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ARP1256 æFor The Advancing Engineering Mobility Society AEROSPACE 
-Land Sea Air and Spaces 

REV. 
B 

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

RECOMMENDED I N T E R N A T I O N A L  
400 Commonwealth Drive, Warrendale, PA 15096-0001 p RACTI CE 

Submitted for recognition as an American National Standard 

1 .  SCOPE: 

Issued 1971-10-01 
Revised 1990-08-01 

Superseding ARP1256A 

Th is  Aerospace Recommended P r a c t i c e  (ARP) desc r ibes  t h e  cont inuous sampl ing 
and a n a l y s i s  o f  gaseous emissions from a i r c r a f t  gas t u r b i n e  engines and i s  
i n tended  t o  s tandard i ze  t h e  emiss ion t e s t  procedures1 and equipment for 
measuring carbon monoxide, carbon d i o x i d e ,  n i t r i c  ox ide ,  n i t r o g e n  d i o x i d e ,  
and t o t a l  hydrocarbons. Th is  ARP i s  n o t  i n tended  for  i n - f l i g h t  t e s t i n g ,  nor 
does i t  a p p l y  t o  engines o p e r a t i n g  i n  t h e  a f t e r b u r n i n g  mode. 

2 .  SECTIONS: 

Th is  

3.  

4. 

5 .  

6. 

7.  

a.  

9. 

10. 

1 1 .  

document i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  s e c t i o n s :  

D e f i n i t i o n s  and Terminology 

Equipment 

Analyzer  Rout ines 

C a l i b r a t i o n  Gases 

System Layout 

T e s t  Procedure 

Sampl i ng 

I n f o r m a t i o n  and Data t o  be Recorded 

C a l c u l a t i o n  o f  Resu l t s  

1Excl ud i  ng engine o p e r a t i n g  procedures and t e s t  modes. 

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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3. DEFINITIONS AND TERMINOLOGY: 

3 . 1  

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3 . 9  

3.10 

3.11 

3.12 

3.13 

ACCURACY: 
e s t a b l i s h e d  independen t l y .  

The closeness w i t h  which a measurement approaches t h e  t r u e  va lue  

AIRCRAFT GAS TURBINE ENGINE: 
p r o p u l s i o n  or power genera t i on ,  i n c l u d i n g  those commonly c a l l e d  t u r b o j e t ,  
t u r b o f a n ,  t u rboprop ,  or t u r b o s h a f t  t y p e  engines. 

CALIBRATION GAS: 
as t h e  b a s i s  for  i n t e r p r e t i n g  ana lyze r  response i n  terms o f  t h e  
c o n c e n t r a t i o n  of t h e  gas to  which t h e  ana lyze r  i s  responding.  

Any gas t u r b i n e  engine used for  a i r c r a f t  

A m i x t u r e  o f  gases o f  s p e c i f i e d  and known compos i t i on  used 

CONCENTRATION: 
m i x t u r e  - expressed as volume percentage or as p a r t s  pe r  m i l l i o n .  

CONTINUOUS SAMPLING: 
ana lyze r  so as t o  o b t a i n  cont inuous measurement o f  c o n c e n t r a t i o n s  o f  t h e  
components o f  i n t e r e s t .  

The volume f r a c t i o n  o f  t h e  component o f  i n t e r e s t  i n  t h e  gas 

The p r e s e n t a t i o n  o f  a f l o w i n g  sample to  t h e  a n a l y t i c a l  

FLAME I O N I Z A T I O N  DETECTOR: 
produces a s i g n a l  n o m i n a l l y  p r o p o r t i o n a l  t o  t h e  mass-flow r a t e  o f  
hydrocarbons e n t e r i n g  t h e  f l ame pe r  u n i t  o f  t i m e  - g e n e r a l l y  assumed 
respons ive  t o  t h e  number o f  carbon atoms e n t e r i n g  t h e  f l ame.  

A hydrogen-a i r  d i f f u s i o n  f lame d e t e c t o r  t h a t  

F U E U A I R  RATIO:  The mass r a t e  o f  f u e l  f low t o  t h e  engine d i v i d e d  by t h e  
mass r a t e  o f  d r y  a i r f l o w  th rough  t h e  engine. 

GASEOUS EMISSIONS: Gases e m i t t e d  downstream o f  t h e  combustion chamber and 
l i m i t e d  t o  carbon monoxide, carbon d i o x i d e ,  n i t r i c  ox ide ,  n i t r o g e n  d i o x i d e ,  
and hydrocarbons. 

INTERFERENCE: 
t he  gas (or vapor)  t h a t  i s  to  be measured. 

