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ternational Standards is normally carried out through ISO
mmittees. Each member body interested in a subject for

nical committee has been established has the right to be rep-
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s of electrotechnical standardization.

tional Standards adopted by the technical committees are cir-
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Standard ISO 11042-1 was prepared by Technical Comimittee
Gas turbines.

onsists of the following parts, under the generaktitle Gas tur-

aust gas emission:

Measurement and evaluation
|Automated emission monitoring
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Gas turbines — Exhaust gas emission —

Part(1:
Measurement and evaluation

1 Scope

This parf of ISO 11042 establishes the methods used
for the rmpeasurement and evaluation of the emission
of the ekhaust gases from gas turbines and defines
approprigte emission terms. It presents requirements
for the tpst environment and instrumentation as well
as the qgliality of measurement and correction of data.
This allojvs uniform judgement of the exhaust emiss<
sions. The relationship between the various forms-of
expressipg the exhaust emissions is also given,

The congtituents to be measured in accordance with
this part|of ISO 11042 standard should be determined
by mutugl agreement between the parties involved.

This part|of ISO 11042 is applicable for all gas turbines
producing mechanical shaft power and/or which are
used as| drivers for electrical "generation excluding
application in aircraft. FoCinstallations which include
an exhayist gas heat récuperation system, the defi-
nitions of this part of ISO™11042 can be used as a basis.

This par{ of 1ISQ11042 is applicable for gas turbines
which ufilize, the*open cycle process. It is also appli-
cable as| a- basis for gas turbines which utilize the
semi-closed‘cycle and gas turbines equipped with free

to revision, and’parties to agreements based on this
part of ISO\}1042 are encouraged to inviestigate the
possibility of applying the most recent edjtions of the
standards indicated below. Members of |EC and I1SO
maintain registers of currently valid Internptional Stan-
dards.

ISO 2314:1989, Gas turbines — Acceptange tests.
ISO 2533:1975, Standard atmosphere.

ISO 5063:1978, Atomizing oil burners of the monobloc
type — Testing.

ISO 6141:1984, Gas analysis — Calibration gas mix-
tures — Certificate of mixture preparation.

3 Definitions

For the purposes of this part of ISO 11042, the follow-
ing definitions apply.

3.1 emissions: Constituents which enter the en-
vironment with the exhaust gas.

piston compressors or with special heat sources.

This part of ISO 11042 can be used as an acceptance
test for gas turbine exhaust gas emissions.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this part of 1ISO 11042. At the time of publication, the
editions indicated were valid. All standards are subject

In this part of ISO 11042, emissions comprise the fol-
lowing:
nitrogen oxides NO,; sum of NO and NO,,
expressed as NO,

nitrogen dioxide NO,
carbon monoxide CO
carbon dioxide CO,

sulfur oxides SO,; sum of SO, and SO3,

expressed as SO


https://standardsiso.com/api/?name=0feb95650d653abdf0dfe25abb6ebf8e

ISO 11042-1:1996(E) ©1SO

3.9 parts per million carbon {(ppmCy): The mole
fraction of hydrocarbon multiplied by 106 measured on
a "CH4" equivalence basis.

UHCs; sum of all individual
products, expressed as CHy

unburned or partially
burned hydrocarbon
products

volatile organic com- VOCs; UHCs excluding CHg4

1 ppm of methane is indicated as 1 ppmCy1).

pounds and CoHg but expressed as
CHg4
ammonia NH 3.10 repeatability: The closeness with which a
3 measurement upon a given invariant sample can be
smoke as measured by the produced on a short-term basis with no adjustment of

Bacharach method accord- the instruments.

ing to ISO 5063

solid particles attsofid partictes produced 31T resolution: Smallest detectable chande in a

by the combustion process measurement.

3.12 response: Change in instryument outpu} signal
that occurs with change in sample concentration;
output signal corresponding tosa given sample con-
centration.

3.2 accuracy: The closeness with which a meas-
urement apprioaches the true value established inde-
pendently.

3.13 stability/calibration drift: Time-relatefl devi-
ations of the output-signal of the instrument measur-
ing a calibrationrgas for a given set point.

3.3 calibratjon gas: High-accuracy reference gas
mixture to bg used for setting, adjustment and per-
iodic checks df instruments.

3.14 reélative hydrocarbon response: The djfferent
responSe of the test equipment to the sampld hydro-
carbon’ concentrations expressed as eqiivalent
ppmC,, dependent on the class or admixfure of
classes of hydrocarbon components.

3.4 concentration: Volume fraction ¢; of the com-
ponent of interest in the gas mixture, expressed as
volume percgntage [(% (V/V)] or as parts per million
(ppm).

3.5 interfergnce: Instrument response due to the

3.15 zero air: Mixture of oxygen and nitrogeén hav-
presence of @ gas or vapour other than the gas.er

vapour that is

3.6 linearity
proportionally

to be measured.

to an input signal.

: Ability of an instrumeént~to respond

ing the same proportion of oxygen as atmosph
free from other components.

3.16 zero drift: Time-related deviation of inst
output from zero set point when it is operatin

Bric air,

rument
gona

gas free of the component to be measured.

3.7 noise: Random variation) in instrument output
not associated with those™ characteristics of the
sample to which the dhstrument is responding; dis-
tinguishable flom its«dFift characteristics.

3.17 zero gas: Gas to be used in establishjng the
zero, or no-response, adjustment of an instrumént.

3.8 parts per mititon (ppm)TVvoiumetic concen- 4 —Symbots

tration of the component i in 108 volume parts of gas

mixture. See tables 1 and 2.

1) To convert ppm concentration of any hydrocarbon to an equivalent ppmC; value, multiply ppm concentration by the num-
ber of carbon atoms per molecule of the gas; e.g. 1 ppm propane translates as 3 ppmC, hydrocarbon; 1 ppm hexane as
6 ppmC4 hydrocarbon.
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Table 1 — General symbols

Symbol Term Unit

en Net specific energy, lower calorific value kJ/kg

E Exhaust gas emission value —_

EM; Exhaust gas emission value as constituent concentration of component i at 0 °C mg/m3
and 101,3 kPa

EM; 15,dry Same as EM;, related to an oxygen volumetric concentration of 15 % in dry mg/m3
exhaust gas

EMi,f Samae-as l?)ll“ related-to consumed fuel anorg\’/ /GJ

EM; p Same as EM,, related to power supplied h/kWh

EP Exhaust gas emission value for solid particles mg/m3

ES Exhaust gas emission value for smoke -

EV Exhaust gas emission value as a volumetric concentration cm3/m3

EV; Exhaust gas emission value as a volumetric concentration of eemponent i cm3/m3

EV;15.dry Same as EV,, related to an oxygen volume content of 15 %7in dry exhaust gas cm3/m3

m Mass g

M Molar mass g/kmol

Mot Total molar mass g/kmol

n Quantity of component mol

n; Quantity of component i mol

Riot Total quantity of components mol

P Shaft power output of gas_tdrbine W

Gm Mass flow als

qy Volume flow m3/s

V; Volume of component i N3

Vimn Molar specific volume m3/kmol

Vo, dry Volume'of dry exhaust gas at normal conditions? 3

Vi, 15.dry Volume of dry exhaust gas at normal conditions related to an oxygen content of 3
15 %

Vi wet Volume of wet exhaust gas at normal conditions?) 3

Viot Total volume of components i 3

X; Partial quantity, equal to n;/ny

z Limiting number

Z Real gas factor (compressibility) 1

p Density kg/m3

Ppa Density of particle material kg/m3

¥coy,dry Volumetric concentration as percentage of CO, in dry exhaust gas %

$CO,,stoich,dry Volumetric concentration as percentage of CO, in dry exhaust gas with %
stoichiometric combustion of the fuel used

®Hy0 Volumetric concentration as percentage of water vapour in exhaust gas %
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Table 1 — (concluded)

Symbol Term Unit

O dry Volumetric concentration in dry exhaust gas cm3/m3

O wet Volumetric concentration in wet exhaust gas, equal to V;/Viy cm3/m3

$0,,dry Volumetric concentration as percentage of O, in dry exhaust gas %

NOTES

(see ISO 2314).

