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DETERMINATION OF EMISSIONS FROM GAS
TURBINE POWERED LIGHT DUTY SURFACE
VEHICLES-SAE Jl130 SAE Recommended Practice

R('pon o( ."ulu",n,i\·~ Enlis~iClns (:umnliuef' apptO\'~ .\pril I~7tl

=conn'ntration of carbon monoxid~

= cOIlCTnlration of carbon dioxide
=concentration of unburn..d hydrocarbon as ~quivalent carbon (for

exam pi... ppm CI
=con,-..nlration of hydrog..n

conCtOnlration of nitric oxide
conc..l1tration of nitro!(..n dioxide
sum of (:-.101 + (:-.102 )

tntal carbon in ..xhaust, (HC) + (CO) + (CO.l
concentration of background pollutanl ­
molar pt'rcent ,""c"pt as noted
alomi,' hydro~en:carbon ratio of fud
CO emission index--g CO.'kg fud
He ..mission index~g- HC,ki{ fu ..1
Be emi..ioll index-g BG/kg fuel
:'\iO. emission ind..x--g NOz/kg fuel
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fud YOIUnle asslM.:iated with combustion during a time incn:mnlt

(HoI
I :'I:())

1:\( 'oj
1:'1:(\\
(rCI
(B(;I

( I

Y
COEI
HeEl
BGEI

:'\i()~EI

EFF =
F\" =

I. Ihjinition. of Trnru ....d ..f66rn';"""
1.1 Terms

1.1.1 [XH." ST ['lIss",,-."n, subSlanc.. emilled intu (he atlllo5ph..re from
am' openin!l" duwnslream from the cumbustion chamber. Exhausl ..missiun
shall also include oil sump brealher emissions.

1.1.2 GAS Tt·RB.,r E'GI,r-Any cngin.. using-' the basic gas turbine or
Bra~·t()n cycle C()nSiSlin~of adiabati(' compression. constant pressurt: heatin8­
and adiabat ic expansion.

1.1.:1 C.'UBR.UJ''' G\S-Gas of known concentration used to ..stablish
instrument respollS<'.

1.1.01 SP." (; ..s-A calibratin/l ~a.< us<·d routinely to ched instrum..ot
r('sponSt"'.

1.1':' ZrRo GAs-A calibrating gas us..d rou.in""v to ch..ck instrum..nt zero.
1.1.6 CO'CBTR.HtO'-The volume frac.ion of th,' compon..nt of inter..st in

the gas mi"tur..- ..xpressed as volum.. pt'rc..ntal/" ur as pans per milliun
Ippl1l"

1.1.7 TOT.\L HYIJROC.\RSO'5-The total of h"droearbon compounds of all
classes and molecular weights.

I 1.8 Fl."t ... I()~IZUI()~ DETrcToR-A h'drol(en-air diffusion Aam.. d..t..c­
tor lhat produc("s a signal nominally proponi<.;nal to th~ mass flow ral~ of
h~dnl('arb(}n:'o("ntrrin~ thr flame per unit of liJn("-~en("rallyassumed respon~

si\'{~ to the Ilumbt'r (If carbon atolll\. ("nterine the flame.
I.l.~l :\'O~-D1SI'F.R~I\·E J:"Ot'R.\RfD "\:\.·\1 YZUt-- .\n instrument that. by absorp~

lion of infran'd {'(HTgy. sl'lrcti\'ely nwaliurf'S sJX'c:ific ('nrnpon~nts.

1.1.1 0 CHF.~ill.l·MINI:::SCE:-:T ASAL\'ZER-An instrumtont in which the inten­
sit\" of light produc..d by the ch..miluminescence of the reaction of nilric oxid..
with ozonf" is proportional to the conc~ntrationof nitric oxid~. Con\'~rsion of
:'\0" to NO prior to ent ....iog the analyzer permits the determination of both
sp.-cies with this analyzer.

1.1.11 hTERH.REscE-lnstrum..nt r..sponse du.. to the presence of compo­
nents nlh..r Ihan the ga~ that is 10 be lll..asured .

1.2 Abbr""iat;ons and Symbols

(COl
(CO.,I
IH(~)

2.4 Data Recording
2.5 Chassis ~'namometer

3. In.trvmmlalimt Routine'
3.1 Exhault Gas :\nal~1ical Proc~ures

3.2 Fuel Flo... InslnJm..nlalion
4. Te.I Procedure

4.1 Test Lavout
4.2 T..st Co~ditions
".3 T..st Proc~UIT

5. Infonnatimt 10 bt Rrrordnl
5.1 Sample Data Sh....t
5.2 Continuous Data

6. ealnllalion of Re.u.lt.
6.1 Continuous (Scan) Data
6.2 Equations for Calculation of Modal Mass Emissions from Continu-

ous Data
6.3 Optional Combustion Performance Paramrters
6.4 C~mputation of Composit.. R..sults
6.:'1 SampI.. Emission Calculation

7. Prnm,.,tio" of RrlUlt.
Rrfrrm,."

C()~TEl'\TS

Purf»u afld Inlrotlu.,.,i"fI
I. Ihjinilion.

t.I Terms
1.2 Abbn"iations and S~'mbols

2. IfI,'rvmmlalion
2.1 Exhaust Gas Anal~1ieal S~·.t..m
2.2 Exhau51 Ga5 Samplin!/: Sptem
2.3 Fuel Flo,,' Instrumrnlation

PKrpo.-This is an SAE recommended procedure for determining the
hydrocarbon, carbon monoxide, an.d oxides of nitrogen emissions of a gas
lurbine powered light duty surface vehicle operated over the EPA urban
Dynamometer Driving Schedule specified for Federal certification of vehicle
exhaust emissions of light duty vehicles. This procedure, which is performed
on a chassis dynamometer. is designed to yield accurat.. values of grams per
mile (g/kIn) for the three pollutants.

