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Purpose:

This document describes the measurement technology required for the quantification of specified
aircraft gas turbine engine generated gaseous and particulate contaminants in cabin bleed air
supplies, under normal operating conditions.

1.2 Sections:

2. REFERENCES:

2.1 Applicable Do

211

21.2

2.1.3

The procedure is divided into the following sections:

Scope

Reference
Recomme
Methodolo
Revisions
f. Appendix

©oapop

The following
latest issue of

the issue in effect on the date of the purchaseorder. In the event of conflict betwe

this specificati
Nothing in this
specific exem

SAE Publics

15096-0001}

ARP4418
Contaminan
AIR4766

S
nded Specification Limits of Contaminants

gy

Cuments:

publications form a part of this specifi¢ation to the extent specified h
SAE publications shall apply. The\applicable issue of other publicat

pn and references cited herein, the text of this specification takes pr
specification, however, supersedes applicable laws and regulations
ption has been obtained.

tions: Available from SAE, 400 Commonwealth Drive, Warrendale,
(DRAET)/Procedure for Sampling and Measurement of Engine G4

s in Bleed/Air Supplies from Aircraft Engines Under Normal Operati

(DRAFT)

erein. The
ons shall be
en the text of
pcedence.
unless a

PA

bnerated
hg Conditions

ASTM Publi

ation: Available from ASTM, 1916 Race Street, Philadelphia, PA 19

103-1187.

1992 Annual Book of ASTM Standards, Volume 11.03, “Atmospheric Analysis; Occupational
Health and Safety”

Intersociety Committee Publication: Available from Lewis Publishers, Inc., 121 South Main
Street, Chelsea, M| 48118.

intersociety Committee: AWMA, ACS, AIChE, APWA, ASME, AOAC, HPS, ISA “Methods of
Air Sampling and Analysis, Third Edition,” James P. Lodge, Jr., Editor
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2.1.4 JIS Publication: Available from Japanese Standards Association I-24, Akasaka 4, Minato-ku,

2.1.5

2.1.6 OSHA Publication: Available from

2.2 Definitions apd Terminology:

221

222

2.2.3

2.2.4

2.2.5

2.2.6

Tokyo 107 Japan.
Japanese Industrial Standard

NIOSH Publication: Available from National Institute of Safety and Health, Division of Physical
Sciences and Engineering (R-2), 4676 Columbia Parkway Cincinnati, OH 45226.

NIOSH Manual of Analytical Methods

Occupational Safety and Health Administration, OSHA Analytical Laboratory, Splt Lake City,
Utah.

OSHA Anglytical Method Manual

ACCURAQY: The closeness with which a measurement approaches the true Value as
established independently.

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

BIAS: ldenjtifiable systematic error'in measurement.

CALIBRATION GAS: A mixture of gases of specified and known composition Uised to
determine [the response ofian instrument to the concentration of gases in the mixture.

CAPTURHED OR GRAB SAMPLE: A sample which has been taken into a contdiner, or
adsorbed ¢nto a substrate, from the flowing stream, and which will be analyzedl subsequently
by an off-llne measurement technique.

Containers-are-typicalyTediar® plastic bags-orinternally-coated-metal-cylinders (as
recommended by the EPA). Substrates are loaded into glass tubes which are specifically
designed to capture certain molecular species.

CHEMILUMINESCENCE ANALYZER (CLA): An analyzer which quantifies No, concentrations
in gaseous samples and standard gas mixtures. It is based on the principle of measuring the
amount of light energy produced from the reaction between NO and ozone (Os). Any NO
present is measured directly, and any NO, present is first reduced to NO in a converter, and
then measured indirectly as part of the total No, value.
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2.2.7 CONTINUOUS SAMPLING: The presentation of a flowing sample to the analytical instrument

2.2.8

2.2.9

2.2.10

2.2.1

2212

2.2.13

2.2.14

2.2.15

2.2.16

2.2.17

2.2.18

2.2.19

in order to obtain continuous measurement of concentrations of the components

of interest.

ENGINE GENERATED CONTAMINANTS: Those substances produced directly by the engine,

including those formed by thermal degradation within the engine, and confined to
Section 1.

those listed in

FLAME IONIZATION DETECTOR (FID): An analyzer which quantifies organic hydrocarbon
species concentrations in gaseous samples or standard gas mixtures. It is based on the

principle of 1
species are purned in a hydrogen in air flame, within the instrument.
GAS CON(
calibration ¢
volume (pp

as mixture, expressed either as a volume percentage or asyparts pe
m-v).