1 To identify a particular station along the gas path the subscript g is used, e.g. g7. Subscript 7 identifies the turbine outlet

2 Inthis par{of ISO 11042, 15 % O, is used as a typical value; alternative oxygen contents may be used by agreefnd

3 The referehce temperature of 0 °C is chosen because of available chemical data and evaluation methods.

nt.

1) Normal prefssure: p, = 101,3 kPa
Normal temperature: 1, = 0 °C

Table 2 — Chemical symbols and abbreviations

Symbol Compound

CcO Carbon monoxide

CO, Carbon dioxide

H,O Water

Ny Nitrogen

NH3 Ammonia

NO Nitrogen monoxide

NO, Nitrogen dioxide

NO, Sum of nitrogen oxides

0, Oxygen

SO, Sulfur dioxide

SO3 Sulfur trioxide

SO, Sum of sulfur oxides

UHC Unburned or partially‘burned hydro-
carbon products

VOC Volatile organiclcompounds

5 Conditipns

5.1 Gas turbine and fuel

— fuel details;

— equipment in eperation which affects th
sions and which is part of the complete
e.g. catalytic converters, water or steam i
evaporative coolers, condensors, etc. A
detailsrof all flow rates shall be noted.

NOTES

18%The definition of the power output, the exh
mass flow rate and/or the fuel flow rate, the measuy
and calculations should be defined by agreement

the parties involved (see I1SO 2314).

2 Exhaust gas emissions are affected by the fue
teristics (e.g. fuel-bound nitrogen). Therefore, rele
tails of the fuel should be noted, including ap
chemical analysis, temperature, physical proper
flow rates.

5.2 Measured values
The following values shall be measured:
— volumetric concentration of gaseous cons

related to wet exhaust gas (¢; wet) OF to
haust gas (¢; gry);

£ emis-
bystem,
jection,
elevant

ust gas
rements
between

charac-
vant de-
bropriate
ies and

tituents
dry ex-

— exhaust gas emission value for sm

ke —

In connection with gas turbine emissions, the follow-
ing shall be indicated for the respective measurement
conditions:

— manufacturer of the gas turbine;

— type of gas turbine;

— power output and exhaust gas mass flow and/or
fuel flow at the conditions at which the emission
measurements are taken;

— ambient conditions, i.e. pressure, temperature
and humidity of the surrounding air;

Bacharach number (ES) (smoke number according

to ISO 5063);

— gravimetric concentration of solid particles within

the wet exhaust gas (EP), if specifically
upon.

5.3 Standard conditions
Standard conditions shall be:

— pressure: 101,3 kPa

agreed
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15 °C
60 %

— temperature:

— relative humidity:
(see ISO 2314:1989, 3.2.1).

NOTE 3 A reference temperature of 0°C is chosen for
chemical calculations because of available chemical data
and evaluation methods.

ISO 11042-1:1996(E)

b) the transfer and conditioning system;

¢) the analytical instruments and the data acquisition

system.

The measurements shall be performed by continuous
flow sampling and be representative of the gas flow.

In the case of a gas turbine installation, the sampling

point shall be determined beforehand:

— by modelling, i.e. simulation of the gas veins (de-

pendent on the obstacles and on t
rate — turbulent laminar flow):

he gas flow

6 Meisurements

61 D
gas

ermination of constituents in exhaust

The conptituents are measured or calculated as indi-
cated below.

Total N(, as NO,:  see 7.2
CO and £O: see 7.3.
SOy: see 7.4.
SO3: no recommended method is

specified.

Total SO|, as SO,:  shall be calculated using the

sulfur content of the fuel.

H,0: to be measured or calculated
(using combustion calculation
taking into account air humidity).

UHCs: see 7.5.

VOCs: see 7.5.

Ammonig: see 7.6.

Oxygen: see 7.7; alternatively a calcula-
tion may)be adopted upon
agreement of the parties.

Smoke: see 7.8.

Solid patticles: see 7.9; any solid particles in the

inlet air which contribute signifi-
cantly to the particles in the ex-
haust gas must be subtracted

— or by determination of the meanyvelocity within
the sleeve which becomes the-pdin{ representa-

tive of the gas sample;

— or by mutual agreemert| based on
standard or on experience.

A single sampling plane," requiring only o
usually adequate for—measuring emissio
installation with ‘er”without supplement
operating.

In cases.\where the gas turbine plant is
with any{system other than a silencer, a
tem_and a chimney between the engine

an existing

he set-up, is
ns from the
hry  systems

hot provided
ducting sys-
exhaust and

discharge to atmosphere, the sampling site should be

selected as close as practical to the ex
engine. In cases where any of the follow
is provided such as a heat recovery §
sequent firing systems, dilution systems,
tems, etc., the sampling site shall be dg
mutual agreement between the parties in

The traversing plane shall not be locate

naust of the
ing systems
ystem, sub-
de-NO, sys-
termined by
olved.

i within the

area of exhaust gas discharge to atmosphere in order

to allow recirculation of ambient air.

6.2.2 Sampling probe

The sampling probe should provide a reg
sample of the exhaust gas. The use of a
eraging probe with holes covering equal
cross section of the exhaust duct is recon
obtaining such a representative sample. A

presentative
multihole av-
areas of the
nmended for
demonstra-

Trom the reported values.

6.2 Guidelines for the arrangement of the
measurement system

6.2.1 General
Basically, three parts shall be considered:

a) the sampling probe;

tiomshoutd-beade toensure that the p

obe actually

measures a sample representative of the main gas
flow. This should be done regardless of the type of
sampling probe used.

The sampling probe and vacuum pump to be used for
the test shall be capable of continuously supplying a
sufficient volume of sample gas to the analysers.

If traverse measurements are required to demon-
strate representativeness then the probe shall be
adequate to allow full assessment of the exhaust
channel.


https://standardsiso.com/api/?name=0feb95650d653abdf0dfe25abb6ebf8e

ISO 11042-1:1996(E)

The probe shall be long enough to allow full traverse
of the exhaust channel. Procedures to establish probe
positions shall be agreed upon between parties in-
volved.

6.2.3 Transfer and conditioning system

The sampie transfer lines for samples for measure-
ment of smoke, solid particles and gaseous constitu-
ents shall be separate.

A principal system containing the important com-
ponents is shawn in figllra 1 \When special analytical

© IS0

regulators, valves, flowmeters etc. Material in contact
with the sample shall be corrosion resistant, i.e.
stainless steel or carbon-loaded PTFE. The overall
temperature of the sample shall be maintained at a
value consistent with local pressures and which
avoids condensation of water and hydrocarbons.

All the equipment used shall have had the necessary
performance checks in accordance with clause 7 of
this part of ISO 11042.

equipment is [used, this arrangement may need modi-
fication.

Depending on the operating principle of the analyser
the sample shall be conditioned accordingly. In order
to avoid condgnsation of the sample constituents, the
entire sample| line shall be heated up to temperatures
at least 10 K gbove the condensation temperature of
the exhaust gps.

When the sample is processed through a water separ-
ator, the sample line shall be heated to at least as far
as this device

For natural gap or light hydrocarbon fuels with a sulfur

content of les
ture of 150 °Q

s than 1 % (m/m) a minimum tempera-
(423 K) shall be applied. For this reason,

it is recomm¢nded that all the equipment, including

the pump(s),
always be ke
the sampling |

be heated. The temperature level shall

bt constant within = 5 K. For all items in

ne the following points apply:

All materjal in contact with the sample shall be
made of |non-reactive material (stainless steel(or
equivalent).

It is recofnmended as being consistent With good
practice {o purge PTFE (polytetrafluoroethylene)
by meand of a continuous flow of pureg nitrogen in
order to remove residual solvents,from the manu-
facturing |process. During this-procedure the line
shall be heated to the temperature specified for
the analygis of the particdlar component.

All connegtions and_items shall be free of leaks.

All companents shall be designed to operate up
to requiref tetmperatures.