InlToduction-The Environmental Protection Agency has d..fin..d the test
proc~ures for "ehide exhaust ..missions of gasoline fueled and diesd power..d
light dutv vehicles in the Federal Regisl .. r (1-4). Thes.. procedures must be
rigidh- adhered to when new motor vehicles are certifi..d to ha"e ..missions
below the established standards prior 10 the sale of th..se vehicles 10 Ih..
public. Since tht"St" procedur..s are not applicable 10 gas lurbine power..d light
dut,· vehicles, a proc..dure which is applicable for ..ngin.. and vehicl.. d..velop.
ment purpos..s has been defined and is pr..sented.

Th.. recommended proc..dure is defined as a "fud based continuous t..ch­
nique:' In this procedure. the undiluted ..xhausl pollutant sp..ci..s and the
..ngin.. fud Aow ar.. m..asured continuouslv throughout the test driving sched:
ule. By using the carbon balance lechnique. the instantaneous pollutant
concentrations call be expres..,d as an instantaneous "grams of pollutant per
kilogram of fuel bum~" (commonly refe~ to as Emission-Indcx). Multi­
ph'ing this value by the measured instantaneous fuel flo,,' and summing Ihese
"alues for the entire lest will give the total grams of pollutants. Dividing bv
the lotal mileage of the test will gi"e the desired grams per mil.. (g/km) ,·alu...
In addilion to grams per mile (g; km) ,·alu..s, this procedure provid..s instan­
taneous emission information which can be used for diagnostic and d..velop­
m..ntal purposes.

Background-Since gas turbine powered cars are nOI currelllly o.!f..red
for sale to th.. public, there is no requirement for EPA 10 certify lh~ ..mi..ions
of a gas turbin.. powered light duty v..hicl... For this reason, nO t..SI procedure
for gas lUrbin.. puw..red Iighl duty v..hiclts has been issued by EPA.

The EPA proc~ures referred to earlier are unabl.. 10 accommodate a gas
lurbine since th..s.. proc..dur..s specify th.. procesoing and handling nf Ih.. total
dilute ..xhaust flow of th.. I..s. ,·..hicle. In all cases cfl.·ued by Ihese procedur..s.
Ih.. total exhaust flow is significantly below th.. 350 ft'" min (0.16:'1 m"/sl
capacity of th....quipm..nt in usc. Sinc.. turbine exhaust flows cao be 10 times
'Ihis ,·alue. the existing equipm..nt for proc..ssing th.. to~1 exhausl flow is
inad..quate. Althou!(h a S(·al..d-up \"..rsion of the equipment specificd by the
EP.... procedur.. could be recomm..ndrd. th.. committ .... decided that this
recommendation could not be juslified at this tim.. b..cause of lechnical
uncertain,,'. Hry low dilute concentrations. t·ost. size. and lack of inc..ntiv..s
for implen;f'lllalion of such a procedure. Th.. ('ommitue. therdor... d"cided to

recommend a pcucedurr "'hieh would pm\"idr for an accurate det ..rmina·tion
of the thre.. pollulanl cmissions for makin!( ,·n~in.... rin!( comparisons. How­
f'\"r-r. thf' procedure \,'as n:"{luilTd to be Kasonably slmplf' "and inexpensive Is
\\"ell as bein~ suitabk as a de,·..lopment tf'chniqu...

""his r'C<:ol1unended pnx:t:'dun: ("an provide data that can be u!'ied for d('\'e1­
opment and comparison purpos..s.."n allraniye f<"atun, of this prondur.. is
thaI it is applicable to any I\'P" of en~ine r..~ardl,·ss of th....xhauS! l10w ra.e.
provided its instantancou~ fu("1 flow can be mt'asurcd. Therefore, Ihj~ proce­
dure is equally applicable 1l(J\ ollk '0 gas lurbines. but al", '0 olher engin..s.
~lIch as :ipark il:nitiol1 eng'inC"s. diesel ("n~in('.... steam f'ngiJlcs. and Slirlin1{

..n!l"ines.
l'hi" unin"n::al applicahilit~· permits a df"H'rmination Dr the a('C.'urac:\' of tilt'

pron'dure. The fuel basrd cOlllinuous pro"edure can 1)(" used for nH"asurin.~

piston engin.. emissions in parallel wilh the cOll\"enlional Fe·derall,· slwcifjed
pmn·dure. R"sllits of sllch tests b~ II,.. nmllllit"·c as wdl as those r'"!)oned in
the lil('ratun' 15.til establish the !l"0<K! corr..lalion b,·tw'·'·11 the fuel baS/·d
l~onlinliOUS pr(x'("d\ln~ and the Fedrrally spcTifird pnx.Tdun: for piston ("n·

Ifines. Althou!l"h a similar parall..1 lest is nut a\'ailabk for a .gas lurbille. il is
rea,ollabl.. \() assume Ihal the lurhi",' rcsults rwm th.. fuel ba"'d p",,·rdn...·
shuuld be as accurate as thuse from Ihe pistilli eng-IO".
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UNRESTRICTED OUTLET

.... FLOWMETER

p y
RECORDERS

UNRESTRICTED

f OUTLET

~FLOWMETER

~ RECORDERDUMP

BYPASS
SPAN,., (VALVE

- ---- ----;,

CO

PUMP

PUMP CONVERTER/'"

SPAN

ZERO __ ' =====_-_-:.:.:.:.
I,
I

I
I .......... SEE NOTE

HEATED FID :
160° ± 5°C I

I
I

I ~ .. - ..
I \__..

