of full scale.
Precisipn - Better than +1% of full scale.

Converter Eff1c1ency - Greater than 90%.

Total Range - Typically 0 to 2500 ppm in appropriate. steps.
4.3.2 Interferences: Interferences from water vapor.@nd carbon dioxjde will

affect [the reading of the analyzer. Response“of the analyzer should not,

in genefral, exceed the following limits:

0.05% of reading/percent CO» concentration.
0.1f. of reading/percent water vapor ‘concentration.

T

If the [interference limitation(s) for COo and/or water vapor apove

cannot [be met, appropriate correction factor(s) shall be determined,
reported and applied. It is yecommended however, as consistent with good
practice, that such correction procedures should be adopted in|all cases.

4.3.3 Analyzer Response Time: “Analyzer response time should not excped 10 s
from introduction of_@)sample to the analyzer inlet to achievepent of 90%
of finall reading.

5. ANALYZER ROUTINES:

5.1 General:

Analyzer Ichars : i i d it i 3 periodically
to check that they are st111 withln to]erance The validity of the periodic
checks in the following sections has usually been accepted as 30 days.
However, many analyzer specifications remain within limits for much longer
periods. Provided that there is adequate documented evidence to justify
extensions beyond 30 days, users may assign alternative intervals for
specification checks of analyzers in operational use. Such extensions
cannot be assumed to hold for all analyzers, or for analyzers of the same
type supplied by different manufacturers - each must be assessed
independently.

In this and subsequent subsections reference to setting of zero and span of
analyzers assumes physical adjustment of controls. Some practitioners
prefer not to make such adjustments but to measure the zero and span mode
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5.1

(Continued):

indicated analyzer outputs and to determine appropriate measurement

conversion formulas.

This practice can be particularly approp

riate and

efficient when analyzer systems are operated under computer control.

Such procedures are acceptable and references throughout the following to

the physical adjustment,

by appropriate amendments incorporating zero/span calibration.

5.2

The fol
periodi

5.2.1 Linea

rate

a.

T —Hha O ¥ >

operating adjustment.
mpg

conta1n1ng 1essrthan lfppm C hydrocarbon

Specific:

etc., of zero and/or span controls may be replaced

bsponse deviation of any of these points from a least s

o®w 300 3

b prepared for operational use.

alibration curves prepared for all working ranges using
hses at known concentrations of approximately 0, 30, 60

owing specific routines are necessary for initial sett
checks of the various analyzers.

ity/Calibration Curve Check (all analyzers): ,Use the
hrough the analyzers during these checks as*when sampl

alyzers with a linear signal output characteristic sha
all working ranges using calibration“gases at known ¢
approximately 0, 30, 60, and 90% of full scale. The

raight line (fitted to the points~and the zero reading
ceed +2% of full scale value.\ If it does, & calibrati

alyzers with a nonlinear:signal output characteristic
ich do not meet the requirement of linearity given abo

11 scale. Addifional mixes should be used, if necessa

operly the cutve shape.
zation ofsDetector Response (THC Analyzer):

1low manufacturer's instructions for analyzer start-up
Unless otherwise recommended by t

nufacturer fuel shall be 60% he]ium 40L hydrogen con

ing up or

came gas flow
ing exhaust.

|1 be checked
bncentrations
maximum

uares

D shall not

bn curve shall

(or those

ve) shall have
calibration

. and 90% of
ry, to define

and basic
ne
taining less

ee" grade

Set oven temperature at 433 K + 5 (160°C + 5, 320°F + 9) and allow at

least 1/2 h after oven reaches temperature for the system to

equilibrate.

The temperature is to be maintained at set

(+2°C, +3.6°F).

Vary the fuel flow to the detector and

Select an operating flow rate that will give near

point +2 K

Introduce a mixture of propane in air at a propane concentration of
about 500 ppm C.
peak response.

flow; therefore,
rate.

determine the

A change in zero may result from a change in fuel
the analyzer zero should be checked at each fuel flow

max imum

response and least variation in response with minor fuel flow

variations.