Analyzer  response due t o  presence o f  components o t h e r  than  

NOISE:  Random v a r i a t i o n  i n  ana lyze r  o u t p u t  n o t  assoc ia ted  w i t h  
c h a r a c t e r i s t i c s  o f  t h e  sample t o  which t h e  ana lyze r  i s  responding and which 
i s  d i s t i n g u i s h a b l e  from ana lyze r  d r i f t  c h a r a c t e r i s t i c s .  

NOx:  Oxides o f  n i t r o g e n ,  s p e c i f i c a l l y ,  t h e  sum o f  n i t r i c  o x i d e  (NO) and 
n i t r o g e n  d i o x i d e  (NOZ) .  

NONDISPERSIVE INFRARED ANALYZER: 
i n f r a r e d  energy s e l e c t i v e l y  measures s p e c i f i c  components. 

An ana lyze r  t h a t  by a b s o r p t i o n  o f  

PARTS PER MILLION (ppm): 
m i l l i o n  u n i t  volumes o f  t h e  gas m i x t u r e  o f  which i t  i s  a p a r t .  
a p p l i c a b l e  t o  weight  measurements b u t  o n l y  volume r e l a t i o n s h i p s  a r e  
r e f e r r e d  t o  i n  these procedures.  
measurements o f  t h i s  procedure,  "volume c o n c e n t r a t i o n  (or volume f r a c t i o n ) "  
and "molar c o n c e n t r a t i o n  (or  mole f r a c t i o n ) "  a re  synonymous). 

The u n i t  volume c o n c e n t r a t i o n  of a gas p e r  
(Also 

Note a l s o  t h a t  i n  t h e  c o n t e x t  of t h e  

i 

t 
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3.14 PARTS PER MILLION CARBON (ppm Cl: 
multiplied by 106 measured on a (CIHn) equivalence basis. 
1 ppm of methane is indicated as 1 ppm C. To convert ppm concentration of 
any hydrocarbon to an equivalent ppm C value, multiply ppm concentration by 
the number of carbon atoms per molecule of the gas. For example, 1 ppm 
propane translates as 3 ppm C hydrocarbon; 1 ppm hexane as 6 ppm C 
hydrocarbon. 

The mole fraction of hydrocarbon 
Thus, 

3.15 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. 

3.16 RESOLUTION: The smallest change in a measurement which can be detected. 

3.17 RESPONSE: The change in ana 
sample concentration. Also, 
sample concentration. 

3.18 SPAN GAS: A calibration sas 

yzer output signal that occurs with change in 
the output signal corresponding to a given 

to be used for routine verification and 
adjustment of  analyzer reiponse. 

3.19 SPAN DRIFT: The time related change in response of the analyzer in 
repetition of a span gas measurement under identical conditions of flow and 
concentration. 

3.20 TEST SEQUENCE: A series of functionally related tests in which the test 
operation without interruption progresses systematically from one test mode 
to another. 

3.21 TOTAL HYDROCARBONS: The total of hydrocarbon compounds of all classes and 
molecular weights. 

3.22 ZERO DRIFT: Time related deviation of analyzer output from zero set point 
This i s  when it is operating on gas free of the component to be measured. 

not to be confused with "Interference". 

3.23 ZERO GAS: A gas to be used in establishing the zero, or no-response, 
adjustment of an analyzer. 

4. EQUIPMENT: 

Precautions: 
analyzers offered by major manufacturers and are generally related to 
analyzer full scale reading. 
greater percentage of readi ng. 

The performance specifications indicated are typical of th 

Error at part scale may be a significantly 

Typical ly: 

x Specification error Range 
measurement value 

Error in measurement = 

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. (Continued): 

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

4.1 Carbon Monoxide and Carbon Dioxide Analyzers: 

Nondispersive infrared (NDIR) analyzers shall be used for the continuous 
monitoring of carbon monoxide (CO), and carbon dioxide (CO21 in the 
turbine exhaust. 

NDIR analyzers operate on the principle of absorption, in the sample cell, 
of infrared radiation in a frequency band specific to the gaseous component 
of interest. The transmitted radiation i s  measured by a suitable detector 
and compared with that received when there i s  no specific gas component 
absorption. This differential absorption generates an electrical signal 

- proportional t o  the concentration of absorbing gas in the sample cell. This 
signal i s  amplified, often linearized, and continuously displayed. 

4 1.1 Analyzer Performance Specifications: 

Zero Drift - Less than rrl% of full scale in 1 h. 
Span Drift - Less than kl% of full scale in 1 h. 
Noi se - Less than +1 .O% of full scale. 
Resolution - Better than +O.!% of full scale. 
Precision - CO: Better than +1% of full scale for ranges above 100 ppm 

full scale. 
Better than 12% of full scale for ranges below 100 ppm 
full scale. 