6.3 Performing the test, test report,
evaluation

The test shall be performed after’the gas turbjne has
reached steady operating conditions as spedified in
ISO 2314. Variation of ambient humidity expregsed as
water mass content indry air should not fxceed
10,5 g/kg during testing? If ambient conditiops vary
and exceed the above: limitations, corrections fnay be
applied if agreed{pon between the parties invdlved.

The analysersishall be calibrated before and after the
test.

The whole system shall be checked prior to [testing
and at regular intervals. Special checks on thg tight-
ness of the assembly shall be performed. JAll the
equipment to be used shall have had the negessary
performance checks carried out within the timg speci-
fied in the manufacturer's specified measufement
test procedures.

Multiple measurements (minimum of 3) shall b¢ taken
only when the analytical equipment is providingd stable
readings and at the same time the readings |of gas
turbine performance shall be taken.

Instruments subject to calibration drift problems due
to temperature variations shall be housed in g stable
thermal environment.

The arithmetic average value of measuremdnts of
three individual test runs constitute a complefe test.
The minimum sampling time for each measufement
shall be at least one minute plus the average $ystem

Where |ong limes“are ||n:a\/nir~|nh|n’ His—recommended

to insert a second dump pump which provides sample
gas in larger guantities.

The sample transfer time between probe and instru-
ments should be as short as possible, preferably less
than 30 s.

6.2.4 Analytical instruments

The instruments used shall be complete with all
necessary flow rate control components, such as

response time. The measurements shall be the aver-
age steady state concentration for the sampling time
(see 7.9).

Test time for particle measurement shall be extended
as required to provide the accuracy agreed upon.

A test report, as shown in table A.1, shall be prepared.
The evaluation may be performed in accordance with

the sample calculation as in table A.2. For expla-
nations to table A.2, see clause 9.
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I 4‘ UHCs
T T T T FID ¢
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\_ 8
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— | \/ NE NGO
dry
CL
2
S Oz
PMC
9
\ < o
NDIR
Y D o,
NDIR
S0,
NDUV
NDIR
i NG PUVF
Y 14
Key
1 Probs
2 Gas inlet for system check
3 Samgle line
4 Filter
5 Sample pump
6 Back-pressure‘regulator
7 NO, + NOcehverter
8 Gas ir[Iet forinstrument calibration
9 Chillet/separator (aperating at < 3 °C)

10 Analyser

11 Heated section

12 Dump pump to vent (if required)

13 SO, — SO, converter

14 Water trap or permeation tube dryer

NOTES

— NO, can be measured either wet or dry.
— See table 3 for an explanation of the abbreviations.

Figure 1 — Measurement system design for gaseous constituents
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7 Instrumentation
7.1 Types of measuring device

Table 3 shows available types of analysers. Detailed
specifications are provided for the first named ana-
lysers only. The alternative analyser types may be
used only by agreement between the interested par-
ties.

Table 3 — Analyser types for measurement of
constituents

© SO

7.2.2 Principal performance specifications for NO,
analysers

The principal performance specifications determined
for the instruments operated in an environment as
specified by the manufacturer shall be as given in
table 4.

Table 4 — Principal performance specifications for
NO, analysers

No. Term Requirement

Constituenit Analyser type
NO, Chemiluminescence (CL)
or non-dispersive infrared (NDIR)
or non-dispersive ultraviolet (NDUV)
CO Non-dispersive infrared (NDIR)
CO, Non-dispersive infrared (NDIR)
SO, Non-dispersive infrared (NDIR)
or non-dispersive ultraviolet (NDUV)
or pulsed UV fluorescence (PUVF)
UHCs Flame ionization detector (FID)
VOCs Gas chromatograph' (GC)
NH3 Chemiluminescence?
or spectrophotometric (indophenol)
method
Smoke Bacharach method according to
ISO 5063
or opacity method
Solid particles| | Gravity method
or optical method
0, Paramagnetic cell (PMC)
or electrochemical cell
or zirconia cell

1) Alternative|method to be agreed upon.
2) After oxidiging ammonia.

7.2 Speciflij:ation for) NO, analysers

7.2.1 Measurement technique

1 | Total range In appropriate ranges up-té

1 000 ppm.

2 | Resolution Better than 0,5 %. of full sgale of
range used orhppm, whicHever is

greater.

Better than =1 % of full sgale of
range-used or + 1 ppm, whichever
is greater.

3 | Repeatability

Better than £2 % of full sgale of
range used or =1 ppm, whichever
is greater, over a period of 2|h.

4 | Stability

5 | Zero drift Less than +1 % of full s¢ale of
range used or £ 1 ppm, whichever

is greater, over a period of 2|h.

6."Noise 0,5 Hz and greater; less than+ 1 %
of full scale of range uged or
+ 1 ppm whichever is greatqr, over

a period of 2 h.

7 | Interference For samples containing C®, and
water vapour, shall be limited as

follows:

— less than 0,2 % readipg per
% CO, concentration;

— less than 0,5 % reading per
% water vapour confgentra-
tion.

If the interference limitatiorj(s) for
CO, and/or water vapour fannot
be met, appropriate correctipn fac-
tors shall be determined, rgported
and applied.!)

8 | Response time| Shall not exceed 10 s from entry of
the sample into the analysef to at-
taining 90 % of the final reaqing.

The measurefrent—ef—concentration—of—the—oxides—of
nitrogen shall be the chemiluminescence technique in
which radiation emitted by the reaction of NO and O3
is measured. This method is not sensitive to NO, and
therefore the sample shall be passed through a con-
verter in which NO is made. Both the original NO and
the total NO, concentrations shall be recorded if
measured. Thus a measure of the NO, can be ob-
tained by subtraction. Only NO, determination is
mandatory.

9 | Linearity The linearity response of each
range shall be checked at the
30 %, 60 % and 90 % points using
either separate gas mixtures or a
gas divider.

The maximum deviation of these
points from a least squares
straight line fit shall be less than
+ 2 % of the full scale value.
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No.

Term

Requirement

10 | Converter

This shall be designed and oper-
ated in such a manner as to reduce

NO, present in the sample to NO.
The converter shall not affect the
NO originally in the sample.

The converter efficiency expressed
as

1 = 100 [y (after converter) —
- (pNO]/(PNOQ

ISO 11042-1:1996(E)

ation, the CO and CO; analysers may be used in serial
arrangement with the appropriate SO, and/or O, ana-
lyser, whenever the latter constituents are measured.

Table 5 — Principal performance specifications for

CO analysers

No. Term Requirement
shall not be less than 90 %. -
1 | Total range In appropriate ranges up to
I'his efficiency value shall be used 2 500 ppm.
to correct the measured sample's -
NO, value. i.e. P 2 | Resolution Better than 0,5/9%-0of [full scale of
2 ' range used or A ppm, Whichever is
ono (after converter) — gno greater.
to that which would have been ob- 3 | Repeatability Better than =1 % of [full scale of
tained if the efficiency had been rangecused or + 2 ppnp, whichever
100 %. is greater.
1) It is| recommended as being consistent with good 4 | Stability Better than £2 % of [full scale of
practicqd that such correction procedures should be range used or +2 PPN, whichever
adopted in all cases. Also other corrections may be re- is greater, over a period of 2 h.
quired due to the particular equipment used. 5 |Zero drift Less than +1 % of {full scale of
range used or + 2 ppnj, whichever
is greater, over a perio@l of 2 h.
6 NNoise 0,5 Hz and greater; lesg than+ 1 %
e . of full scale used ¢r *1 ppm,
7.3 Specification for CO and CO; analysers whichever is greater.
7.3.1 Measurement technique 7 |Interference To be limited with respect to indi'-
cated CO concentratiof as follows:
Carbon monoxide and carbon dioxide shall be measy 1) less than 500 pgm for each
ured using non-dispersive infrared (NDIR) analysers. % of ethylene copcentration;
These apalysers utilize differential energy absorption 2) less than 2 ppm|for each %
in parallpl reference and sample gas cells.(Dhe re- of CO, concentrgtion;
quired rhnges of sensitivity are obtained by use of 3) in case of analysis of the
stacked fsample cells or changes in electronic ciycuitry, sample in its unfreated (wet)
or both. [Interference from gases with-overlapping ab- condition only: | less than
sorption|bands may be minimized'by gas absorption 2 ppm for each (% of water
filters ar|d/or optical filters, preferably the latter. vapour.
If the interference limfitation(s) for
CO, and/or water vapour cannot
7.3.2 Plincipal performance specifications for CO be met, appropriate cdrrection fac-
and CO3 analysers tors shall be determingd, reported
and applied.!
The prirfcipal perfosmance spelcifications.determlned 8 | Response time| Shall not exceed 10 s ffom entry of
for the |nstruments operated in an environment as the sample into the arfalyser to at-
specified by the manufacturer shall be as given in taining 90 % of the fingl reading.
tables 5@nd,6. 9 | Linearity The linearity responge of each
range shall be checked at the
30 %, 60 % and 90 % points using

7.3.3 Special requirements for CO and CO,
analysers

7.3.3.1 Operational aspects

The preferred mode of operation is for analysis of the
sample on a dry basis, in which case the pressure of
the sample at the analyser inlet shall be measured and
kept constant to within 0,2 kPa throughout the cali-
bration and the test procedure. In this mode of oper-

either separate gas mixtures or a

gas divider.
The maximum deviation of these
points from a least squares

straight line fit shall be less than
+ 2 % of the full scale value.