" RECORDER/
PUMP

=-=:= SAMPLE LINE: HEATED TO 150°C ± 5°C TO THE FID
HEATED TO 55°C ± 5°C DOWNSTREAM OF THE FlO

:,~:AUS~ :
)"

",I
I ' FILTER"
II II
,I II

I ' SPAN - ZEROII II

: : : ~ I I

~~~~~~~~~~~-~~-~~~~~~~=~=-

NOTE: HEATED LINE DOWNSTREAM OF PUMP OPTIONAL. IF NOT USED
ADDITION OF COLD TRAP, DESICANT COLUMN, AND ASCARITE COLUMN
MAY BE REQUI RED TO ELIMINATE CONDENSATION AND INTERFERENCES

FIG. i-EXHAUST GAS ANALYSIS SYSTEM

=27,. of full scale
=: I~; of full scale

Fl\1 = fuel mass associated with combustion during a time increment
F\T = total fuel volume durin!( driving mode
F\IT = total go fuel consumed during driving mode

SG = specific gravity of fuel
1\1 = molrcular wei!(ht

CT = cold transient modes
CS = cold stabiliz..d mod..s
HT = hot transient modes
BG = back!(round

B = beginning or period
E = end of period
N = total number of time incr..ments during driving mode
l' = t..mp..raturc-F (C)

2. Instrummtation
2.1 Exhaust Gas Analy1ical System-Fig. I is a sch..matic drawing of a

typical exhaust gas sampling and analytical system for the continuous meas­
urement of exhaust gas products emitted from the exhaust pipe of a gas
tllrbine ..ngine. Additional components sllch as instruments, valves, solenoids,
pumps. and switches may b.. added to pro\'ide additional information and
facilitate the operation of the component systems.

2.1.1 ARRA!'GE~tE~T OF A"AL\TtCAL SVSTHI-The following compon..nts
are recommended for usc in the exhaust sampling system.

(a) \\'ater Rcmoval De\'ices-No desicants, dryers. water traps or related
equipment should be used !()lreat th.. exhaust sample flowing to the HC and
NO, analysis instrumentation. Usc of such de\'ices is optional for th.. CO and
CO" analyzers.

(b) Particulate Filter~Borosilicat.. glass fiber filt ..rs approximately 7 cm in
diam..ter with appropriate holding fixtljr.. of low internal volume should be
used (one in each leg of the sample system) to rcmov.. any particulate matter
which may be present. Contaminat..d filters can result in excessiv.. hang-up
aod should be changed frequently (as often as each test).

(e) I'umps-A positive displacement pUpIl' (typically 20 I/min with pump
inlet and outlet at atn1t>spheric pressure) 'should be used in each leg of the
anah'sis svstem to pull the sample from the probe to the pump and th..n to
push the sample through the analyzer. It is recommended that a diaphragm
tvpe p"mp with a Teflon diaphragm and stainless steel chamber be used to
minimiz.. hang-up. Carbqn vane or piston pumps which may intfOduce a
hvdrocarbon lubricant into the sample gas are to be avoided. The pump
should sllpply a non-varyiog flow rate. The pump and its motor should be
mounted in such a manner as to minimize the transmission of mechanical
\'ibration to the system as such "\'ibration may affect the output' of the
analyzcrs.

(d) Flow Control and !\Ieasuremcnt-Sample flow or pressur.. in each of
th.. analvz..rs must b.. held constant and ma\' be regulated either with an
automatic flow ·regulator or manualk by adjustable needle vakes, and should
then be monitored by a rotameter with an inert material fI,;al. Th.. range of
the rotameter should be consistent with the r('quired analyzer flow.

il'l :\lI~iliarv Heating-·AIl specified sample line.. filt ..rs. pumps, and con­
trol "akes should be heated to such a temperature that no water \'apor in the

..~haust sample will condense. A temperature of:>5 ~,:>'C should me,", this
requirement.

2.1.~ HYDROC.ARHOX ANAlyzERs-H\'drocarbon measurements should be
made with a heated flame ionization ·d.. t..clor (HFlD) type analyzer. This'
analyzer should be fitted within a constant-temperature chamber housing the
detector and sample handling ('omponcnts. This c"'amber should maintain a
temperature within the range of 155°C-165°C. The analyzer should be capa­
ble of rn.-et ing the following specifil'ations:

(a) ResponS<" Tim.. (Ele(·trirall--YW; of full scale in 0.5 s or less.
i b I :-';o;S<"-=: I i;; of full scale on most SC'n.,itivc range.
(cl Rcpeatabi'lity-:= I':; of full scale on all fan!!"".'
(dl Zcrn Drift--·Le-ss than =I"; of full s('al" in 2 h on all ranges.
i e) Span Drift-Lt"S.s than =I'k of full scale in '2 h on all ranges.
(f) Linearity-Response with propane in air should be =2'1. o\'er the rang..

of 0-2000 ppm C.
(g) Oxygen Effect-The response to propane in air shall not differ by more

than Y;; from the response to propan.. in a 10';; °2/90'>; N2 mixture, nor differ
b\' more than 5'0'; from the response to propane in nitrogen,

(h) Range and Accuracy

0-10 ppm C =:5'!'.of full scale
0-100 ppm C ~2(;;. of full scal..
All higher ranges =I".; of full scale

(i) Flame ionization type hydrocarbon analyzers arc affected hy the oxygen
content of th.. sample gas. This is normally not a problem with turbine
exhaust, since the oxygen content of Ihe ('xhallst does not vary greatly from
that of air (which is the recommended diluent for the calibration gases).
Should oxvgen synergism become a problem, it should be determined and
corrected for as described in Ref. 7.

2.1.:\ (l"DIR) AN ..\I.YlERs-Non-dispersive infrared analyzers should be
used for the monitoring of carbon monoxide and carbon dioxid... These
instruments lIlay be instalkd either in series or in parallel. Tbey should meet
the following specifications:

ia) Response Time (Electrical)-90"; full scale in 0.5 s or less.
(b) Zero Drift-Less than =1"; of full scale in 2 h on most sensitive range.
(c) Span Drift-Less than =1"; of full scale in 2 h.
(d) Rcpeatability--~1"; of full scale.
iC) Noisc-Less than 1':; of full scale on the most sensitive range.
(fl Range and Accuracy (excludtng interferences)

Carbon Monoxide
0-100pplll
All higher ran!(es

Carbon Dioxide
0-2% =1':;' of full scale
All highcr ratlges ~ I ':'; of full scale

i g) .-\11 :-';DIR instruments should be equipped with c.. lls of suitable length
to Ineasure C"xhaust cnn('cnlralions \\Oithin the ..anges n(Te~s~' tu the above
accuracies. Range changcs llIay be accolllplishcd either bv usc (If st~cked cells
or changes in e1eclronit" cin·uitry.
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(hI [Olerl;'renl"t·s- The ND[R instrurnellls used to measure CO and CO"
may be healed or unheated. [n either configuration they must be free from
significant interferences from other gases found in the exhaust stream. The