COZ: Better than 51% of full scale for all ranges. 

of full scale. 
Linearity - For linearized analyzers, response shall be linear within +2% 

Total Range - Typically CO 0-2500 ppm 
CO2 0-1077 

in appropriate steps. 

NOTE: Full scale applies t o  range selected for measurement. 
Also in 4.2.1 and 4.3.1. 

4.1.2 NDIR Cells: All NDIR analyzers shall be equipped with cells of suitable 
length t o  measure concentrations within the required range. 
may be accomplished by use o f  stacked sample cells and/or changes in the 
electronic circuitry. 

Range changes 

If CO and CO2 samples are analyzed "wet", the sample cells shall be 
maintained at a temperature of not less than 323 K (50"C, 122°F) wiih a 
stability o f  +2 K (+2"C, +3.6"F>. An optional water removal device is 
allowed ahead of the CO and CO2 analyzers (Figure 4) provided that it 
can be shown that CO and CO2 are not adversely affected. If such a 

- 4 -  
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4.1.2 (Continued): 

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

If the sample is dried, a "dry" to "wet" correction of the 

a. 
b. The correct 'dry' to 'wet' correction i s  made. 
c. The correct interference correction is applied (see 4.1.3). 

The drier efficiency remains constant. 

CO and CO2 analyzers may be connected either in series or in parallel. 
If the Itin series" option is used, care should be taken to ensure that 
there is no back pressurization of the first analyzer by the second. 

4.1.3 Interferences: Interferences from ethylene, water vapor, and carbon 
dioxide will affect the reading of the CO analyzer. 
analyzer should not, in general, exceed the following limits: 

Response of the CO 

a. 500 ppdpercent ethylene concentration. 
b. 2 ppm/percent CO2 concentration. 
c. 2 ppm/percent water vapor concentration. 

Interference from oxygen will affect the reading of the CO2 analyzer. 
Response of the CO2 analyzer should not, in general, exceed the 
following limit: 

O. 1% o f  readinglpercent o f  O2 concentration. 

Optical filters are the preferred method of discrimination. 
a water removal device may be used to reduce water content to a level 
below which its interference is acceptable. If the sample is dried, then 
a dry to wet correction of the measured values must be made (see 
Section li). 

In some cases 

If the interference limitations cannot be met, appropriate correction 
factor(s> shall be determined, reported, and applied. It is recommended 
however, as consistent with good practice, that such correction procedures 
should be adopted in all cases. 

4.1.4 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. 

4.2 Total Hydrocarbon Analyzer: 

The measurement o f  total hydrocarbons is made by an analyzer using a flame 
ionization detector (FIDI. With 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. 

- 5 -  
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4.2 (Cont inued) :  

The a n a l y z e r  s h a l l  be f i t t e d  w i t h  a c o n s t a n t  temperature oven housing the  
d e t e c t o r  and sample-handl ing components. I t  s h a l l  m a i n t a i n  temperature 
w i t h i n  t h e  range 433 K k 5 (160°C 2 5, 320°F k 9) w i t h  a s t a b i l i t y  of  +2 K 
(&?OC, 53.6"F).  

4.2.1 Analyzer  Performance S p e c i f i c a t i o n s :  

Zero D r i f t  - Less than 51% o f  f u l l  sca le  i n  1 h. 
Span D r i f t  - Less than ~ 1 %  of  f u l l  sca le  i n  1 h. 
Noi se - Less than +1% o f  f u l l  sca le .  
R e s o l u t i o n  - B e t t e r  than +O.!% o f  f u l l  sca le .  
P r e c i s i o n  - B e t t e r  than +1% o f  f u l l  sca le  for  ranges above 100 ppm C 

f u l l  sca le .  
- B e t t e r  than 22% o f  f u l l  sca le  for  ranges f r o m  10 to  100 ppm C 

f u l l  sca le .  

f u l l  sca le .  

o f  f u l l  sca le  for  each range. 

- B e t t e r  than +5% o f  f u l l  sca le  for  ranges below 10 

- A l l  determined u s i n g  propane c a l i b r a t i o n  gas. 
L i n e a r i t y  - Response w i t h  propane i n  a i r  s h a l l  be l i n e a r  w i t h  

Oxygen Synergism - The response t o  propane i n  21% O2 s h a l l  n o t  
d i f f e r  by more than 3% from the  response t o  
i n  10% 07- 

n 12% 

propane 

R e l a t i v e  Carbon Response - the  responses t o  n-hexane, p ropy lene o r  
t o luene  i n  a i r  s h a l l  n o t  d i f f e r  by more than 
5% f r o m  the  response t o  propane i n  a i r .  