INTERFER

the component that is to be measured.

NOISE: Rapdom variation in instrument output not asseciated with characteristi

H 4l ! 1 e () ! ! 1 1 !
Ieasuriry uic 1iargyc Tiuaimpers Ul TUTNS WIHCTT are grouuceu Wit TTyurg

ENCE: Instrument response to components present/in the gas mixtu

carbon

ENTRATION: The volume fraction of the component of interest in the sample or

I million by

re, other than

cs of the

sample to which the instrument is responding, distinguishable from the instrument drift

characteristjcs.

NONDISPBRSIVE INFRARED ANALYZERANDIR): An analyzer which by abso
infrared engrgy, selectively measures specific components.

ORGANIC MATERIAL: The sum total of all organic compounds, above and inc
molecules With 3 carbon atoms, of all classes and molecular weights, expressed
synthetic lupricating oil equivatent.

OXIDE OF [NITROGEN{NOX): The sum of nitric oxide (NO) and nitrogen dioxi
ratio, and reported asNO..

PRECISION: The closeness with which a measurement upon a given variant sg
reproduced| in. short term repetitions of the measurement with no intervening ing

Fption of

uding
as ppm-v of

e (NOp) in any

mple can be
trument

adjustment

REFERENCE METHODS: Those methods which have been identified as being
those detailed in this document for the quantification of individual pollutant speci
are recognized as acceptable alternatives for bleed air quality measurements.

equivalent to
es, and which

RESOLUTION: The lower limit capability of the instrument or analysis technique to

differentiate between samples of differing concentrations.

RESPIRABLE PARTICLES: All airbome particles which lie in the respirable size range of

2 um and smaller (see 4.3.3.5).
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2.2.20

2221

2.2.22

2.2.23

2.2.24

2.2.25

2.2.26

RESPONSE: The change in instrument output signal that occurs with change in sample
concentration. Also the output signal corresponding to a given sample concentration.

SPAN DRIFT: The time related change in response of the instrument in repetition of a span
gas measurement under identical conditions.

SPAN GAS: A calibration gas to be used for routine verification and/or adjustment of

instrument

or analytical technique response.

WS NT

formula of

TEST SE(Q
progresseg

ZERO DR
on a zero

ZERO GR
instrument

3. RECOMMENDEH

The cabin blee
contaminants and their recommended maximum allowable concentration limits in bl
supplies. The r

C,H,O, and a molecular weight of approximately 600.

UENCE: A series of functionally related tests in which the test oper
systematically, without interruption from one test mode, to»another.

FT: Time related deviation of instrument output from/zero set point
jas.

ADE GAS: A gas to be used to establish thezero, or no response a
and which is free from the component to. be measured by the instry

D SPECIFICATION LIMITS OF CONTAMINANTS:
i air quality requirements, as given in AIR4766, Table 1, provides a

nethodology contained within-'this document is applicable to these c

eral empirical

ation

wvhen operating

djustment of an
ment.

ist of
ped air
bntaminants and

these limits.
TABLE 1
Maximum Allowable Maximum Allowable
Concentration Above the Concentration Aboye the
Engine (Generated Ambient Level* Ambient Level*
Contamindnt ppm-v mg/m®

Carbon Diexide 400 720

Carbon Meanroxide 5 57
Hydrogen Fluoride’ 1 0.8
Oxides of Nitrogen® 1 1.9
Formaldehyde 0.3 0.4
Acrolein 0.05 0.11
Organic Material® 0.4 9.8
Respirable Particles 0.5

1

engine

elastomers, oil, seals, or any other compressor component.

2 Expressed as NO, equivalent.
8 Expressed as synthetic oil equivalent, assuming a molecular weight of 600.
* Concentrations are at 296 K (25 °C) and 101 kPa.

To be included only if fluorinated compounds are known to be present in the
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4. METHODOLOGY:

4.1 Test Format:

41.1

4.2 General Sampling Requirements:

4.2.1

4.2.2

Engine Test Program: In order to verify that the engine will perform satisfactorily in service, it is
important to measure the bleed air quality at as many stabilized conditions as possible over the
engine power range. It is recognized that because of high engine running costs it may not be
possible to check all conditions, but it is recommended that at least the following stabilized
settings be checked for all specification requirements:

An idle setting with the high pressure (HP) bleed selected.