extent of water \'apor and carbon dioxide interference on the carbon monox­
ide analyzer shal! be determined by passing a range of alllicipated conceOlra­
tions of carbon dioxide and water vapor through the instrument and observ­
ing the response. If the effect is greater than 2'7.. of measured CO levels. all
subsequent measurements shall be corrected for these interferences. The
exte'nt of water vapor interfereace on the carbon dioxide analyzer shall be
determined by passing a range of antieipated concentrations of water vllpor
through the instrument and observing the response. If the effect is greater
than 2ri of measured CO2 levels. all subsequent measurements shall be
corrected for this interference.

2.1 A NO. ANAI.YZERS-Oxides of nitrogen measurements should be made
with a chemiluminescenl type instrumelll. Since this type of instrument is
sensitive to only nitric oxide (NO), it is necessary that the instrument be
equipped with a high efficiency thermal converter which will convert any
nitrogen dioxide (N02 ) to nitric oxide prior to analysis. This instrument
should be capable of meeting the following specifications:

(al Response Time (Electrical)-90r; of full scale in 0.5 s or less.
(b) Noise-Lf"SS than 1';; of full scale.
(c) Repeatability-:+:: lSi of full scale.
(d) Zero Drift-Less than:+:: I';; of full scale in 2 h.
te) Span Drift-Less than:+:: II} of full scale in 2 h.
(f) Linearity-Linear to :+::2'7. of full scale on all ranges,
(gl Range and Accuracy

0-10 ppm :+:: 10/, of full scale
All higher ranges :+:: 10/" of full scale

(h) Com'erter Efficiency-Should be greater than 900/"
:>iOTE: There may be problems in achieving the specified noise and response

specifkations simultaneousl)·. If these problems are encoulllered and a speci­
fication must be relaxed. it is most important that the response times of all
analvzers be balanced.

'2.2 E~haust Gas Sampling System
2.2.1 SAMPLING PR08E-The exhaust ,~as sampling probe/or probes shall be

dcsign~d to provide a continuous representative sample of the engine exhaust
ga.<. To minimize any change in the chemical composition of the exhaust gas
sample. the probe shall be made of stainless steel, or other inert material. It
should be ascertained that no catalytic action occurs in the probe. Prior to
testing under Ihisproccdur~. it shall be determined that the sampling probe
provides an adequate rcpresentati\'e sample of the exhaust 'ga<. In general, a
mixing probe of the following design ha< been shown to provide a representa­
tive sample. The probe may be fabricated from a %in (9.5 mm) stainless steel
lube which is sealed at one end. Sampling holes of equal diameler (Y16 in
11.6 mml is commonly used) shall be spaced at I in (25.4 mm) intervals along
the portion of the tube \·,.. hich is inserted inside the exhaust duct. The sam­
pling holes shall be sized so that the major pressure drop through the probe

. a'5embly shall be taken at the holes or orifices. \Vhen the probe i~ inserted in
the exhaust duct. the sampling holes shall face upstream (analogous to a total
pressure probe).

Generally. one sampling probe per exhaust duct is adequate. When the
yehicle has two exhaust ducts, connection of the two sampling probes with a
minimum restriction "Tee" will usually provide a single representative sample
for the rmission analyzers. The exhaUSI sampling probes shall be localed a
minimllin of 2 exhausl ducl diameters downstream from the engine exhaust
flange.

The emissions from an oil SlImp hreather system must be induded in this
procedure. Therefore, it must be ascertained that the breather emissions are
either directly or indirectly (through an internal venting system analogous to a
PCV \'alve system in a piston engine) ihcluded in the exhaust gas sample
prO\'ided by the sampling probe.

2.2.2 SAMPI.E TRANSFER-The continuous exhaust sample shall be trans­
ferred from the sampling pre?be ,to the analytical instruments through a
sample line of either stainlesssteel or other inert material. Total sample flow
rate should be adjusted to that a fresh charge of sample gas will be trans­
ported from the sampling probe .entrance to Ihe inlet of each analyzer within
6 s. Sample line length should be as short as possible and sample bypass Aow
should be maintained as required:,

2.3 Fuel Flow Instrumentation--The measurement of fuel flow shall be
made using either an integrating, volumetric, positive-displacement meter or a
flow rate meter of the rotor or turbine type. Other meter types may also be
employed provided their performance conforms to the general specifications
outlined herein.

Performance specifications for the integral, volumetric fuel meter are a<
follows:

Repeatability:

Rf"Solution:
.\('curacY:

Resolution:
Accuracv:
Zero Drift:
Span Drift:
Repeatability:
Temperature Range:
Response'

,0.0003 gal ( 1.14 ntl) or less.
:::0.5"; of reading l or :+::0.0003 gal (1.14 ml) which­
ever is greater for 2-20 gal/h (7.57-75.71/h).
:!: 1.0'; of reading l or :':::0.0003 gal (1.14 ml) which­
ever is greater for 0.5-2.0 gal/h (1.89-7.571/h) and
20 gal/h (75.7 h'hl to max. flow.
:+::0.3';; of reading or :+::0.0003 gal (1.14 ml) which­
ever is greater.

Temperature range: GO'F (15.5'C)-150'F (65.6'(:) ambient.,
Performance specifications for the fuel flo\\' rate meter are as follows:

Flow Range: 0.5 gal;h (1.891/h) to 125'i; of highest flow rate
expected during test. .
0.5'1 of full scale.
±0.5~; of full scale.
Less than 0.5e

; of full scale in 2 h.
Less than 0.5':; of full scale in 2 h.
:+:: 1.0"'; of reading.
6O'F (I5.S'C)-150'F 165.6'(:) ambient.
90"" of final reading for 0 to maximum fuel flow in
less than 0.5 s.

1The readOUI of an integral, vol~m~tric fuel m~ter normally displays the cumulative
fuel volume measured (for example, in gal [Ill from n:set of the readout to zero. It does
not display a fuel Aow rate (for example, in gallh IlIh)).The use of the expression '''70 of
reading" for th~ int~graJ. volymetric fuel meter, thll!reCore. refen to a percentage of the
total fud volume measured (and displayed) and not to a percent~ge of some fuel flow
rate.

Although specifications for both fuel meter types are presented. it is recom­
mended that the generall\' more accurate integral, volumetric fuel meter be
used.

2.4 Data Recording-The fuel-based mass emission measurement system
requires continuous and accurate recording and processing of highly transient