To ta l  Range - T y p i c a l l y  O t o  5000 ppm C i n  a p p r o p r i a t e  s teps .  

4.2.2 Analyzer  Response Time:  Analyzer  response t i m e  should n o t  exceed 10 s 
f r o m  i n t r o d u c t i o n  o f  a sample to  the  ana lyzer  i n l e t  to  achievement o f  90% 
o f  f i n a l  read ing .  

4.3 Oxides o f  N i t rogen  Ana lyzer :  

A chemiluminescence ana lyzer  w i t h  an NO2 conver te r  s h a l l  be used f o r  
measuring n i t r i c  o x i d e  (NO) and t o t a l  ox ides  o f  n i t r o g e n  (NO,). The 
chemiluminescence method u t i l i z e s  the  p r i n c i p l e  t h a t  NO r e a c t s  w i t h  ozone 
( O  ) t o  g i v e  n i t r o g e n  d i o x i d e  (NO21 and oxygen (02 ) .  
lu? o f  the  NO2 i s  e l e c t r o n i c a l l y  e x c i t e d .  
t o  the  ground s t a t e  y i e l d s  a l i g h t  emiss ion.  
measured u t i l i z i n g  a p h o t o m u l t i p l i e r  tube and assoc ia ted  e l e c t r o n i c s .  

Approx imate ly  
The t r a n s i t i o n  o f  e x c i t e d  NO2 

Th is  l i g h t  emiss ion i s  

The method a l s o  u t i l i z e s  the p r i n c i p l e  t h a t  NO2 decomposes t o  NO accord ing  
t o  the  ca ta l yzed  thermal r e a c t i o n ,  (2N02+2NO + 0 2 ) .  A c o n v e r t e r  u n i t  
designed t o  p rov ide  e s s e n t i a l l y  complete convers ion  o f  NO2 t o  NO w i t h o u t  
a f f e c t i n g  the  NO o r i g i n a l l y  p resent  i n  the  sample, i s  i nc luded  as a p a r t  o f  
the  chemiluminescence ana lyzer  package. I f  a sample i s  passed th rough the  
conver te r  p r i o r  t o  e n t e r i n g  the chemiluminescence ana lyze r ,  an NO, read ing  
(NO + NOZ) i s  obta ined.  If the  c o n v e r t e r  i s  bypassed, o n l y  the  NO p o r t i o n  
i s i n d i c a t e d .  

- b -  
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4.3 (Cont inued) :  

Water removal dev ices a re  n o t  p e r m i t t e d  i n  t h e  sample l i n e  upstream o f  t h e  
ox ides  of  n i t r o g e n  ana lyze r .  
ana lyze r  should be ma in ta ined  h i g h  enough t o  a v o i d  condensat ion o f  water.  

I 
The temperature o f  t h e  sample passages i n  t h e  

4 . 3 . 1  Analyzer  Performance S p e c i f i c a t i o n s :  

Zero Drift - Less than k l% o f  f u l l  s c a l e  i n  1 h. 
Span D r i f t  - Less than +1% o f  f u l l  sca le  i n  1 h. 
Noi se - Less than  +1% of f u l l  sca le .  
R e s o l u t i o n  - B e t t e r  t han  lrO.5”/. o f  f u l l  sca le .  
L i n e a r i t y  - Response s h a l l  be l i n e a r  w i t h i n  22% o f  f u l l  sca le .  
P r e c i s i o n  - B e t t e r  t han  +1% o f  f u l l  sca le .  
Conver ter  E f f i c i e n c y  - Grea te r  than 90%. 

I 

T o t a l  Range - T y p i c a l l y  O t o  2500 ppm I n  a p p r o p r i a t e  s teps .  

a f f e c t  t h e  r e a d i n g  o f  t h e  ana lyze r .  
i n  genera l ,  exceed t h e  f o l l o w i n g  l i m i t s :  

a. 
b. 

4 .3 .2  I n t e r f e r e n c e s :  I n t e r f e r e n c e s  from water vapor and carbon d i o x i d e  w i l l  
Response o f  t h e  ana lyze r  should n o t ,  

0.05% o f  r e a d i n g l p e r c e n t  CO2 c o n c e n t r a t i o n .  
O. 1% of r e a d i n g l p e r c e n t  water  vapor c o n c e n t r a t i o n .  