A conditign just before HP to low pressure (LP) bleed switch occurs.

A conditign just after HP to LP bleed switch occurs.

A high pgwer condition, for example altitude cruise, with LP bleed selected.

apoow

It is importanf to ensure that the engine is configured to enable full-bleed flow to be taken
through the qff take pipe work during the test program.

Engine Inlet Measurements: The specification requires that’a separate determinagion for all the
contaminants| should be carried out on the engine inlet air during the test sequende, to provide
information op the magnitude of the ambient contamination levels.

in all cases gccount should be taken of these measured data in the calculation of|the engine
generated vdlues.

The sampling

transport to th¢ measurement instfimentation is described in this section. Analysig
for the individupl compounds afeydescribed in the measurement (see 4.3).

ethodology which deals with the extraction of samples from the engine and their

techniques

Engine Intakg: Samplesiof engine intake air should be taken via a forward facing| probe
mounted preferably on.the engine debris guard at a location close to the engine genterline.

Inlet air should be~drawn through the probe by means of a sample pump located gxternal to the
test cell at thg extremity of a sample transfer line which is connected to the probe loutlet.

The sample transfer line should be constructed of stainless steel or carbon loaded, grounded,
PTFE, and preferably heated to a temperature of 323 to 423 K and controlled to a stability of
125 K. (Heating is only necessary if the possibility exists for the sample to be cooled
significantly below ambient temperature en route to the analysis system.)

Samples for organic material and respirable particle estimations may be taken from this supply,
upstream of the pump, in accordance with the procedures given in 4.3.3.4(b) and 4.3.3.5(c).

Engine Bleed Off Takes: The engine bleed air system should be set up to ensure that normal
bleed airflows are in operation at each stabilized power setting.
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4.2.3 Probe Design and Sample Transfer: All samples of bleed air should be extracted from the
engine pipe work via a forward facing metal probe, installed at least 10 pipe diameters
downstream of any disturbance such as an elbow, orifice plate or valve, and at least 0.5
diameters upstream from any such disturbance.

4.2.4

The probe may be of single or multihole design and should, in the case of the former, be placed
at approximate duct center in a forward facing position. Static wall tapping probes should not

be used.

The probe o
requirements
orifice probg

Care should
473 K beforq

s L) L Lall - b - | £le - o Il Il £ Ll
mee(s) SIouiu v SIZEU U PIoviue SUMICITTIL Sallipie VUIUTTIE 10T all U

at all engine power settings (typically in the range 1 to 3 mm diamé

s).

analysis
ter for single

be taken to ensure that the gas temperature from the prolie*exit is gooled to below

p it enters the next section of sample transfer line.

Samples sh

uld be transferred external to the test bed via heated and controlled

stainless steel

or flexible carbon loaded, grounded, PTFE sample lines maintained within the temperature
range 323 tp 423 K and at a stability of +25 K. The total iength of line from prob¢ outlet to the

analyzer/sampling point external to the test cell shall he’as short as possible and
greater than 25 m.

Provision s
or external

The recomn

Sample Line
should be s
exhaust emi
below.

Prior to eac
and when o
the level of

preferably no

uld be made to bleed off excess.sample gas from this supply, eithef at the engine

the test bed.
ended sampling system is:shown diagrammatically in Figure 1.
Cleanliness: It is recemmended that a dedicated bleed air sampling
5sions testing sampling lines, their cleanliness must be assured as (
 engine.test, sample transfer lines should be checked to ensure tha

berating*at their normal temperature are not responsible for significa
brganic material in the incoming sample.

line system

bt aside for bleed @istest requirements. If it is necessary to use normal engine

escribed

they are clean
ntly increasing

A check on cleanliness may be carried out by connecting the sampling line to a “zero air”
supply, heating the line to its normal operating temperature, flowing zero air through the line at
a velocity similar to that of the sample during an engine test, and checking, by means of the FID
or the total capture technique, the organic material content of the outflowing gas.