data. An acceptable data recording system shall provide for the following two
functions:

(a) The continuous. permanent. real-time test site display of all test varia­
bles required and listed in Section 5.2 of this recommendation.

(b) Computerized data reduction.
Function (a) shall be implemented by utilizing devices such as multichannel

oscillographs or strip chart recorders to provide gross verification of the data
being processed, The data handling error incurred from pick-up of the emis­
sion analyzer signals and fuel meter signal through the real-time display of
these signals shall be less than:+:: 5'7. of the full scale signal for each range of
each instrument. Function (b) shall be implemented with devices commonly
used to prepare data for entry into di;;ital computing systems in either a
real-time or post-test mode. Included are devices such as FM magnetic tape
recorders. analog-to-digital converters. multiplexers, and associated signal
conditioning equipment. The data acquisition error for each channel into the
computing system, exclusi\'e of measurement errors and computer data re­
duction errors (that is, the data handling error incurred from piek-up of the
emission analyzer signals and fuel meter signal through digitization of all data
channels). shall be less than :+::2'if of the full scale signal for each range of each
instrument. Figs. 2 and :3 illustrate schematically data recording systems
which adhere 10 the above recommendations. However, these example sys­
tems should not be construed as required systems for compliance with this
recommended practice.

2.5 Chassis D)'namometer-A chassis dynamometer shall be used for
testing the vehicle on the EPA Urban Dynamometer Driving Schedule (Ap­
pendix L Ref. 1). The dynamometer must employ a power absorber to 'mu­
late road load conditions and a method of simulating inertia (either mechani­
cal or electrical).

Specifications-Chassis Dynamometer
Absorber Range 0-20 hp (14.9 kw)
HI' Acc';racy :+::2% of full scale
HI' Repeatability :+::2% of reading
Speed Range 0-60 mph (96.5 km/h)
Speed Accuracy :+::2% of full scale
Speed Repeatability :+::20/, of reading
Equivalent Inertia 1000-5500 Ib (453.6-2495 kg)

3. Instrummtahon Rootines
3.1 Exhaust Gas Anal)1ical System Procedures-The following

procedures are recommended for the proper utilization of the exhaust analysis
instrunlents.

3.1.1 REFERElIOCE AlIO" CALlBRATIOr; GASES- Each 'of the analysis instruments
requires a specific complement of gases for proper operation. These are:

(a) Hydrocarbon Analyzer-The heated flame ionization detector instru­
ment requires zero gas, fud, and calibration gases. These gases should meet
the following specifications:

05.gal/h ·(I.891/h) to 125% of highest oow rate
expect~d during test.

Flow Rate Ran~:
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Accuracies
as stated
in Section
2.1

Error limits as specified in Section 2.4 for
function (bl

DATA RECORQING SYSTEM UTILIZING Fl\
D COMPUTER FACILITY ANALOG TAP

DIGITIZATION

f---- I--Emission I I
analyzers 1--' InstrumentVisual output Computer
CO, CO2 1--- display quality digitization
He, NOx FM of

magnetic analog -
tape tape

Signal recorder

conditioning -
I package

Fuel
meter

Mag
Additional test variables Tape

Multi~hannel oscillograph
for real·time data display

Final data reduction via
digital computer

Tabular and graphical I
FIG. 2-EXAMPLE OFtest data
MAGNETIC TAPE AN

Zero Gas-Hydrocarbon free air with impurities not exceeding
0.1 ppm C.

Fuel-50':; helium, -lOS; hydrogen containing less than I ppm C hydro­
carbon.

Calibration Gases-Propane in air mixtures having nominal concenlra­
t iom of 50-95"; of full scale of each range used. The actual concentrations
should be known to ::!::2';; of the true values. Calibration gases of this accuracy
arc available from many gas suppliers and::!:: I'!' calibrations gases are availa­
ble from the National Bureau of Standards.

(b) Carbon Monoxide Analyzer-The NDIR used to measure carbon
monoxide concentration requires zero gas and calibration gases. These gases
should meet the following specifications:

Zero Gas-Zero grade nitrogen having less than I ppm carbon monoxide..
Calibration Ga~es-Carbon mono'lide in nitrogen having nominal con­

centrations of 30. 60. and 90"; of full scale of each range used. The actual
concentration should be known to ::!:: 2'.1, of the true value.

(c) Carbon Dioxide Analyzer-The NDIR used to measure carbon dioxide
requires zero gas and calibration gases. T~se gases should meet the following
specifications:

Zero Gas-Zero grade nitrogen having less than 350 ppm carbon dioxide.
Calibration Gases-Carbon dioxide in nitrogen having nominal concen­

trations of 30, 60, and 90";. of full scale of each range used. The actual
concentration should be ~nown to ::!:: 2'/' of the true value.

(dl Oxides of Nitrogen Analyzer- The chemiluminescent instrument used
to measure -~()x requires zero gas. calibration gas and converter efficiency
evaluation gases.

Zero Gas-Zero grade nitrogt,n having less than 0.1 ppm NO.
Calibration Gases-Nitric oxide in nitrogen having nominal concentra­

tions of 50 and 9S'} of full scale of each range used. The actual concentration
should be known to ± 2f:~, of the true value.

Converter Efficiency Gases-The instrument manufacturer will specify
the gases necessary to perform a converter efficiency check. \Vhere specific
concentrations are required, these concentrations should be known to ::!::2';C of
their true value.

3.1.2 CAl.IBRATlOS PROcEDuRE-The analytical system should be calibrated
at least once every 30 days. 'It is important that whe.... allibrating, the same
flu,," rates are used as when analyzing saIllples. '

(a) Zero the hydrocarbon, carbon monoxide, carbon dioxide, and oxides of
nitrogen analyzers with the zero gases specified above, '

(b) Set the CO and CO2 analyzer gains to give the desired range. Select the
de~ired allenuation scale on the HC analyzer and adjust the electronic gain
control to give the desired range. Select the desired range of the NO. analyzer
and adjust the phototube high voltage supply or amplifier gain to give the
desired range.

(c) Calibrate each analyzer with the appropriate calibration gases specified
above.

(d) Compare the values obtained on the CO and CO2 analyzers with
previous calibration curves. Anv significant changes reAect some problem in