1) It is recommended as being consistent with good
practice that such correction procedures should be
adopted in all cases.
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Table 6 — Principal performance specifications for
CO, analysers

No. Term Requirement

0 % to 20 % in appropriate ranges.

Better than 0,5 % of full scale of
range used or 100 ppm, whichever
is greater.

1 | Total range

2 | Resolution

Better than £1 % of full scale of
range used or =100 ppm, which-
ever is greater.

3 | Repeatability

© SO

the sulfur present in the fuel is completely oxidized to
SO,.

Measurement of SO, shall be considered only if the
expected concentration of SO, exceeds the lower
limit of detection of 3,4 mg SO, per 1 m3 dry exhaust
gas.

7.4.2 Principal performance specifications for SO,
analysers

of full scale of range used or
+ 100 ppm, whichever is greater.

7 | Interfergnce In case of analysis of the sample in
its untreated (wet) condition only:
less than 20 ppm for each % of

water vapour.

8 | Responde time| Shall not exceed 10 s from entry of
the sample into the analyser to at-
taining 90 % of the final reading.

9 | Linearity] The linearity response of each
range shall be checked at the
30 %, 60 % and 90 % points using
either separate gas mixtures or a
gas divider.

The maximum deviation of these
points from a least squares
straight line fit shall be less than
+ 2 % of the full scale value.

7.3.3.2 Sample temperature

In the case of the (preferred) measydrement of CO and
CO, on a dry basis (with the sdmple train equipped
with water tfaps according t6-6.2) the sample cell
within the anglyser shall be.fmaintained at a tempera-
ture of not leps than 313.K(40 °C), with a stability of
+2 K. If agrged uponhy the parties involved, and
when a light hydrocarbon fuel is used, analysis of the
sample in its |“wet>eondition is allowed. In this case

the sample cpli-and all other components in contact
with the sample_inthis sub=system shall be main=

4 | Stability Better than +2 % of full scale of
Tange UsSed or £ 100 ppm, Which- 7.42.1 Measurement
ever is greater, over a period of 2 h. B

5 | Zero drift Less than +1 % of full scale of The measurement of SO, shall bepby tHe non-
range used or + 100 ppm, which- dispersive infrared (NDIR) or by the' non-digpersive
ever is greater, over a period of 2 h. ultraviolet (NDUV) technique.

6 | Noise 0,5 Hz and greater; lessthan+1 %

7.4.2.2 Effect of other gases

NDIR measurementcisvinterfered with by CQ,, H,0O
and hydrocarbons. NDUV measurement is only inter-
fered with by hy@rocarbons.

7.4.2.3 "Principal performance specifications$

The™principal performance specifications detgrmined
fer* the instruments operated in an environnment as
specified by the manufacturer shall be as diven in
table 7.

Table 7 — Principal performance specifications for
SO, analysers

No. Term Requirement

1 | Total range 0 ppm to 50 ppm and, in agpropri-

ate ranges, up to 1 000 ppm

Better than 2 % of full sgale of
range used or £ 2 ppm, whichever
is greater.

2 | Resolution

Better than =1 % of full sg¢ale of
range used or £ 1 ppm, whichever
is greater.

3 | Repeatability

tained at a temperature of not less than 323 K (50 °C),
with a stability of +2 K. An H,O interference correc-
tion shall be applied.

7.4 Specification for sulfur oxide analysers
7.4.1 Measurement technique

Sulfur oxides shall preferably be calculated by using
the fuel analysis. Therefore it shall be assumed that all

10

4 | Stability Better than £3 % of full scale of
range used or =1 ppm, whichever

is greater, over a period of 2 h.

5 | Zero drift Less than =2 % of full scale of
range used or £ 1 ppm, whichever

is greater, over a period of 2 h.

6 | Noise 0,5 Hz and greater; less than +2 %
of full scale of range used or
+ 0,05 ppm, whichever is greater,

over a period of 2 h.
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No. Term Requirement

For samples containing CO,, H,O
and UHC, shall be limited as fol-
lows:

— <1 % reading for each % of
CO, concentration (by vol-
ume);

— <2 % reading for each % of
water vapour concentration
(by volume);

— <1 % reading for
10 ppm of UHC,

7 | Interference

each

ISO 11042-1:1996(E)

NOTE 4 The ambient hydrocarbon level will, in some cir-
cumstances, be very significant or even higher than that
measured in the turbine exhaust. The exhaust test probe
can be used to sample ambient air before or after regular
tests. Where significant readings are encountered and a
simultaneous reading desired, a sample line to a location
near the gas turbine inlet can be added. This sample line
need not be heated since hydrocarbons are wet samples
and the sample temperature is the same as the unheated
line.

7.5.2 Principal performance specifications for

or the resulting interference shall UHC analysers
9 i i = . . g v .
Sgrtsa:t i/;ﬂrﬁggg;gblhtién r(::atd'ir[?g The principal performance specificationd determined
is caused by the water content. for the instruments operated in- an enyironment as
To keep the water content of the specified by the manufacturer shall be|as given in
gas sample constant, the press- table 8.
ure in the cooler shall be con-
trolled in a range of £ 0,2 kPa. L. 1
To avoid interference with am- Table 8 — Principal-performance specifications for
monia in plants with catalytic re- UHC analysers
duction (SCR) of NO,, the SO, -
concentration shall be measured No. Term Requiremept
. . o)
before the mixing with ammonia. 1 | Totarrange 0 ppmC; to 1 500 ppriC; in appro-
8 | Rgsponse time| Shall not exceed 50 s from entry of priate ranges, including the small-
the sample into the analyser to at- est range of 0 ppm td 10 ppm. To
taining 90 % of the final reading. minimize errors in rqadings it is
9 | Linearity The linearity response with SO, in g\?:illglé)lf tggt i?\grgmh rg?c?;srbto)ﬁ
N, of each range shall be checked O b \ d
at the 30%, 60% and 90 % Iem'sst'r‘]’“S gg“(y e ?‘fh?S“;e” at ”IO
. - 0 ess than 6 of the full scale
points_using either separate gas deflection (FSD) of the calibrated
xt ' 9 S scale.
ggﬁug”axf'rrgr‘;m gev'ligg? O;qhha‘izg 2 | Resolution Better than 0,5 % of [full scale of
straight line fit shall beess than range usedtoriO,S pAMC,, which-
+2 % of the full scale valle. ever Is greater.
= 19
1) For the NDIR method all three interfering components 3 | Repeatability :Baittzru?;(;] o_r l 5’5(;: I;”(I: S(z/?/lheic?:
have tobe considered. For the NDU\ method, only UHC eve? is greater— ' 1
has to pe considered. If the interference limitations for :
one, tWo or all of the above/mentioned components 4 | Stability Better than +£2 % of |full scale of
cannot |be met, appropriate €orréction factors shall be range used or £1 ppmC,, which-
determ|ned, reported and applied. ever is greater.
5 | Zero drift Less than £1% ¢of FSD or
+0,5 pme, whichevgr is greater,
7.5 Specification for UHC analysers over a period of 2 h.
6 | Noise 0,5 Hz and greater; less than £ 1 %
7.5.1 Measurement technique of full scale of range used or
+ 0,5 ppmC,, whichever is greater.
The mebsgrement of unburned—and p::r‘tin”\,/ burned > fterfererce See7-53-
hydrocarbons including all hydrocarbon species shall -
e - : 8 |Response time| Shall not exceed 10 s from entry of
be by the flame ionization detection technique. the sample into the analyser to at-
taining 90 % of the final reading.
When the unburned hydrocarbon gases are sub- — ammg = ' . n9
sequently burned in an independently controlled 9 | Linearity The linearity response, with pro-
flame, ionization proportional to the number of carbon- pane n on Cf(fheeagg [;”ngsg)a”agg
H o, (o)
hydrogen bonds broken is produced. 90 % points using either separate
This technique vyields a total of all hydrocarbons pres- gas m'xm'res ora gés @vnder.
ent. For requirements stated as volatile organic com- The maximum deviation of these
pounds it is necessary to differentiate between the p?'”,tsht If,romﬁ ah :IGZS‘ | Squfr:es
individual species of hydrocarbons in order to exclude fr;a'o% o It?\i ﬂ'J”ZC‘ZIe vzmiss an
those hydrocarbons not contributing to the VOCs. _ :