I f  t h e  i n t e r f e r e n c e  l i m i t a t i o n ( s )  f o r  CO2 and/or  water  vapor above 
cannot be met, a p p r o p r i a t e  c o r r e c t i o n  f a c t o r ( s 1  s h a l l  be determined, 
r e p o r t e d  and a p p l i e d .  I t  i s  recommended however, as c o n s i s t e n t  w i t h  good 
p r a c t i c e ,  t h a t  such c o r r e c t i o n  procedures should be adopted i n  a l l  cases. 

4.3.3 Analyzer  Response Time:  
f r o m  i n t r o d u c t i o n  o f  a sample t o  t h e  ana lyze r  i n l e t  t o  achievement o f  90% 
o f  f i n a l  read ing .  

Analyzer  response t i m e  should n o t  exceed 10 s 

5. ANALYZER ROUTINES: 

5.1 General :  

Analyzer  c h a r a c t e r i s t i c s  may va ry  w i t h  t i m e  and i t  i s  necessary p e r i o d i c a l l y  
t o  check t h a t  t hey  a re  s t i l l  w i t h i n  t o l e r a n c e .  The v a l i d i t y  o f  t h e  p e r i o d i c  
checks i n  t h e  f o l l o w i n g  s e c t i o n s  has u s u a l l y  been accepted as 30 days. 
However, many ana lyze r  s p e c i f i c a t i o n s  remain w i t h i n  l i m i t s  f o r  much longer  
p e r i o d s .  Prov ided t h a t  t h e r e  i s  adequate documented evidence t o  j u s t i f y  
ex tens ions  beyond 30 days, users may ass ign  a l t e r n a t i v e  i n t e r v a l s  for  
s p e c i f i c a t i o n  checks o f  ana lyze rs  i n  o p e r a t i o n a l  use. Such ex tens ions  
cannot be assumed t o  h o l d  f o r  a l l  ana lyze rs ,  or for  ana lyze rs  o f  t h e  same 
type s u p p l i e d  by d i f f e r e n t  manufacturers  - each must be assessed 
independent ly .  

I n  t h i s  and subsequent subsect ions r e f e r e n c e  to  s e t t i n g  o f  z e r o  and span of  
ana lyze rs  assumes p h y s i c a l  ad justment  of c o n t r o l s .  Some p r a c t i t i o n e r s  
p r e f e r  n o t  to  make such adjustments b u t  t o  measure t h e  z e r o  and span mode 

I 

I 
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5.1 (Continued): 

indicated analyzer outputs and to determine appropriate measurement 
conversion formulas. 
efficient when analyzer systems are operated under computer control. 

This practice can be particularly appropriate and 

Such procedures are acceptable and references throughout the following to 
the physical adjustment, etc., of zero and/or span controls may be replaced 
by appropriate amendments incorporating zero/span calibration. 

5.2 Specific: 

The following specific routines are necessary for initial setting up or 
periodic checks of the various analyzers. 

5.2.1 Linearitylcalibration Curve Check (all analyzers): Use the same gas flow 
rate through the analyzers during these checks as when sampling exhaust. 

a. Analyzers with a linear signal output characteristic shall be checked 
on all working ranges using calibration gases at known concentrations 
of approximately O, 30, 60, and 90% of full scale. The maximum 
response deviation of any of these points from a least squares 
straight line (fitted to the points and the zero reading) shall not 
exceed +2% of full scale value. If it does, a calibration curve shall 
be prepared for operational use. 

b. Analyzers with a nonlinear signal output characteristic (or those 
which do not meet the requirement of linearity given above) shall 
calibration curves prepared for all working ranges using calibrat 
gases at known concentrations of approximately O, 30, 60, and 90% 
full scale. Additional mixes should be used, if necessary, to de 
properly the curve shape. 

5.2.2 Optimization of Detector Response (TttC Analyzer): 

have 
on 
of 
i ne 

a. Follow manufacturer's instructions for analyzer start-up and basic 
operating adjustment. 
manufacturer, fuel shall be 60% helium, 40"k hydrogen containing less 
than 1 ppm C hydrocarbon. Air shall be "hydrocarbon-free" grade 
containing less than 1 ppm C hydrocarbon. 

Unless otherwise recommended by the 

b. Set oven temperature at 433 K t 5 (160°C 5, 320°F t 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 point +2 K 
(12"C, +3.6"F). 

c .  Introduce a mixture o f  propane in air at a propane concentration of 
about 500 ppm C .  Vary the fuel flow to the detector and determine the 
peak response. 
flow; therefore, the analyzer zero should be checked at each fuel flow 
rate. 
response and least variation in response with minor fuel flow 
variations. Figure 1 shows a typical curve for response versus fuel 
flow. 