The sample line should be regarded as being “clean,” when the organic material content of the
outflowing zero gas is at or below 10% of the specification maximum value; i.e., 0.04 parts per
million by volume.
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4.3 Contamination Analysis Techniques:

431

4.3.2 Continuous

4321

General Information: A number of options exist for the analysis of the majority of the listed
bleed air contaminants, and this document provides the detailed methodology for one preferred
analysis technique for each contaminant and references other acceptable published methods.
The detailed methodology for individual contaminants given here has been shown to be capable
of meeting the requirements of the referenced specification and it is recommended that any
other technique used for engine testing must have a demonstrable capability of meeting or
improving on the criteria set for each of the preferred methods.

The analyti
sample analysis techniques, and these are dealt with separately in the following

Carbon D

al techniques fall into two separate categories; i.e., continuous flow

Flow Sample Analysis Technigues:

ioxide, Carbon Monoxide, and Oxides of Nitrogen:

and extractive
text.

a. Analylical Methods: Carbon dioxide and carbon monopxide levels in the sample may be

C.

deterr

the latest issue of ARP1256.

Oxide
analy

Equip
follow
resolu

hined by nondispersive infrared (NDIR) techhiques to the requiremer

5 of nitrogen levels in the sample may-be determined by chemilumin
bis (CLA) techniques to the requiremeénts as given in the latest issue

ment Calibration: The NDIR-and CLA analyzers may be calibrated o
ng ranges (see Table 2), using appropriate gas standard mixtures al
tion, to the general requirements as given in the latest issue of ARP

ts as given in

pscence
of ARP1256.

ver the
nd to the given
1 256.

TABLE 2
Typical Typical
Analyzer Standard
Cophtaminant Range Resolution Gas Mixture
Carbo air

Carbot

n Dioxide 010 1000 ppm  £1% full scale 1000 ppm CO; in

+—Menoxide——0-te-50-pprm——+19%ful-seatle—50-ppm-CO-R—air

Oxides of Nitrogen 0 to 10 ppm +1% full scale 10 ppm NO in N,

Interference Effects: At the normal ambient levels of these bleed air contaminants, no
one species should significantly interfere with the determination of any other species
assuming the instrument meets the requirements of the latest issue of ARP1256.
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4.3.2.1 (Continued):

4.3.3 Extractive Spmple Analysis Techniques:

4.3.3.1 Hydrogen Fluoride:

d. Sampling Technigue: Samples shall be transferred from the engine bleed sampling probe
off take to the analyzers via electrically heated, flexible PTFE or stainless steel lines which
conform to the general requirements as given in the latest issue of ARP1256.

A general schematic layout for the overall sample transfer system is given in Figure 1.

The sample flow rate and the line length shall be such that the measured or calculated

samplj;mﬁmmmmmrmeressary, a
pump may be used to reduce the sample transfer time. If this pump is locgted upstream

of the analyzers it must be heated to the same temperature as the transfer [ine.

a. Analytical Method: Quantification of the hydrogen fluoride content in bleed jair supplies
may bé made by an anionic determination of fluoride.ions in aqueous solutipn by means
of an ipn exchange chromatograph incorporating @ conductivity detector.

b. Sampllng Technique: A standard volume of:-hfeed air from the engine supply (typically
50 L af 298 K and 101kPa) is passed throtigh two bubblers in series, both ¢ontaining a
specifigd volume of deionized water. The sample flow rate through the bubplers must be
such that the collection efficiency of @ny HF in the gaseous sample is greater than 90%
overall (typically 10 L/min). If thisieannot be achieved by two bubblers, more should be
employed.

On comnpletion of the sampling at any one engine condition, the bubbler solutions are
amalggmated and made up to their original volume with deionized water (thjs is only

necesgary if evaporative losses of more than 10% have occurred during th¢ sampling
procesp).

It is recommended that the temperature of the sampled gas into the bubblefs be kept at or
below B38\K, to minimize evaporative losses during sampling.

c. Equipment Calibration: The ion exchange chromatograph is calibrated over a range of
concentrations from 0 to 1 part per million by volume of hydrogen fluoride equivalent in the
gaseous engine sample, and the overall method must have a resolution capability of
0.1 ppm or better.

The ion chromatograph must be set up to ensure that adequate separation of the
following anionic species (chloride, bromide, iodide, fluoride, phosphate, nitrate, and
nitrite) can be achieved, and that the system parameters (flow rate, temperature, etc.) are
controlled such that sample repeatability is better than 0.1 ppm equivalent in the
gaseous sample.