the system which must be corrected. If necessary, locate and correct the
problem and recalibrate. For the HC and NO. analyzers, the calibration dat'a
must be linear through zero (within the tolerances allowed by linearity speci­
fications and calibration gas accuracy). Deviation from a straight line indi­
cates instrument problems which must be corrected before recalibration.

(e) Check the efficiency' of the NO. to NO converter at least once per week
by the procedure recommended by the instrument manufacturer. If no such
procedure is recommended, the procedure outlined in Ref. 8 may be used.
The efficiencv of the converter should be virtually 100%. Efficiency checks
should be made on each appropriate analyzer range. If the efficiency is not
greater than 90'1,.. the cause of the inefficiency must be corrected, and the
efficiency check performed again.
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Accuracies as +
stated in
Section 2,1

Emission
analyzers
CO. C02
HC. NOx

Error limits as specified
in Section 2.4 for
function·(b)

Required interfacing
equipment through
data digitization

FIG. 3-EXAMPLE OF DATA RECORDING SYSTEM UTILIZING
ON-LINE COMPUTER INSTALLATION AND COMPUTER GENER­

ATED REAL-TIME INFORMATION

Digital
computer

Fuel 1J-__~
meter

Additional test variables J
Real·time
data
display at
test site

3.1.3 VERIFICATION .,SJ) hSTRL'MEST CHEcKs-Verification and instrument
checks should be performed before and after each test, but at least once per
hour.

(a) Allow a minimum of 2 h warm-up for all analyzers (power is normally
left on for infrared and chemiluminescent analvzers; but when not in use, the
chopper motors of infrared analyzers are turned off and the phototube high
,·oltage supply of the chemiluminescent analyzer is placed in standby).

(b) Cht>ck the sampling system forany leaks that could dilult> the exhaust
gas and replace or clean tht> sample line filter.

IC) Introduce zero gases at 14Je same flow rates used to analyze exhaust gas
and zero the analvzers. Obtain a stable zero on each amplifier meter and
recorder. Recheck after tests.

(d) Introduce span gases having concentrations of about 9O-95'X. of full
scale for each range used. In order to avoid corrections, span gases should be of
lhc same flow rates or pressures used to analyze test samples. Set the CO and
CO~ anah'zer gains, the HC analyzer sample capillary flow and electronic
gain control, and the ~Ox high voltage supply or amplifier gain to match the
calibration curves. If gain has shifted significantly on the CO or CO2
analyzers, check instrunlcnt tuning as per (nanufacturers~ recommendations.
If necessary. recheck calibration. Respan at end of test, but at least once per
hour. Record actual concentrations and gain readings.

lei Recheck znos: repeat (a) and (b) above, if necessary.
(f) Check sample line temperatures.
(g) Check instrument flo),' rates.
(hl Recheck zero and span points at the end of each test and also at

approximately I h intervals during a test. If either has changed by :+:2'1 of full
scale, the test should be rerun after system mailltenance. Should it be imprac­
tical to repeat the test. a correction based on a linear interpolation with time
is acceptable for corrections \\,ithin ~4~;.

(i) When the sample probe is in the exhaust stream and sampling is not
in progress, a back purge with air or inert gas may be necessary to proteet the
probe and sample lines from build-up whieh could affect HC readings. Check
the sample line for contamination each time the instrument zero and span
points are checked. This check is performed immediatelv after zero and span
adjustments' art' completed by introducing HC zero gas at the sample probe. If

Complete tabular and
graphical post·test
report

the instrument zero reading increases by more than 5~? of the scale in use, the
sample line shall be purged or cleaned as required to bring the zero wit,hin
limits. Upon meeting these requirements, introduce HC span gas into the
sampling system. If the instrument span reading is different by more than
:+:5'+ from the correct setting for the scale in use, further purging or cleaning
must be performed to bring the span within limits.

3.2 Fuel Flow Instrumentation-The fuel meter should be isolated in a
manner such that pressure drop. valving, or shuttle action have no influence
on the engine fuel control. The fuel meter must be placed in the fuel system so
that it measures only the fuel used by the engine. In engines with fuel control
systems using an external bypass or spill line, a low pressure fuel meter must
be placed in a position so that the bypass or spill line can be returned
downstream of the meter without affecting the operation of the engine fuel
control. A high pressure fuel meter must be placed downstream of the point
where the high pressure bvpass or spill line originates. Fig. 4 shows several
acceptable fuel meter connections and fuel system modifications.

Similarly, fuel meters with significant pressure drop, or transient pulse
effects, can be isolated from the engine fuel control by means or an accumula­
tor downstream. Satisfactory accumulators have been fabricated from carbu­
retor float bowls, thereby providing both pressure drop isolation and a reser­
voir for spill return fuel. A ruel pump may be mounted at the fuel meter inlet
in such installations.•prodded the pump is compatible with the fuel meter.

The following fuel meter calibration procedure shall be used:
(a) The fuelmcter shall be ealibrated to a known volumetric standard over

its entire flow range before it is placed in service.
(b) At weekly inten'als, the fuel jl'eter calibration should be verified for at

least one represenlativc flow rate.
(c) The fuel meter should be recalibrated over the entire flow range on an

annual basis.
(d) The user shall ascertain that transient flow rate variations do not

ad"ersely affect ealibration.
-I. T.st Pnx:tdurl

4.1 Test Layout
(a) The vehicle shall be placed on the dynamometer. Tie downs and/or

wheel chocks (if used) shalI:,be installed.
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FUEL FUEL
TANK High TANK High

Boost Pressure Fuel Boost Pressure Fuel
Pump Pump Nozzle / Pump Pump Nozzle

0 0 0 0 ,/
0 0 '" 0 0 '"Control Control

Valve Valve

By-pass Line By·pass Line

1} Vehicle System 1) Vehicle System

Low Pressu re
Fuel Meter