1
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7.5.3 Interference and relative hydrocarbon
response

The following requirements shall be adhered to.

7.5.3.1 The gases used for the analyser shall be a
standard mixture of 40 % hydrogen and 60 % helium
as this reduces the variation in detector output caused
by

— different levels of oxygen and

— different hydrocarbon species

© |SO

chromatograph or a gas chromatograph in combi-
nation with a flame ionization detector.

There are two types: “direct” and “subtraction” ana-
lysers.

7.5.4.2 Direct analysers

These consist of an automated gas chromatograph
with an FID detector. The sample is separated into
two parts: air and the sum of methane and ethane.

which are characteristic of a gas turbine exhaust gas
composition |under different engine operating con-
ditions. Insteqd of helium, nitrogen also can be used.

7.5.3.2 For ¢pperation of the flame, air is required
which has orjly a limited residual content of organic
substances. The volumetric concentration of organic
substances (CHy4) shall be less than 10 % of the full
scale deflection used, but in no case greater than
10 ppmCy. It ]is consistent with good practice to use
artificial air.

7.5.3.3 To nfeasure the change in output caused by
variation of oxygen in the sample, a comparison shall
be made of |readings obtained from the following
gases:

a) 500 ppm(€, in zero air, which is the equivalent of
500/3 pp1n propane in zero air;

b) 500 ppm(€, in nitrogen, which is the equivalent of
500/3 pp1n propane in nitrogen.

The difference in the readings shall be less than 27%.

7.5.3.4 To measure the change in outptit’ caused by
different hydrpcarbon species, a comparison shall be
made of readings obtained from thefellowing gases:

a) 500 ppm(€4 propane in zere air;
b) 500 ppmC4 propylene.n zero air;
c) 500 ppm(, toluengiin zero air;

d) 500 ppm@4 nchexane in zero air.

There shall béless-than-5 % variation—irreadings—ex

The—columnis—then—basckiiushed—which—givesy a third
part consisting of all the VOCs. Since the(mkthane,
ethane and VOCs are separated from theyair, ho oxy-
gen synergism occurs. The two columnSumay lhe used
with suitable flow switching to improve the separation

and speed up the analysis.

This type is recommended, Where measurement of
UHCs and VOCs is required.

7.5.4.3 Subtraction’analysers

If the metho@/déscribed in 7.5.4.2 is not availdble the
following tRay be used. This method uses tyo sys-
tems simuitaneously: a gas chromatograph for|the de-
termination of the proportional amount of methane
and“ethane included in the sample and an FID for total
uaburned hydrocarbons. The VOCs are obtaihed by
SUbtraction of the methane and ethane frgm the
UHCs.

7.6 Specification for ammonia analysells

In cases where ammonia (NH3) is present in fthe ex-
haust gas, e.g. when ammonia is used in SCR {inits, it
iS necessary to measure ammonia.

7.6.1 Measurement technique

Ammonia measurement is based on the different be-
haviour of two designs of NO, to NO convertef which
are used in conjunction with the chemiluminescence

pressed as CHy.

7.5.4 Determination of VOCs

7.5.4.1 General

For a volatile organic compound limit, the total un-
burned hydrocarbons shall be determined and the
amount of methane (CH,) and ethane (CyHg) com-
ponents shall be subtracted. This is done using a gas

12

instrument specified in 7.2. Because of their different
materials, stainless steel and carbon, the two con-
verter designs react differently with NO, and NHj
components in the exhaust.

Stainless steel converters normally operate at ap-
proximately 700 °C. At that temperature NHz com-
pletely oxidizes to NO according to the reaction:

4NH3 + 50, — 4NO + 6H,0 (M)

Note that this measurement produces incorrect NO,
results.
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Carbon converters operate at 300 °C, a temperature at
which NHs is not oxidized. A conversion from NO; to
NO occurs according to the following reaction:

NO, + C - NO + CO ... (2

The flow diagram for the two converters used with
the chemiluminescence instrument is shown in fig-
ure 2. Alternatively, two complete chemiluminescence
analyser and converter systems can be used.

ISO 11042-1:1996(E)

or

100 [pno (after converter) - gyo ]

"INOQ =
(pNOZ

- (4)

1.7 Specification for oxygen analysers

7.7.1 Measurement technique

The measurement of oxygen shall be by the paramag-

netic principle.

7.6.2

(]pmﬂuu

The different behaviour of the two different con-
verters {s used to determine the NH3 content of the
exhaust| See figure 2. The operation and specifica-
tions of|the converters and the chemiluminescence
instrumgnt shall be the same as described in 7.2.2.
The corjverters shall be designed and operated to
oxidize NIH3 and reduce NO, in the sample to NO.

7.6.3 Clonverter efficiency correction
The effigiency value shall be used to correct the read-

ing if the¢ measured values are closed to the required
limits. The converter efficiency is expressed either as

100 [pno (after converter) - pno]

0, molecules, owing to their paramaghg

tic property,

are attracted in an inhomogeneous-“magpetic field in

the direction of higher field strength:

If two gases having different 05 contents

are brought

together in a magnetic fjéld, a pressure [difference is

generated between them.

One of the gases is-the sample gas, the d
reference gas. Forgas turbine exhaust g
ments a gas wWith 20,95 % O, in Ny is use

ther one is a
as measure-
d as the ref-

erence gasx(This gas is introduced to the measuring

chambery'via two ducts (see figure 3).
ducts:mixes reference gas with the samg
area. of the magnetic field. Since both dd
nected, the pressure difference Ap, whi
ticnal to the O; content of the sample gas

N (3 flow which is converted by a microflow s¢
PNHg electrical signal.
. Water tr|
with coo
700 °C
D > /
Sample gas Stainless steel

converter

DG

XX

Zero/rgference gas

— =B

}@__

Carbon converter

One of the
le gas in the
cts are con-
th is propor-
, produces a
BNsor into an

BP
er

To analyser
—»

300 °C

Key

A NO, measurement

B NO measurement

C NO, + NH3 measurement
A-B NO, content

C-A NHj3content

AN Water tra

— A

Figure 2 — Flow diagram of a converter system for NO,,/NH3 measurements

P

with cooler
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Reference gas

Capillaries

%

Microflow sensor —— |

Sample gas

l

/

Electromagnet

Measuring chamber —/ /

Figure 3 — Typical functional diagram of the O, analyser

© SO
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7.7.2 Principal performance specifications

The principal performance specifications determined
for the instruments operated in an environment as
specified by the manufacturer shall be as given in
table 9.

Table 9 — Principal performance specifications for
oxygen analysers

No. Term Requirement

1 | Totalrange 0 % to 25 % in appropriate ranges

ISO 11042-1:1996(E)

7.8.2 Apparatus

7.8.2.1 Pump (manual), permitting suction of a vol-
ume of 160 cm3 +5 % through the effective filtering
surface of 6 mm diameter by one single operation of
the pump (i.e. approximately 570 cm3+5 % per
square centimetre of effective filtering surface); the
stroke of the pump should be about 200 mm.