-10 -
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4.3.3.1 (Continued):

The equipment shall be calibrated by means of repeat injections of appropriate standards
of high purity sodium fluoride in deionized aqueous solution.

Ideally a series of these standards should be used to calibrate the above operational
range, but in practice, since the detector is linear, a single standard corresponding to the
maximum value of 1 ppm is adequate (provided that the standard and engine sample are
measured on the same instrumental range). A blank determination should also be carried

out o
bubblg

Samp
bubbl¢
deioni
of mo

Appro
injects
sampl
should
4331

e. Refer
4.3.3.2 Acrolein:
a. Analy

made
reacti

Samp
40 L)
HF, e

e daelonized waler used 10 make up the standard solutons and In
I'S.

prs, the aqueous solutions are mixed and made up to their@riginal vq
zed water (this is only necessary if evaporative losses, as*mentioned
fe than 10% have occurred during the sampling proCess).

priate repeat volumes of aqueous sample are €xtracted from the bul
pd into the chromatograph after calibration. The concentration of HF
e is derived from the instrument calibrationZcurve and the finally repq
| take into account the magnitude of the“\measured solution blank (a

(e)).

ence or Acceptable Alternative Methods: See Appendix A.

lical Method: Quantifieation of the acrolein content in bleed air supp
by a spectrofiuorimetric determination of the 7-hydroxyquinoline pro
bn between acralein and m-aminophenol under controlled conditions

ling Technique: A standard volume of bleed air from the engine sup
s passed-through two bubblers in series, as previously described in 4
Kceptithat deionized water is replaced by stock solution (b).

Equi

the sample

le Analysis: When the required sample volume has been paSsed thijough the

lume with
in 4.3.3.1 (b),

K solution and
in the engine
prted value

5 mentioned in

ies may be
duced from the

ply (typically
1.3.3.1 (b) for

meht Calibration- The spectrofluorimeter is calibrated over a range

Of

concentrations from 0 to 0.05 parts per million by volume of acrolein equivalent in the
gaseous sample, and the overall method must have a resolution capability of 0.01 ppm or

better

The spectrofluorimeter is set up at an excitation wavelength of 346 nm and an optimized

emiss

ion wavelength in the range 400 to 600 nm.

The instrument emission slit width and sample cell size must also be optimized and
controlled.

-11-
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4.3.3.2 (Continued):

Separate stock solutions of the following chemicals are prepared:

(a) Acrolein in Deionized Water: At a concentration level suitable for the production of a
series of standard solutions covering the range from 0 to 0.1 ppm-v.

(b) m-Aminophenol/Hydroxylamine Hydrochloride in Hydrochloric Acid: Approximately
2.86 gms m-Aminophenol and 3.43 gms hydroxylamine hydrochloride in 85 mL

CdQ

Specifi
ice, an
fluores

Sufficig
carried

ZErO.

Care s

tempe
to the

of this

take in
e. Referd
4.3.3.3 Formaldel

a. Analyti

spectr:ﬁphotometrically as a function of the color density of a solution produ

stage

Sampl¢
combir
descrif

b i Ll (] 1ol - | L b H el (] - - (] b
HCCETIraturl. rTyurotimoric acliu 1miauc up v 1 L WILIT UCiorniZcu walclt.

bd volumes of these two solutions are combined, heated in a steam
d equilibrated to room temperature for specified time periodspafter w
Cence is measured by the spectrofluorimeter and a calibration graph

nt volume of each standard should be made up to_enable repeat cal
out if necessary, and a reagent blank should besed to set up the

hould be taken at all stages throughout this’determination to ensure
atures and color development times are*accurately monitored as the
success of the method.

|

e Analysis: A specified volume afysample (typically 15 mL) is extract
ed bubble sample volume and_chemically analyzed by the same tec
ed in 4.3.3.2(c) for the standard acrolein solutions (a). The acrolein
sample is derived from the calibration curve, and the finally reported
fo account the measured solution blank, as mentioned in 4.3.3.2(c).

nce or Acceptable Alternative Methods: See Appendix A.

yde:

cal Method: The formaldehyde content in bleed air supplies may be

bath, cooled in
hich their
is produced.

brations to be
nstrument

that solution
5e are critical

pd from the
nique as
concentration
value should

determined
ced by a two

ydrazone

hydrochloride (MBTH) initially, and an oxidation reaction of this complex and more MBTH
by a mixture of ferric chloride and sulfamic acid.