Figure 1 shows a typical curve for response

flow.

versus fuel
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5.2.2

(Contin
d. To

abo
ver

RE

OPTIMUM

RESPONSE

\\\\\Q\

FUEL FLOW

FIGURE 1 - Fuel Flow Response Curve
ped) :
determine the optimum airflow, use fuel flow setting de

Kus airflow:

OPTIMUM

—

\§

|

SPONSE

RO

ve and vary airflow. Figure 2 shows a typical curve for

rermined
response

AIRFLOW ————=

FIGURE 2 - Airflow Response Curve

After the optimum flow settings have been determined these flows are to be
recorded for future reference.
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5.2.3

5.2.4

5.2.5

Oxygen Synergism Effect (THC Analyzer): Check the response of the
detector with varied concentrations of oxygen in the sample following the
steps outlined below. This test shall be made with oven temperature at
the set point and with gas flow to the detector at optimum conditions, as
determined in 5.2.2.

a. Introduce nitrogen (Np) zero gas and zero the analyzer. Check zero
using hydrocarbon-free air. The zero should be the same.

b. The following blends of propane shall be used to determine the effect
of oxygen (0y) in the sample:

ropane in 10% 0y

P 1, balance Nj.
Propane in 21% Oy

+
+ 1, balance N.
The vplume concentration of propane in each mixture should b¢ about

500 ppm C, and the concentration of both the 0, and“propane $hall be
known|within +1% of the absolute value. The zero shall be checked after
each mixture is measured. If the zero has changed, then the|test shall be
repeated.

The response to propane in 21% 0 shall not differ by more than 3% from
the re¢sponse to propane in 10% 0s.

c. If this specification cannot be~met by changing the sample flow rate
of detector parameters, such-@as air and/or fuel flow rate, it is
commended that the detector be replaced.

-

Alternatively, approp;;éte corrections should be determinmed, reported
apd applied. It is.recommended, however, as consistent with good
practice, that such correction procedures should be adopted in all
cqses.

Relatjve Carbon<Response (THC Analyzer): A comparison of re§ponse to the
different classes of compounds shall be made using (individually) propane,
propylene, toluene, and n-hexane, each at approximately 500 ppm C
conce$tration in zero air. The concentration of each gas sh3ll be known

within +1% of the absolute value. If the difference in respgnse to any of
these[with respect to propane is greater than 5%, check analyzer operating
parameters. Reducing sample flow rate improves uniformity of response.

Converter Efficiency Check (NOx Analyzer): In the absence of any specific
manufacturer's instructions, the NO» to NO converter efficiency may be
determined by the following procedure, using the apparatus described and
illustrated in Figure 3.

a. Attach the NO/Ny supply (i50 to 500 ppm NO) at Cp, the Oy supply
at Cy, and the analyzer inlet connection to the efficiency detector
at C3. If lower concentrations of NO are used, air may be used in
place of Oy to facilitate better control of the NO, generated
during d.

- 10 -
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NOx CONVERTER EFFICIENCY DETECTOR

0ZONATOR
02 OR AIR S
SUPPLY - Y FMI 0
T E
Cl MVl
AUTOTRANSFORMER
i sur
115 VAC SW2
L. + V3
X;]FMZ €3
NO/N2 CONVERTER
SUPPLY V2 INLET
- Ce CONNECTOR
FIGURE 3 (- Typical System for Determination of NO» Converter Effficiency
5.2.5 (Continued): |
b. HWith the efficiency detector autotransformer off, place the NO;
coffverter insbypass mode and close valve V3. Open valve MV2 until
sufficient-flow and stable readings are obtained at the anmalyzer.
“Zento and span the analyzer output to indicate the value of] the NO
conncentration being used. Record this concentration.
c. Open=valve V3 (on/off flo
valve MV1 (Op supply metering valve) to blend enough O, to lower
the NO concentration b about 10%. Record this concentration.
d. Turn on the ozonator and increase its supply voltage until the NO
concentration of ¢ is reduced to about 20% of b. NOy is now being
formed from the NO + O3 reaction. There must always be at least 10%
unreacted NO at this point. Record this concentration.
e. When a stable reading has been obtained from d, place the NO,

converter in the convert mode.
total NOy concentration.

The analyzer will now indicate the
Record this concentration.

- 11 -
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5.2.5
f.

(Continued):

Turn off the ozonator and allow the analyzer reading to stabilize.
The mixture NO + 0o is still passing through the converter.

This

reading is the total NOy concentration of the dilute NO span gas

used at c.

Record this concentration. It should be grea

ter than or

equal to the reading at ¢ indicating whether or not the NO contains

any NOs.

If the reading is less than that at ¢, a loss ©

f NO in the -

converter is indicated, which should be investigated and reqtified.~

Close valve V3.

The NO concentration should be equal to

thRn reading of b indicating whether the NU contains any |

thp NO concentration is less than the reading at b, this
indication of a loss of NO in the converter, which should
investigated and rectified.

Calculpte the efficiency of the NO, converter by substituting
concenftrations obtained during the test into the following eq

d

€ - 9y 300%
d

% Efficiency = 7

The efficiency of the converter should<be greater than 90%.

the co

h., If

in
us

It
NO
co

5.3 Periodic

verter temperature may be needed to maximize the effic

the converter efficiency is not greater than 90%, the
efficiency shall be determined and corrected before the
pd.

is recommended, as Consistent with good practice; that
x value be adjusted (see Section 11) to take into accou
hverter efficikency.