A change in zero may result from a change in fuel 

Select an operating flow rate that will give near maximum 
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+ 
RESPONSE 

FUEL FLOW - 
FIGURE 

5.2.2 (Continued): 

- Fuel Flow Response Curve 

d. To determine the optimum airflow, use fuel flow setting determined 
above and vary airflow. 
versus airflow: 

Figure 2 shows a typical curve for response 

1 
RESPONSE 

/ OPTIMUM 
J 

AIRFLOW - 
FIGURE 2 - Airflow Response Cur 

After the optimum flow settings have been determ 
recorded for future reference. 

e 

ned these flows are t o  be 
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5.2.3 Oxygen Synergism E f f e c t  (THC Ana lyze r ) :  
d e t e c t o r  w i t h  v a r i e d  c o n c e n t r a t i o n s  o f  oxygen i n  t h e  sample f o l l o w i n g  t h e  
s teps  o u t l i n e d  below. T h i s  t e s t  s h a l l  be made w i t h  oven temperature a t  
t h e  s e t  p o i n t  and w i t h  gas flow t o  t h e  d e t e c t o r  a t  optimum c o n d i t i o n s ,  as 
determined i n  5.2.2. 

Check t h e  response o f  t h e  

a. I n t r o d u c e  n i t r o g e n  (N2)  z e r o  gas and z e r o  t h e  a n a l y z e r .  
u s i n g  hydrocarbon- f ree a i r .  The z e r o  shou ld  be t h e  same. 

The f o l l o w i n g  b lends o f  propane s h a l l  be used t o  determine t h e  e f f e c t  
o f  oxygen (02)  i n  t h e  sample: 

Check z e r o  

b. 

Propane i n  10% O2 1 ,  ba lance N2.  
Propane i n  21% O2 tr 1, ba lance N2. 

The volume c o n c e n t r a t i o n  o f  propane i n  each m i x t u r e  should be about 
500 pprn C, and t h e  c o n c e n t r a t i o n  o f  b o t h  t h e  02 and propane s h a l l  be 
known w i t h i n  +1% o f  t h e  a b s o l u t e  va lue .  The z e r o  s h a l l  be checked a f t e r  
each m i x t u r e  i s  measured. I f  t h e  z e r o  has changed, then  t h e  t e s t  s h a l l  be 
repeated.  

The response to  propane i n  21% O2 s h a l l  n o t  d i f f e r  by more than  3% from 
t h e  response to  propane i n  10% 02. 

c. I f  t h i s  s p e c i f i c a t i o n  cannot be met by changing t h e  sample f low r a t e  
or d e t e c t o r  parameters,  such as a i r  and /o r  f u e l  flow r a t e ,  i t  i s  
recommended t h a t  t he  d e t e c t o r  be rep laced .  

d .  A l t e r n a t i v e l y ,  a p p r o p r i a t e  c o r r e c t i o n s  should be determined, r e p o r t e d  
and a p p l i e d .  I t  i s  recommended, however, as c o n s i s t e n t  w i t h  good 
p r a c t i c e ,  t h a t  such c o r r e c t i o n  procedures should be adopted i n  a l l  
cases. 

5 . 2 . 4  R e l a t i v e  Carbon Response (THC Ana lyze r ) :  A comparison o f  response t o  t h e  
d i f f e r e n t  c lasses  o f  compounds s h a l l  be made u s i n g  ( i n d i v i d u a l l y )  propane, 
p ropy lene ,  t o l u e n e ,  and n-hexane, e a c h - a t  app rox ima te l y  500 ppm C 
c o n c e n t r a t i o n  i n  z e r o  a i r .  The c o n c e n t r a t i o n  o f  each gas s h a l l  be known 
w i t h i n  +1% o f  t h e  abso lu te  va lue .  I f  t h e  d i f f e r e n c e  i n  response t o  any of  
these w i t h  r e s p e c t  t o  propane i s  g r e a t e r  than 5%, check ana lyze r  o p e r a t i n g  
parameters.  Reducing sample f low r a t e  improves u n i f o r m i t y  o f  response. 

5 . 2 . 5  Conver ter  E f f i c i e n c y  Check (NOx Ana lyze r ) :  I n  t h e  absence o f  any s p e c i f i c  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s ,  t h e  NO2 t o  NO c o n v e r t e r  e f f i c i e n c y  may be 
determined by t h e  f o l l o w i n g  procedure,  u s i n g  t h e  apparatus desc r ibed  and 
i l l u s t r a t e d  i n  F i g u r e  3 .  

a. A t t a c h  t h e  NOIN2 supply  ('150 t o  500 ppm NO) a t  C2, t h e  O2 supp ly  
a t  Cl, and t h e  ana lyze r  i n l e t  connec t ion  t o  t h e  e f f i c i e n c y  d e t e c t o r  
a t  C3 .  
p l a c e  o f  O2 to  f a c i l i t a t e  b e t t e r  c o n t r o l  o f  t h e  NO2 generated 
d u r i n g  d.  