NOTE 5 If the smoke sample temperature deviates from
normal ambient, it is recommended that a volume correc-
tion be added to the readings by measuring the sample
temperature and using a correction curve to adjust the

Better than + 0,2 % of full scale of
range used or + 0,05 %, whichever
is greater.

Better than £ 0,2 % of full scale of
range used or £ 0,05 %, whichever
is greater.

Better than +2 % of full scale of
range used or £ 0,05 %, whichever
is greater, over a period of 2 h.

Better than £ 0,2 % of full scale of
range used or + 0,05 %, whichever
is greater.

2 | Repolution

3 | Repeatability

4 | Stgbility

5 | Zefo drift

0,5Hz and greater; less than
+0,2 % of full scale of range used
or £ 0,05 %, whichever is greater,
over a period of 2 h.

7 | Interference See 7.7.3.
Repponse time| Same as 7.2.2.
Linearity Same as 7.2.2.

SMmoke opu? |cad;||y to—a ||uu||a: va:uc of-570 cm3/cm2 Of
effective filtering surface.

The tightening of the device for holding the filter
paper, which should be done Before intfoducing the
paper into the slot provided) should empsure a suf-
ficiently tight seal to enable’the pump to be initially
operated and heated up without the occufrence of any
condensation.

7.8.2.2 Sampling tube, having an external diameter
of 6 mm and fulfilling the requirements of|7.8.2.1.

7.8.2,3 Filter paper, having a reflectance of
(85.£2,85) % determined photometrically. For this
measurement the filter paper is placed onla white sur-
face having a reflectance = 75 %.

7.7.3 Special requirements

Most gdses exhibit some paramagnetism which can
affect oxygen readings. These effects are likely to be
negligible in relation to overall measurement accuracy,

but may|be taken into account iff agreed between the
interestgd parties.

7.8 Specification'for smoke analysers
7.8.1 Measurement technique

In the following. the method according to ISO 5063 is

The passage of clean air through the new|
at a flow of 3 dm3/min/cm2 of effective
face should result in a pressure drop

filter paper,
filtering sur-
of between

2 kPa and 10 kPa (20 mbar and 100 mbar)

7.8.2.4 Grey scale, comprising 10 gradgs numbered
from 0 to 9 distributed over equal interval$ from white
to dark grey. These grades exist as printedl samples or
are obtained by other means on a papgr or plastic
base having a reflectance of (85 + 2,5) %| determined
photometrically.

The identification number of each gradel is equal to
one-tenth of the reduction, expressed a a percent-
age, of the reflected incident light on the|correspond-
ing sample.

The number 0 corresponds to the paper hase and the
number 6, for instance. to a reduction of the reflected

used.

Smoke measurements are not intended to be meas-
urements of solid particles. In the event of agreement
between the interested parties that such measure-
ments should be taken, relevant methods are referred
toin7.9.

The degree of smoke intensity for gas turbines is
specified using the smoke spot number, also known
as Bacharach number, where the smoke scale ranges
from 0 to 9, with the lower values corresponding to a
logarithmically lower value of smoke.

incident light of 60 %.

The tolerance on the reflectance for each of the points
of the scale shall be at most 3 % of the value of the
said reflectance.

If the scale is protected by a transparent plastic cover,
its construction shall be such that the test spot and
the standard grades are observed through the same
thickness of protective substance. The grades of the
standard smoke scale have a diameter of about
20 mm and a central circular window of 6 mm diam-
eter.

15
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7.8.3 Determination of the smoke number

Unscrew the paper fixing device, insert the filter paper
in the slot provided on the pump and retighten the
device.

Introduce the sampling probe perpendicularly to the
direction of the gas flow. Ensure gas-tightness be-
tween the sampling probe and the wall of the duct in
which sampling is done.

Sampling may be carried out either with a manual
pump or with an electromechanical pump.

©|SO

size distribution, particle shape, particle density and
some optical properties of the particle material. They
may be used after appropriate calibration and on the
assumption that the relevant properties, once estab-
lished and checked, are stable.

7.9.2 Location of sampling probe and
arrangement of sampling system

The solid particle sample train shall be installed sepa-
rate from the sample train (see 6.2) for the gaseous

When using tlhe manual pump, carry out ten suctions.
Each suction |shall be regular and shall be of between
2s and 3 s duration. The end of the suction is indi-
cated when the operator no longer senses the reac-
tion of the pigton.

Withdraw thg sampling probe from the gas, unscrew
the fixing device and carefully withdraw the filter

paper.

Visually compare the test spot with the standard
grades by placing the band of paper against the back
of the standqrd scale. Examine the spot through the
central window of the standard grades. Note the
number of the scale whose shade is the closest to
that of the test spot. For the scale intervals between 0
and 4, it is necessary to evaluate the intermediate
grades with pprticular attention.

A sufficient number of samples shall be taken at dif-
ferent positigns in the exhaust duct to ensure that
representative results are achieved.

7.9 Specifi[ation for solid particle analysers
7.9.1 Preamble

If the parties| involved agree to carry out the meas-
urement of sglid particles it shallb& done according to
the following.

The solid parficle load of\the exhaust gas (and of the

air taken in b
gravimetric a
particle-laden
the particles

the compressor) shall be measured by
halysis., A representative sample of the
gasfair is taken from the overall flow,
hre_separated from the sample, and the

$id +
COTTSTTaCTItST

The sample train is built with the maincsepatator in-
side (see figure 4) or outside (see figure\b) the gas/air
duct.

As stainless steel may not becsuitable under|certain
conditions the following parts ‘of the sample trgin shall
be made of corrosion and.temperature resistant ma-
terial such as glass: the-sampling probe, the bgnd, the
transport tube and the-—separator casing. Thie main
separator consists ofva filter. A preseparator| e.g. a
cyclone, is requited only with very high particle loads
that would othenwise overload the filter in lefs than
the sampling¢ime. The filter medium shall withstand
the samplextemperature under consideration, $hall be
chemically’stable and shall be fine enough for| “total”
filtratiof.

7.9.3 Principal performance considerations
7.9.3.1 General

The performance of the solid particle analysipg sys-
tem (SPAS) depends on appropriate
— aquisition,

— transport,

— separation and

— metering

of a representative sample.
Unless demonstrated by previous tests and |agreed

upon by the parties involved, samples shall be [consid-
ered representative of the mean flow only when the

accumulated mass of particles is weighed and related
to the amount of gas/air sampled. If agreed upon by
the parties involved, additional analysis of the solid
particle sample can be done, e.g. particle size distri-
bution, chemical analysis. In this case, the appropriate
method is subject to special agreement not covered
by this part of ISO 11042.

Optical methods, e.g. continuous measuring of optical
transmission or of the scattered light, although gen-
erally accepted for continuous emission control, with
respect to mass-related particle load suffer from the
transmission/scattering depending on particle size,

16

number of sampling stations is at least 4/m2 of the
cross-sectional area. The number of sampling stations
shall be between twelve and twenty.

Also the sampling stations shall be located at least
8 X Dy (D, = hydraulic diameter) downstream and
2 x Dy, upstream of any type of consecutive flow dis-
turbance (bend, expansion, contraction etc.).

If these conditions cannot be achieved in practice then
the distances shall be 2 x Dy, and 1 x Dy, respectively.
In this case the number of sampling stations shall be
increased.
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Figure 4 — Sample train for measurement of solid particle concentration by weight

(main separator inside duct)
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7.9.3.2 Acquisition

Single-hole sampling probes shall be used. The sam-
pling probe shall be designed and the SPAS operated
in such a way as to limit the error due to anisokinetic
sampling to £ 10 % for particles with an aerodynamic
diameter smaller than 5 um. The probe shall be pos-
itioned such as to deviate not more than £ 10° from
isoaxial sampling. Probe designs considered consist-
ent with good practice are given in figure 6.