Checks:

or greater
NO,. If
is an

be

the
pation.

Adjustment of
iency.

cause of the
analyzer is

the measured
nt the

ed in 5.2.1.

The follpwing.checks are to be made prior to the testing program and/or at

intervalg as‘«determined in 5.1:

a. Check—Hinrearityteatibration—ecurve—Hanrayzers)—as—outHh

b. Check 0y effect (THC analyzer) as outlined in 5.2.3.

c. Check responses of propylene, toluene and n-hexane (THC analyzer) as
outlined in 5.2.4.

d. Check converter efficiency (NOx analyzer) as outlined in 5.2.5.

e. Check response to interference gases as specified in 4.1.3 (CO, COp
analyzers) and 4.3.2 (NOx analyzer).

f. Record all results from a through e.

Any response differing significantly from the previous check may reflect
some problem in the analyzer system and a thorough check should be made.

- 12 -
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5.4 Daily Routine:

6.

6.1

6.2

6.3

CALIBRATION GASES:

The following checks are to be made at time of test.

a. If analyzer power is not left on continuously, follow the manufacturer's
instructions for start up. (If frequent/daily use is anticipated, it is
recommended that the analyzers are left on continuously.)

b. Clean or replace filters, as necessary.

c. Check temperatures of analyzers and flow distribution system.

d. Chegk all flows.
e. Lerq working ranges of analyzers using zero gas as specified in 6.3.

f. Span working ranges of analyzers using span gases giving 75| to 95% of
fulll scale deflection.

g. Chedk zero and repeat f if necessary.

h. Zerd and span shall be checked within 1%h before and after pach test and
at least once per hour during the test”(see Section 8 (h)).

Any respgonse value differing by morecthan +2% from the previous| value may
indicatq an analyzer problem. Check and correct as necessary.

Mixture |Composition:

Calibration gases for (carbon monoxide and carbon dioxide shall jpe prepared
using zqro air as theodiluent. They may be blended singly or as dual
componerit mixturess\ - Hydrocarbon calibration gas shall be propane in zero
air. Three component mixtures of CO, CO», and propane in zero jair may be
used prgvided ‘the stability of the mixture is assured. Nitric pxide
calibrafion<gas shall be blended in zero nitrogen.

Calibration Gases and Span Gases:

Calibration gases and span gases shall be certified by the vendor to a
stated accuracy within +2%. Note, that the gases referred to in 5.2.3(b)
and 5.2.4 have a required accuracy of +1%. Since changes in the gas mixture
may occur over a period of time after mixing, final analysis, and
certification should be performed after a suitable aging period.

Zero Gases:

Zero nitrogen shall be high purity nitrogen (at least 99.99% nitrogen)
containing less than 1 ppm C hydrocarbon, 1 ppm CO, 100 ppm CO», and 1 ppm
NOy. Zero air shall be high purity air, but may be "artificial" air
consisting of 20 to 22% oxygen blended with nitrogen. It shall contain less
than 1 ppm C hydrocarbon, 1 ppm CO, 100 ppm CO2, and 1 ppm NOy.
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7.

8.

SYSTEM LAYOUT:
The system layout shall be as shown in Figure 4, with the exception that
optional arrangements or devices as described in the text, are permitted.
EXHAUST VENT VENT VENT VENT
01 SCHARGE _
NOZZLE SAMPLE
1 PROBE
HC co co NO,
- ANALYSIS ANALYSIS ANALYSIS ANALYSIS
% - SYSTEM SYSTEM SYSTEM SY §TeM
1
}mmwm |
LINE ZEROQF]SPAN zsno[?;]sm ZERO[KS] sPAN zsao(aF]sm
ouMp l ¢
220 | > |
PUMP T | :
L _T—"Sineareo | »
| PUMP | }
i ] e 3
-
NOTE: CO & COp ANALYZERS CAN BE
RUN IN SERTES.
=== LINE TEMPERATURE CONTROLLED
@ 1600C
weee (INE TEMPEHATURE CONTROLLED
@65°C
FIGURE 4 - Sampling System and Analyzer Arrangement
TEST PROCEDURE:

a. Check the system for leaks by isolating the probe and analyzers and
operating the sample flow pump. The system sha11 be satisfactory if no
more than 2.0 standard liters (0.07 standard ft3) pass in a 5 min
period.

b. Check the sampling lines to ensure that they are free from contamination.

c. Check the sample transfer time from the probe to the analyzers by
calculation or measurement. (See 9.2.)
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