Sampling Technique: A standard volume (typically 30 L at 298 K and 101kPa) of bleed

air from the engine supply is passed through two bubblers in series (at a flow rate of
typically 10 L/min) as for HF, except that the deionized water is replaced by MBTH stock
solution (a).

-12-
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4.3.3.3 (Continued):

¢. Equipment Calibration: The spectrophotometer is calibrated over a range of

concentrations from 0 to 0.5 parts per million by volume of formaldehyde equivalent in the
gaseous sample, and the overall method must have a resolution capability of 0.05 parts
per million or better.

The spectrophotometer is set up at an optimized wavelength in the range 625 to 630 nm,
with a red photocell and controlled sample cell size.

Separate stock solutions of the following chemicals are prepared:
(@) NIBTH: Approximately 0.5 gm/L in deionized water.

(b) Rerric Chloride/Sultamic Acid: Approximately 10 and 16 gm/L respectjvely in
deionized water.

{c) Hormaldehyde in Deionized Water: At a concentration level suitable fpr the
groduction of a series of standard solutions cévering the range 0 to 0.6 ppm-v.

Increments of solution (¢) are transferred to standard volumetric flasks to Wwhich are added
a standard volume of solution (a) (typically:20 mL).

This dolution is allowed to stand for at(least 1 h, after which time a standard volume of
solutipn (b) is added (typically 2 mLi).

After p further controlled period-of standing (typically 6 min % 1min) the sojution is made
up to|the mark with deionized water and left to stand for a further controlled period
(typicplly 12 min + 3 min).

The golor intensitysef*each standard is then measured on the spectrophotpmeter, together
with that of a reagent blank that has been prepared in the same way, and [a calibration
curve|is produced.

Sampgle-Analysis: Aliquots of each of the sample solutions obtained by th¢ technique
describedHr—4-3-33tb}aretreated—similarlyte—theformaldehyde—calibratioh solutions. The
total aldehyde concentrations are derived from the instrument calibration curve, and the
finally reported values should take into account the magnitude of the measured solution
blank (as mentioned in 4.3.3.3(c)).

It is recommended that the equipment calibration and sample analysis procedures should
be carried out simultaneously and time periods of longer than 1 h between calibration and
sample analysis should be avoided.

Reference or Acceptable Alternative Methods: See Appendix A.
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4.3.3.4 Organic Material:

a. Analytical Method: The recommended method involves a total adsorption technique

which is followed by thermal desorption and catalytic oxidation of the organi

¢ material, at

high temperature, to carbon dioxide. The carbon dioxide content of the sample is
quantified by NDIR analysis and the final results are expressed in terms of a volume

concentration of synthetic oil equivalent in the original bleed air sample volu

heated .
at a controlled flow rate, in the range of 0.5 to 1.5 L/min, and controlled tem
through| specially prepared, previously sealed glass absorption tubes contai

, the tubes are immediately resealed and transferred to the laborat
pletion.

Equipm)
in Figure 2.
Zero or
cylindet

artificial air should be supplied from a cylinder and the flow controlle
regulator.

Trace quantities of CO, and hydrocarbans should be removed if necessary
carrier gas flow by chemical techniques and the standard four way valve for
injection may be manually or pneumatically operated.

The sal

of 673 K £ 25 K and.the high temperature furnace is of typical commercial d

operatipnal range‘ef-up to 1200 K. Inside the furnace tube is a further ceran
packed|with a metal or metal oxide catalyst for oxidation of the organic mate

controlled atéa temperature of 973 K £ 25 K by the furace.

Water Tl

as chromatographic grade, 60 to 120 mesh silica gel. On camipletio

ent Calibration: The analysis system should be.set up as shown dig

me.