The appropriate choice of the effective diameter de-

pends on_the_\&lumﬂkweﬁ_mg_mﬂ&mw_mﬂﬁ_;mm

ISO 11042-1:1996(E)

when the ratio of the mean free path of t

he gas mol-

ecules, A, to the particle diameter dp, (the Knudsen

number) approaches unity.

According to Grassmannl3, J is calculated as follows:

dpa
J =1764 + 0,562 exp(-0,785 7)

- (8)

gas to bg sampled. Under ideal isokinetic conditions
(velocity,|v, in the probe tip equal to velocity, w, of un- The bend and the transport tube shalhbe designed and
disturbed flow in the duct) we have the SPAS operated in such a way as {o minimize
transport losses due to Browniah diffysion, gravi-
4qy tatiqnal settling, inertial depgsition, electfostatic col-
deff F +|—— ... (5) lection and/or thermophoretic effects. It i$ consistent
w with good practice to make tubes as short as poss-
ible, to arrange them-vertically and, if pogsible, with-
where out bends, to use-grounded metallic tubes and to
: _ . : ) avoid temperature\gradients. The tube digmeter shall
dett |is the effective probe diameter, in metres; not be smaller than 5 mm. An example of [an appropri-
gv |is the volume flow of the exhaust gas, in ate arrangement of probe, bend, tube and separator
cubic metres per second:; .forf.the ngain-separator-inside-duct technique is given
w |is the gas velocity, in metres per second. nHIgIR™
The errof due to anisokinetic sampling shall be esti- :
mated uging figure 7 (after Belyaev and Levin) with 7934  Separation
the relevant Stokes' number The separation of the particles from the gample shall
be “total”. It is consistent with good praftice to use
42 0aC w as a filter quartz fibres of diameter < 10|um packed
Sty 2P 7 2 () tightly inside a glass fibre cartridge. Provisions shall be
18u det made for capturing residual fines in an additional bar-
rier filter, behind the main separator.
where
dpa |is the particle diameter, itrmetres;
Ppa |is the density of théparticle material, in kilo- 7.9.3.5 Metering
grams per cubic.metre; )
) Metering of the sample volume flow shall|be done by
i |is the dynami¢-viscosity of the gas, in pascal continuous flow meters according to |established
seconds; standards. The mass of the particles shdll be meas-
w  is the gas Velocity, in metres per second: ured by weighing the filter and the filtgr cartridge,
carefully dried, before and after exposure.
dests |is-the ‘effective probe diameter, in metres;
Care shall be taken to include the mass|of the par-

C s Cunningham's siip correction factor.

Cunningham's slip correction factor is calculated as
follows:

C=1+J—A— .7
dpa

This factor corrects for the reduction of the resistance
to flow, J, of a particle as compared to Stokes' law,

ticles that have been deposited inside the passage
according to 7.9.3.3.

Weighing shall be done to an accuracy of 1 % when-
ever the sampled mass is more than 100 mg, or at
least 0,1 mg for smaller masses sampled. The volume
flow rate (and the corresponding probe diameter ac-
cording to 7.9.3.2) shall be such that a sufficient mass
of particles is captured within a sampling time of 2 h.

The lower limit of solid particle load of a gas stream

that can be resolved by the SPAS is between 1 mg/m3
and 5 mg/m3.
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Dimensions in millimetres

@ 16.2 @ 23,2
@ 14 @ 20
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i

@
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NOTE — Theleffective diameter dg¢; shall be such that 5mm < dgg < 30 mm.

Figure 6 — Examples of solid particle sampling probes
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Sampling efficiency, n

ISO 11042-1:1996(E)

=
o

4,0

3,0

w/v =20

w/v =10

w/v =10

w/v =20

Belyaev and Levin {1974)

2+0,62{v/w)
Sty e 240,62 (v/w)

=1.(¥ _
n=1 (V 1)

0.1
0.0

0.1 1.0
Stokes’ number, St,, [see equation (6)]

Figure 7 — Sampling efficiency according to Belyaev and Levin's equation
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3 56
l7 [6
e / f
[/ I/ )
N\
L
—— Yl e} 15"
/ v,
L J
/ / |
7 8
2
Key
1 Probe dg <50 mm
2 Bend dg>5 mm
3 Joint dy = 30 mm; diameter of the cartridge
4  Sealing Iy > 2dR
5 Support ¢gage ls = 70 mm; length of the cartridge
6 Glass fibje cartridge lg =80 mm
7 Quartz fifjres (packed) I7= g
8 Separatof casing
NOTES

— The probe may be connected to the separator by a straight tube, and the bend arranged downstream of the separator.
— The length I, of the cylindrical part at the probe tip shall be I} = dg/2.

Figure 8 — Example of probe, bend, tube and separator assembly
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8 Quality of measurement

8.1 Preamble

Quality of measurement is influenced by measure-
ment system design and installation, calibration pro-
cedures and measurement test procedures. System
design and measurement test procedures are covered
in the preceding sections.

Verification that the exhaust sample is representative
of the exhaust stream may be made by a carbon bal-

ance which compares the carbon input in the fuel with
the carb measured in the exhaust stream _exclusive

ISO 11042-1:1996(E)

Zero gas as specified for the HC analyser shall be zero
air which includes “artificial” air with 20 % to 22 %
O, blended with Nj,. For the remainder of the ana-
lysers pure nitrogen shall be used as the zero gas. Im-
purities in both kinds of zero gas shall be restricted to
be less than the following concentrations.

C 1 ppm
CO 1 ppm
CO, 100 ppm
NO, 1 ppm

SO5 1 ppm

of smoke].

8.2 Methods for calibration

Instrument calibration shall be carried out by compari-
son with|a calibration gas. The calibration gas shall
have a cgrtificate of mixture preparation according to
ISO 6141} It is consistent with good practice to pro-
vide caliljration gas mixtures with the relevant con-
stituent |in nitrogen at concentration levels of
approximptely 60 % and 90 % of the full scale of the
metering|ranges of the analyser.

The manuyfacturer of the calibration gases has to make
sure thafl these gases are provided with the accu-
racies listed in table 10.

Carbon monoxide and carbon dioxide calibration gases
may be plended singly or used as dual-component
mixtures.| Three-component mixtures of carbon mon=
oxide, cafbon dioxide and propane in zero air may.'be
used, proyided the stability of the mixture is assured.

Table 10 — Concentration accuracies for calibration gases

The user shall ensure that commercial-gages supplied
to him do in fact meet this specificatior|, or are so
specified by the vendor.

9 Conversion ‘of data
9.1 General

The gas€pus components are considered|to be ideal
gases;hence the molar concentration is proportional
to théwatio of the partial pressure to the total pressure
and,to the volume fraction.

The volumetric concentration shall be predented in %
or in cm3/m3 (ppm).

Smoke measured as Bacharach number|as well as
solid particle concentrations are not converted.

Analyser Gas Accuracy’
HC Propane in (10 £ 1) % O,; balance, N, +2 % or = 0,05 ppm?2)
HC Propane in (20,95 + 1) % O,; balance, N, +2 % or+0,05 ppm2 |
HC Propylene in zero air +2 % or +0,05 ppm?2)
HC Toluene in zero air +2 % or 0,05 ppm?2
HC n-hexane in zero air +2 % or = 0,05 ppm?2
€O €O 29 or 2 ppmmzt
CO, CO,in Ny +1 % or+ 100 ppm?2!
NO, NO in N, +1 % or+1 ppm?2
0, 05in N, +0,2 % or £ 100 ppm?2
SO, SO, in N, +1 % or+1 ppm?2
1) Taken over the 95 % confidence interval.
2) Whichever is greater.
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9.2 Conversion between wet and dry
exhaust gas

The measurements are considered to be “dry” when
the water content of the gas sample has been con-
densed out; otherwise, they are considered to be
"wet”. The water content represents the difference
between the “"wet” and the "dry” results and is ob-
tained by calculation or measurement to be agreed
upon by the interested parties. Humidity of the air in
the compressor inlet, water content in the fuel, water
formed by combustion of the fuel, as well as water or
steam injection shall be considered. The conversion is

© IS0

The above emission values have the unit mg/m3, if the
molar mass is in kg/kmol and the concentration in
cm3/m3.