1- -I
o I

01

'-

2) L.P. Fuel Meter Installation

Low Pressu re
Fuel Meter

r -I

o I I 0
o I I 0

LJ

2) L.P. Fuel Meter Installation

FIG. 'i-SEVERAL ACCEPTABLE FUEL METER CONNECTIONS ANr
i'UEL SYSTEM MODlFICATIONS

o
o

o
o

High Pressure
Fuel Meter
r1
I I

High Pressure
Fuel Meter

--I

/0 0 ,
0 0 , , """'-, ,

L_'

3) H.P. Fuel Meter Installation

A) Fuel System Using a Return to Tank

3) H.P. Fuel Meter Installation

B) Fuel System Using a Return to Boost
Pressure

NOTE: "Vhen using two-roll dynamometers a truer speed-time trace may be
obtained by minimizing the rocking of the vehicle in the rolls .. The rocking of
the vehicle changes the tire rolling radius on each roll. The rocking may be
minimized by restraining the vehicle horizontally (or nearly so) by using a
cable and winch.

(b) An exhaust gas disposal system with a back pressure of ±0.5 in H 20
(gage) (0.12 kPa) at the vehicle tailpipe shall ~e installed. Exhaust gases shall
be disposed of in 'such a manner that recirculation into the engine inlet during
testing does not occur. •

(c) A driver's aid system which measures the'vehicle speed on the cryna­
mometer rolls and plots it in comparison with the prescribed driving schedule
shall be positioned in full view of the vehicle driver. '

(d) The fuel meter shall be installed in the vehicle fuel system as described
in Section 3.2. The fuel meter shall be qmnected to the readout and/or
recording instrumentation for data collection. Care must be taken to purge air
from the fuel system after the fuel meter is installed.

4.2 Test Conditions
4.2.1 CHASSIS DYNAMOMETER

(a) During dynamometer. operation. a fixed speed ~ooling fan shall be
positioned so as to direct sufficient cooling air to the engine compartment to
maintain engine cooling.

(bl Flywheels. electrical or other meilns of simulating inertia shall be set for
the proper equivalent inertia according to Section 8).074-15 of Ref. I.

(c) Power absorption. unit adjustment
(I) The power absorption unit shall be adjusted to reproduce road load

power at 50 mph (80.5 km/h) true speed. The indicated road load power
selting shall take into account the dynamometer friction. The relationslJip
between road load (absorbed) power and indicated road load power for a
particular dynamometer shall be determined by the procedure outlined in
Appendix II of Ref. I.

(21 The road load power listed in Section 85.074-15 of Ref. 1 shall be
used or the vehicle manufacturer may determine the road load power by the
following procedure:

a. Measure the corrected gas turbine speed and operating cycle tempera­
ture, of the representative vehicle of the same equivalent weight class when'

operated on a level road under balanced wind condi'ions at a true speed, of
50 mph (80.5 km/h).

b. Note the dynamometer indicated road load horsepower setting required
to reproduce that corrected gas turbine speed and operating cycle tempera­
ture when the same vehicle is operated on the dynamometer at a true speed of
50 mph (80.5 km/h). The tests on the road and on the dynamometer shall be
performed with the same vehicle ambient absolute pressure (usually baromet­
ric), within ±5 mm Hg (0.67 kPa).

(3) If the vehicle being tested is equipped with air conditioning the mad
load power determined above shall be increased by 10'7<.

(d) The vehicle should be nearly level when tested in o~er to prevent
abnormal weight or fuel distrilAtion.

(e) The drive wheel tires shall be inflated up to 45 psig (310 kPa) in order
to prevent tire damage. The drive wheel tire pressure shall be reponed with
the test results_

(f) If the dynamometer has not been operated during the 2 h period imme­
diately preceding the teot it shall be warmed ,:,p for 15 min by operating it at
30 mph (48.4 km/h) usin'g a nontest vehicle. Practice runs over the prescribed
driving schedule may be performed to find the minimum throttle action to
maintain the proper speed-time relationship.

4.2.2 FUEL-The fuet used in exhaust emission testing shall be the same
fuel specified by the engine manufacturer. Gas turbine engine fuels are typi­
cally a relined petroleum distillate, preferably of par:fffin or mixed ba~e stock,
free from water, suspended matter. and foreign material. In general, it should
be representative of commercial, seasonal fuels available at retail outlets.
Specific gravity of the fuel shall be determined and documented as prescribed
in Ref. 9. Fucl temperature shall be monitored at the fuel measuring device.
The carbon/hydrogen ratio shall be determined by currently a~epted proce­
dures (10).

The emissions determined by this procedure will be a function of the type of
fuel used. This procedure should not restrict or specify the type of fut:1 used
since one of the attributes of the gas turbine is its multi-fuel capability.
Emission results from this procedure should be reported with the type of fuel
as an integral part of the data (see data sheet. Section 5.1).

4.2.3 VEmen PRE-CONDtTlOS.SG-The "ehicle shall be allowed to stand
with the engine turned off for a period of not less than 12 h at an ambient
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temperatu're between GOOF (IS.6°C) and B6°F (30°C) prior to the cold start
dynamometer testing.

4.2.4 AMBIE"T ~MPERATURE A"D PREssuRE-The effects of. ambient tem­
perature and pressure on gas turbine emission levels are not well undel'!;tood.
Changes in ambient conditions can eause changes in emission levels through
changes in combustion characteristics. combustor operating conditions. and
enginc operation caused by the control system characteristics. Because of these
unknowns, the following recommendations are made.

The EPA regulations specify an ambient temperature range of 6B°F
(20°C)-86°F (30°C) during piston engine emission testing. Using the SAE
Engine Test Code J816a (11), it can be shown that a 2.5% variation in power
output of a piston engine results over an ambient temperature range of 18°F'
(10°C). It can be determined that approximately a 6°F (3.3°C) ambient
temperature variation will produce a similar 2.5% variation in power output
of a gas turbine engine. Therfrore, a 6'F (3.3'C) ambient temperature varia­
tion for a gas turbine may be roughly assumed to produce a similar variation
in power and emissions as an IBoF (IO'C) variation for a piston engine. Since
75'F IUOC) is a commonly available mean temperature, it is recommended