Sampling Technique: Samples for analysis are taken from the engine bleed off take

pically 5 L),
erature,

ing high

h of the

bry for

within 8 h of

grammatically

| by the gas

rom the
CO, mixture

ple tube is normallysmade from heat resistant 12.5 mm diameter glass and
contain$ typically a 30 to 50-mm plug of 60 to 120 mesh silica gel. This tubg
surrounded by a small low temperature heater which operates at a controlle

is

d temperature
Psign with an
hic tube,

rial which is

lon and the

NDIR CO; analyzer should satisfy all the operational criteria as outlined in the latest issue
of ARP1256. The choice of chart recorder and integrator systems is optional, and a

logger/PC combination would be equally acceptable.

The analyzer should be calibrated before use over its operational linearized

range using

the appropriate zero and calibration gas standards (typically zero grade air and 1000 parts

per million of CO; in balance air).
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4.3.3.4 (Continued):

Zero grade air is passed through the analysis system at a controlled flow rate (typically
20 L/h) and the tube heater and oxidation furnace switched on and allowed to reach their
operating temperatures.

All instruments and heaters in the system should be allowed to warm up for at least 1 h
before use, and zero grade air should be flowing through the system for this period.

After warmtp—the-systemis—catibratedby-means—of-injectingrepeat-stands
the CO} calibrated gas standard (typically 1000 ppm-v), via the injector vaiv
loop syptem, into the zero grade air stream and measuring the resultant inte

The saiple loop is refilled in between each injection by purging it for-typicall
with the

The vol
standarf
the con
specifig

The intf

counts

been ¢

Insert t

Sample

gas standard at a flow rate of typically 0.1 L/min.

trolled engine sample volume contaminated with organic material at
ation maximum value.

are consistent to within 1% of the mean.

place the low temperature heater over the tube downstream of the silica gel

Connedt the zero air supply;to the tube and note, but ignore, the first peak
the chalrt recorder, which corresponds to the CO, adsorbed onto the silica
sampling.

Once the atmospheric CO, has been driven off, the low temperature heater

moved
temper

overdhe silica gel plug to desorb all the adsorbed organic material in
hture”total oxidation furnace.

ume of the sample loop in combination with the CO4 concentration in
d should correspond approximately to that signalAvbich would be pr¢

oduction of standard gas by this means<should be repeated until the

Analysis: Remove the blank silica gel tube from the system when @
pmpleted and remove the endicaps from the first sample tube to be analyzed.

d volumes of
e and sample
bgrator count.
y about 15 s

the gas
duced from
Or about the

integrator

alibration has

ne silica gel sample tubetinto the analysis system as indicated in Figyre 2 and

plug.
roduced on
el during

may be
to the high

Integrate the area of the CO, peak(s) produced and calculate the concentration of organic
material in the original sample by reference to the system calibration data.

Repeat this technique for all the samples to be analyzed.
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4.3.3.4 (Continued):

e. Calculation Procedure: The following calculation derives the relationship between the
measured CO; concentration from the sample analysis in ppm-v and the organic material
concentration as ppm-v in the original sample of bleed air (expressed as synthetic
lubricant equivalent).

The molar mass of a typical 5 ¢St oil is approximately 600 and its compaosition by mass
percentage is as follows:

@ C
(b) H
(¢) C

If the
is eq

or

whereg:

arbon - 72%

ydrogen - 9%
xygen - 19%
assumed concentration of organic material in the bleed-air sample ig
Livalent to:
O, x72x 44
X ppm-w of CO
100x12 ¥ 2
Op X 72 x 44 x 11845 ppm — v of CO,
100x 12 x 1811
DPpM-w = Parts per million by weight
bpm-v = Parts per million by volume

Molar mass ofiCO, =44
Molar mass~of-Carbon = 12

Density of air at 298 K =1.1645

Density of CO, at 298 K=1.811

= 1.727 X O = CO, ppm-v

CO, ppm-v

& 1727

=0, ppm-—w

Om ppm-w, this
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4.3.3.4 (Continued):
Convert Og, from ppm-w to ppm-v (0,) by:

_ O x29 or CO, ppm-vx29

v

600 600 x 1727
where:
Mglar mass of air = 29
Mglar mass of oil = 600
~.0, =CO, ppm-vx 2.8 x 1 0? (Eq.1)

The conversion of the integrator count into CO, ppm-v is achieled by:

Ayxaxb

co -v=
2PPM-V ==y

(Eq.2)

where:

A, = Integrated area of the sample

A;|= Integrated area of the standard

a = Concentration of CO; in the standard as ppm-v
b = Volume of standard injected (liters)

V % Volume of sample (liters)

Combining Equations 1 apd~2 provides the final concentration of organic material in the

sampled bleed air expressed as parts per million by volume of synthetic oil equivalent as
shown |n Equation 3:

28x102x A, xaxb
0, = A 1 (Eq.3)
2 XV

NOTES:

(a) The silica gel sample tube should not be connected into the system in such a manner
which permits zero air to pass through the tube before it is connected to the rest of
the system, otherwise lighter fractions of the organic material contamination may be
desorbed prematurely from the gel bed.