If lower c o n c e n t r a t i o n s  o f  NO a re  used, a i r  may be used i n  
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NOX CONVERTER EFFICIENCY DETECTOR 

c3 
CONVERTER 
INLET 
CONNECTOR 

0 FM2 

SUPPLY NO/Nz c2 U-däJ î‘l v 2 

__ 

F I G U R E  3 - Typical System for Determ nation of NO2 Converter Efficiency 

5.2.5 (Continued): 

b .  With the efficiency detector autotransformer off, place the NO2 
converter in bypass mode and close valve V3. Open valve MV2 until 
sufficient flow and stable readings are obtained at the analyzer. 
Zero and span the analyzer output to indicate the value o f  the NO 
concentration being used. Record this concentration. 

c. Open valve V 3  (on/off flow control solenoid valve for 02)  and adjust 
valve MV1 (02 supply metering valve) to  blend enough O2 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 c is reduced to about 20% of b. 
formed from the NO + O3 reaction. 
unreacted NO at this point. Record this concentration. 

NO2 is now being 
There must always be at least 10% 

e. When a stable reading has been obtained from d, place the NO2 
converter in the convert mode. The analyzer will now indicate the 
total NO, concentration. Record this concentration. 

- 1 1  - 
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5.2 .5 ( Con t i nued 1 : 

f .  Turn o f f  t h e  ozona to r  and a l l o w  t h e  a n a l y z e r  r e a d i n g  t o  s t a b i l i z e .  
The m i x t u r e  NO + O2 i s  s t i l l  pass ing  th rough  t h e  c o n v e r t e r .  
r e a d i n g  i s  t h e  t o t a l  NOx c o n c e n t r a t i o n  o f  t h e  d i l u t e  NO span gas 
used a t  c. Record t h i s  c o n c e n t r a t i o n .  I t  should be g r e a t e r  t han  or 
equal to  t h e  r e a d i n g  a t  c i n d i c a t i n g  whether or n o t  t h e  NO c o n t a i n s  
any NOZ. I f  t h e  r e a d i n g  i s  l e s s  than  t h a t  a t  c ,  a l o s s  o f  NO i n  t h e  
c o n v e r t e r  i s  i n d i c a t e d ,  which should be i n v e s t i g a t e d  and r e c t i f i e d .  . 

t han  r e a d i n g  o f  b i n d i c a t i n g  whether t h e  NO c o n t a i n s  any NOZ. 
t h e  NO c o n c e n t r a t i o n  i s  l e s s  than  t h e  r e a d i n g  a t  b, t h i s  i s  an 
i n d i c a t i o n  o f  a l o s s  o f  NO i n  t h e  c o n v e r t e r ,  which should be 
i n v e s t i  gated and r e c t i f i e d .  

T h i s  

g. C l o s e  v a l v e  V3.  The NO c o n c e n t r a t i o n  should be e q u a l . t o  or g r e a t e r  
If 

C a l c u l a t e  t h e  e f f i c i e n c y  o f  t h e  NO, c o n v e r t e r  by s u b s t i t u t i n g  t h e  
c o n c e n t r a t i o n s  o b t a i n e d  d u r i n g  t h e  t e s t  i n t o  t h e  f o l l o w i n g  equa t ion .  . 

% E f f i c i e n c y  = ~ e - x 100% 
f - d  

The e f f i c i e n c y  o f  t h e  c o n v e r t e r  should be g r e a t e r  t han  90%. 
t h e  c o n v e r t e r  temperature may be needed to  maximize t h e  e f f i c i e n c y .  

Adjustment o f  

h.  I f  t h e  c o n v e r t e r  e f f i c i e n c y  i s  n o t  g r e a t e r  t han  90%, t h e  cause of t h e  
i n e f f i c i e n c y  s h a l l  be determined and c o r r e c t e d  b e f o r e  t h e  ana lyze r  i s  
used. 

i. I t  i s  recommended, as c o n s i s t e n t  w i t h  good p r a c t i c e ,  t h a t  t h e  measured 
NOx va lue  be a d j u s t e d  (see S e c t i o n  11) t o  t a k e  i n t o  account t h e  
c o n v e r t e r  e f f i c i e n c y .  