In the case of NO, the unit is mg NO,/m3, in the case
of SO, the unit is mg SO»/m3 and in the case of UHC
the unit is mg CH4/m3.

9.5 Conversion to power output related
values

carried out Ry using the following equation:

Pidry =|Piwet T ... 9

9.3 Conversion to the particular exhaust gas
oxygen levyel

To relate npeasurements to a standardized exhaust
gas the following correction can be applied to give
reference tq a particular exhaust gas oxygen level.

The emissio
the compon
centration o

n value as the volumetric concentration of
ent i related to an oxygen volumetric con-
f e.9. 15 % in dry exhaust gas is given by:

20,95 -15

=_2096-15 . (10)
2095- 9o,y Y

EV;15,dly
whereby thé oxygen content of the dry ambient.air is
in accordange with 1ISO 2533.

Theoretically this correction can be applied to other
oxygen levels and for “wet” and “dry™ gases.

9.4 Conversion to the'constituent mass flow
related tojthe dry exhaust gas volume flow at
normal copditions and to a specific oxygen
content

The exhausf @as emission value as constituent con-

The power output related emission values given by

m,

EMi'P:—PI_ (12)
are calculated by using the‘'equation
qm. Ml QMW
- =Q; : ...(13)
P Pi wet My P

When the, values of @; wet are given in cm3/ms3, those
of Img7 inyka/s and those of P in kW, then the|equation

EM[,P =0 wet ————l—-ﬂ&(‘} . (14)

yields the power output related values in g/kWh.

NOTE 6 The molar mass M,y is taken from a dalculation
assuming complete combustion and is based on|the com-
position of the fuel. Any steam or water injection ghould be
reasonably considered.

For example, the combustion of pure methane (LH4) as a
reference gaseous fuel with an amount of air with 60 %
relative humidity at 101,3 kPa and 288,15 K (15 °CJ resulting
in an oxygen concentration of 15 % related to drly exhaust
gas at standard conditions produces a wet exhausf gas with
Miot = 28,463 kg/kmol.

The combustion of pure n-dodecane (CipHog) |as a ref-
erence liquid fuel under the same conditions pfoduces a
wet exhaust gas with Myst = 28,753 kg/kmol.

centration refatedtothedry extiaust—gas at normat
conditions and with an oxygen content of e.g. 15 % is
given by:

i

EM; 154y =EViisdry ——=EViisdy Pn .- (17)
%

mn

Molar masses (M;} and normal reference densities (pp)
are given in table C.1.
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9.6 Conversion to consumed fuel energy
related values

The consumed fuel energy related emission values
are calculated as follows:

P . (18)

EM;s =EM, p -

qu “én
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Annex A
(informative)

ISO 11042-1:1996(E)

Typical example of test results and their evaluation

Table A.1 — Record of emission test

Identification No

Test engineer's name:
Company/Organization:

Gas turbine
101 Manufacturer:
102 Type:
103 Serial No.:
Location
104 Place:
105 Country:
Fuel type
106 (For details see separate data sheet)
Date/time of test
107 Date:
108 Time at start of test:
109 Time at end of test:
Measuring instruments used
110 0, Measuring igstrument Serial No.:
— type:
— measuring ranges used:
111 CO, Measuring instrument Serial No.:
— type:
— measuring ranges used:
112 NO) Measuring instrument Serial No.:
— type:
— measuring ranges used:
113 CO Measuring instrument Serial No.:
— type:
— measuring ranges used:
114 SO, Measuring instrument Serial No.:
type-
— measuring ranges used:
115 Smoke Measuring instrument Serial No.:
— type:
— standard measuring ranges (see ISO 5063)
116 UHCs Measuring instrument Serial No.:
— type:
— measuring ranges used:
117 VOCs Measuring instrument Serial No.:
— type:

— measuring ranges used:
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Table A.1 (concluded)
Table of measurements
Identification Mean
No. Unit 1 2 3 4 5 value
200 Test No.
201 Time min
202 Time taken to measure min
one point
Ambient conditions
203 Air temperature °C
204 Air pressure kPa
205 Relative air humidity %
Operating ¢ata
206 Power output kW
(mechanical/electrical)
207 Fuel mass flow kg/s
208 Exhaust gas mass flow ka/s
(by measurement or
calculation)
209 Exhaust gas mean °C
temperature
Additional information
as to 5.1, see separate
sheet
Measured/calculated gas volumetric concentrations’
wet/dry_{\wet/dry | wet/dry | wet/dry | wet/dry
measured/ | measured/ | measured/ | measured/ | measured/
calculated | calculated | calculated | calculated | calculated
210 0, %
211 CO, %
212 H,0 %
213 NO cm3/m3
214 NO, cm3/m3
215 CcO cm3/m3
216 SO, cm3/m3
217 UHC (as CHz) cm3/m3
Smoke number
218 Baeharach spot number —
1) Dependipg on_the*measuring procedure used the volumetric concentration shall be listed relative to either [dry” or
“wet” exhdust,gas. The value shall be calculated and listed above using equation 9 in 9.2. Both values are neededl for the
evaluations|in“table A.2. This means that the volumetric concentration of water shall be determined, by combustign calcu-
lation.
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Table A.2 — Evaluation

ISO 11042-1:1996(E)

Identification No.

Term

Unit

Calculation

4 5 Mean
value

Conversion between wet and dry exhaust gas

Note: This calculation is only required if the measured volumetric concentrations are related to the wet exhaust gas.

300 ¢;.dry = Volumetric concentration of component i in dry exhaust gas
1

Pidry = Pi,wet '%
301 ?H,0 1 212/100
30p 1 1 1

1- (szo 1-301
308 ©0,,dry % 302 x 210
304 PCO,,dry % 302 x 211
30p PNO.dry cm3/m3 302 x 213
306 PNO, dry cm3/m3 302 x 214
307 PCo.dry cm3/m3 302 x 215
308 9s0,.dry cm3/m3 302 x 216
308 PUHC, dry cm3/m3 302 x 217
Conversjon of the exhaust gas volumetric concentration to a dry reference exhaust gas with an oxygen content of
15 %
400 EVi1sdry = exhaust gas emission value as volumetric concentration related to an oxygep volume
content of 15 % in dry exhaust gas
20,95-15
EV. - e ©:
i,15,dry 20,95 — 303 (Pl,dry

401 2095-15 1 5,95

20,95 - 90, dry 20,95 - 303
40p EVNoO,15,dry cm3/m8 401 x 305
408 EVNo,,15,dry cmg/m3 401 x 306
aoh EVeo 15,dry omd/m3 401 x 307
40p EVso, 15,dry cm3/m3 401 x 308
40p EVHc 15,y cm3/m3 401 x 309

Conversjon of the volumetric concentration EV; ;5 4 to a mass per reference volume at standard conditions

50D EMins4ry = exhaust gas emission value as pollutant concentration related to reference gas Yyolume at
standard conditions
EMi,15,dry = Evi,15,dry(Mi/an)
sop EMN0,15,dry mg/m3 1,338 7 x 402
502 EMNO- TS Ty PR 205255403
(as NO,)
503 EMco,15,dry mg/m3 1,249 7 x 404
504 EMs0_,15,dry mg/m3 2,858 x 405
(as SO,)
505 EMypc 15,dry mg/m3 0,715 7 x 406
(UHCs as CHy)
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Table A.2 (concluded)
Identification No. Term Unit Calculation Mean
value

Calculation of power output related emission values

600 EM; p = power output related emission value
M. dm 7
EM; p = 360; t><—’—><—9—
1 I,we th P
601 N, % 100 — 210wet — 211wet — 212
602 Moy kg/kmol [(210 x 31,9988) + (211 x
44009 8+1212 < 18.0152
(601 x 28,158))/100

603 g kg 208

P kW- s 206
604 EM, g/kWh

NO.P 213, x 2092 | o3
605 EM, g/kWh

NOXP 214, x 19204 | 603

602

606 EM, g/kWh

co.p 215, x 100’54 x 603
607 EM a/kWh

S0P 216,,,,, x 001, 603

602

608 EMUHC,P g/kWh

57,15
217 X —&="% 603
wet 602
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