(b) The two desiccants recommended for use are general purpose grade calcium
chloride granules, and self-indicating calcium sulfate granules. Both desiccants
should be changed immediately if any discoloration of the calcium sulfate occurs.
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4.3.3.4 (Continu

(©)

ed):

It is important to ensure that the NDIR analyzer output and integrator

response are

synchronized. This may be achieved by zeroing the NDIR analyzer and adjusting the

integrator until it is just on the point of counting when this occurs. Th

e chart recorder

should be set up to confirm this visually both at the original zero point and when the
analysis has been completed, when counting should stop.

Check the synchronization of the integrator, NDIR analyzer, and chart recorder

(d)

f. Refe

4.3.3.5 Respirak
general nuisance particles that are only considered hazardous to human heal
size rang

Sampling

presents
particles
transfer |
equipme

In practic

engine ¢

within thq

Thus, the

particles

or less. 1
transport]

location.

analysis procedures.

EIWEEN each sampie and adjust as appropriate.

A\ NDIR analyzer not incorporating a linearized output should not’be
measurement due to the difficulties which occur with both the ¢alibra

ence or Acceptable Alternative Methods: See Appendix A.
le Particles: Engine generated particles are generally accepted to c
e falls within the so called alveolar or respirable fraction.

and analysis of the alveolar fraction;of engine generated particulatg
a number of practical difficulties inyan engine test cell environment.
within this fraction will not be quantitatively transported through the |
nes required to transfer the 'sample from the engine to the particle
Nt.

e, a similar situation ‘will exist on the aircraft in relation to the quantit
enerated particulateyinto the cabin via the air conditioning pack. The
p alveolar range(will suffer similar losses for similar reasons.

b pragmatic¢@approach to this dilemma within SAE has been to define
(for the purpose of this document) as those with an aerodynamic dia
he assumption is then made that this size fraction of the particulate

sed for this
ion and sample

pbmprise of
th if their particle

material
The larger
bng sample
neasurement

ative transfer of
larger particles

respirable
meter of 2 pm
material will be

pd- with close to 100% efficiency from the engine to the measuremerrt equipment

The following methodology reflects this approach.

a. Analytical Method: Concentrations of respirable particles in bleed airstreams are
determined by passing a known volume of air through a filter of predetermined weight. By
reweighing the filter after this operation, the quantity of material is determined by
difference. Care must be taken to ensure that the filter weighing techniques take account
of ambient humidity and temperature effects in accordance with standard laboratory
practice.
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4.3.3.5 (Continued):
a. Apparatus:
(a) Filters with a capture efficiency of 99.9% for particles above 0.3 urn.

(b) A balance capable of weighing to an accuracy equivalent to a particulate
concentration of 0.05 mg/m™ in the sampled volume.

Figure 3Shows a typical fayout for sampiing respirable particies.

¢. Sampling Technigue: Prior to the commencement of sampling, a preweighed, conditioned
filter is placed in the fitter holder. Sampled air from the engine bleedZair supply is
transpofted, via the heated line system, to the filter and a sample‘of typically
2 to 3 m® in volume is passed through the filter.

At the ¢nd of the sampling period the pump, if required, 4s ‘switched off and Jhe filter is
removef, reconditioned, and reweighed to determine the ‘mass of the captuned particulate.

d. Calculdtion of Results: The weight gain of the filter{mg) is divided by the vglume sample
to give the average concentration in milligrams per cubic meter.

The vollime sampled is corrected to 298 K\and 101 kPa.

e. Reference or Acceptable Alternative\Techniques: Any technique which can|be
demondtrated to effectively capture-those particles in the air stream which li¢ within the
required size range and which_prevides a mass measurement of the capturgd particles
which ig traceable to international standards.
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