5.3 P e r i o d i c  Checks: 

The f o l l o w i n g  checks a re  t o  be made p r i o r  t o  t h e  t e s t i n g  program and/or  a t  
i n t e r v a l s  as determined i n  5.1:  

a. Check l i n e a r i t y / c a l i b r a t î o n  curve ( a l l  a n a l y z e r s )  as o u t l i n e d  i n  5.2.1. 

b. Check O2 e f f e c t  (THC ana lyze r )  as o u t l i n e d  i n  5.2.3. 

c.  Check responses o f  propy lene,  t o luene  and n-hexane (THC a n a l y z e r )  as 
o u t l i n e d  i n  5.2.4. 

d. Check c o n v e r t e r  e f f i c i e n c y  (NOx a n a l y z e r )  as o u t l i n e d  i n  5.2.5. 

e .  Check response t o  i n t e r f e r e n c e  gases as s p e c i f i e d  i n  4.1.3 (CO, CO2 
ana lyze rs )  and 4.3.2 (NOx a n a l y z e r ) .  

f .  Record a l l  r e s u l t s  from a th rough  e.  

Any response d i f f e r i n g  s i g n i f i c a n t l y  from t h e  p r e v i o u s  check may r e f l e c t  
some problem i n  the  ana lyze r  system and a thorough check should be made. 
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5 . 4  Daily Routine: 

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

a. 

b .  

C. 

d. 

e. 

f. 

g. 

h. 

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

Clean or replace filters, as necessary. 

Check temperatures of analyzers and flow distribution system. 

Check all flows. 

Zero working ranges o f  analyzers using zero gas as specified in 6.3. 

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

Check zero and repeat f if necessary. 

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

Any response value differing by more than +2% from the previous value may 
indicate an analyzer problem. Check and correct as necessary. 

6. CALIBRATION GASES: 

6.1 Mixture Composition: 

Calibration gases for carbon monoxide and carbon dioxide shall be prepared 
using zero air as the diluent. 
component mixtures. Hydrocarbon calibration gas shall be propane in zero 
air. Three component mixtures of CO, COZ, and propane in zero air may be 
used provided the stability o f  the mixture is assured. Nitric oxide 
calibration gas shall be blended in zero nitrogen. 

They may be blended singly or as dual 

6.2 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 21%. 
may occur over a period of time after mixing, final analysis, and 
certification should be performed after a suitable aging period. 

Since changes in the gas mixture 

6.3 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 COZ, and 1 ppm 
NO,. Zero air shall be high purity air, but may be "artificial" air 
consisting o f  20 to 22% oxygen blended with nitrogen. 
than 1 ppm C hydrocarbon, 1 ppm CO, 100 ppm COZ, and 1 ppm NO,. 

It shall contain less 
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7. SYSTEM LAYOUT: 

The system l a y o u t  s h a l l  be as shown i n  F i g u r e  4 ,  w i t h  t h e  e x c e p t i o n  t h a t  
o p t i o n a l  arrangements or dev i ces  as d e s c r i b e d  i n  t h e  t e x t ,  a r e  p e r m i t t e d .  

EX HW ST 
D I  SCHARGE 

NO U LE 
PROBE 

I 
I 
l 

VENT VENT VENT VENT 

ANALYSIS 4 SY ST€M 

I 

Z E R O T I  
' I  

I 
I 

PNALY SI 5 
SYSTEM 

Z ER0 

t 
CO 

ri STEM 
A N i L Y S I S  

+ 
, 

NO, 
ANALYSIS 
SYSTEM 

FIGURE 

8 .  TEST PROCEDURE: 

a. Check t h e  sys 
o p e r a t i n g  t h e  
more than  2.0 
p e r i o d .  

NOTE: CO & CO WALYZEAS C A N  3E 
RUN IN  !ERIES. 

o 1moc 
-- L I N E  ÏEMPERATüRE CONTROLLED 

- L I N E  TEMPEt7ATURE CONTROLLED 
@ 65'C 

b. Check t h e  samp 

c.  Check t h e  samp 
c a l c u l a t i o n  or 

4 - Sampling System and Analyzer  Arrangement 

em f o r  l eaks  by i s o l a t i n g  t h e  probe and ana lyze rs  and 
sample flow pump. The system s h a l l  be s a t i s f a c t o r y  i f  no 
s tandard l i t e r s  (0.07 standard f t 3 )  pass i n  a 5 min 

i n g  l i n e s  t o  ensure t h a t  t hey  a r e  f r e e  from contaminat ion.  

y z e r  s by e t r a n s f e r  t i m e  from t h e  probe t o  t h e  ana 
measurement. (See 9.2.) 
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