that gas turbine emission tests be made within an ambient air temperature
range of 72°F (22'C)-78°F (2S.S°C).

Ambieht pressure cannot be controlled in any practical way, although
changes in ambient pressure can cause changes in emissions of a gas turbine
engine. To minimize these variations, it is recommended that gas turbine
emissions tests be made at an ambient pressure of 7GO mm Hg ± 30 mm
(lOLl ± 4.0 kPa).

NOTE: If tests are conducted outside of these recommended ambient tern·
perature and pressure ranges. the results shall be qualified with a statement to
this effect.

4.2.5 AMBIE"T HU~HD"TY-Ambient absolute humidit)· should be main­
tained as close as possible to 75 grains (4.B5 g) ofwater/lb (0.454 kg) of dry air
(approximately 50··65'';; relative humidity at \he ambient temperature level
extremes of 78'F [25.5'C] and n'F [22'CJ respectively).

The EPA humidity correction factor for NO. emissions from piston engines
(1) is unity at an absolute humidity of 75 grains (4.85 g)/Ib (0.454 kg) of dry
air. Therefore, uncorrected gas turbine NO. data should be directly compara­
ble to piston engine data at this reference absolute humidity level. Minimizing
the variation of absolute humidity from 75 grains (4.BS g) will minimi2e errors
in applying to gas turbine NO. emissions the EPA humidity correction factor
which was developed for piston engines.

4.2.6 AMBIEST CONTAMINATIoN-Due to the high combustion efficiency of
the gas turbine engine. the HC and CO content of the exhaust gases may be of
the same magnitude or less than that of ambient engine intake air. It is 'also
known that some percentage of the inlet HC and CO pollutants are partially
consumed and HC converted to CO. NO. passes through the engine unaf­
fected. These phenomena suggest that determination of absolute exhaust
emission levels would require that the ambient air at the testing facility be
devoid of all contaminants. Since this approach is unrealistlc an alternate
procedure is outlined.

There is no known method to reduce the NO., CO, HC. and CO2 levels in
the large quantities of air consumed by the gas turbine. In the interest of
accuracy. it is recommended that engine inlet NO. levcls be maintained at
less than 1 ppm. Inlet CO, levcls must be subtracted from the exhaust values
in ordcr to accurately compute the actual air/fuel ratio. Inlet CO2 levels
should be less than 500 ppm to insure valid results. In sum.mary, it is recom­
mendcd that inlet contaminants bc maintained at levels less than the follow­
ing values:

HC 3 ppm C
CO 5 ppm
NO, I ppm
CO2 500 ppm

Inlet contaminants shall be determined by measuring the species of pollutant
in the proximity of the engine inlct with the instrumentation prescribed in
Section 2.1 as follows:

(a) Less than I min prior to start of test.
(b) Not more than I min after epmphotion of the cold stabilized test.
(c) Less than I min prior to the start of the hot transient test.
(d) Not more than I min after completion of the hot transient test.

As an optional precaution, ambient contaminants should be monitored con­
tinuously with separate instrumentation:at the test facility to detect transient
contamination conditions such as fuel spillage or exhaust leaks. The numerical
time-average of the continuously monitored inlet contaminants should be
compared to the recommended ambient levels.

NOTE: If tests are conducted with higher than the recommended levels of
ambient contamination, the'l"esults shall be qualified with a statement to this
effect.

4.3 Test Procedure
This test consists of engine start ups and vehicle operation on a chassis

dynamometer over the specified driving schedule. Engine exhaust is sampled
and analyzed continuously to determine hydrocarbons, carbon monoxide,
carbon dioxide and oxides of nitrogen mass emissions. over the specified
driving schedule. Inlet contaminants are deter,nined as prescribed in Section
4.2.6. NO. is corrected for humidity (Section 4.2.5) and the results entered on
the test result form (Section 7).

4.3.1 VEHICLE AND TEST FACILITY PREPARATION-Set chassis rolls inehia
and horsepower according to Section 4.2.1. Prepare car on chassis dynamllme­
ter for testing and assure that the following items are accomplished:

(a) Anchor as required..
(b) Connect exhaust gas disposal system.
(c) Connect sample probes, sample lines, analyzers, and recorders.
(d) Position fan according to manufacturer's recommendation.
(e) Hood will be closed during test.
(f) Connect fuel meter (previously installed in fuel system) to recorder

and/or computer system. •
(g) Obtain sample of fuel for determination of specific gravity (Section

4.2.2).
4.3.2 INSTRUMENT CALIBRATIO,,-Check calibration of exhaust analysis 'in­

strumentation before and after each test period (per Section 3.1.3).
4.3.3 AMBIENT CONTAMINATION-Record ambient contaminants (Section

4.2.6) before and after each test period using the identical instruments used
for exhaust gas analysis.

4.3.4 ESGINE STARTING AND RE-STARTING-Emission sampling shall begin
prior to engine starting. The engine shall be started according to the manu­
facturer's recommended starting procedures. The initial 20 s idle period shall
begin when the engine first reaches idle speed. The transmission shall be
placed in drive 15 s after the engine is started. H necessary, braking may be
employed to keep the drive wheels from turning. .

(a) If the engine does not light off after 10 s of 'cranking, cranking shall
cease and the reaspn for failure tostart determined. Should the manufacturer
provide a safety system which renders the start cycle inoperative for a pre­
scribed time to permit fuel drainage from the combustor, the time required for
this event shall be adhered to. Three attempts to start are allowed before
aborting the test.

(b) The analyzers and samplc lines shall be purged during this diagnostic
period. If failure to start is an operational error. the vehicle shall be re­
scheduled for testing from a cold start. If failure to start is caused by vehicle
malfunction. correctivc action of less than 30 min duration may be taken and
the test continued.

The sampling system shall be reactivated at the sam", time cranking is
started:- When the engine starts, the driving schedule timing sequence shall
begin. If failure to start is caused by vehicle malfunction and the vehicle'
cannot be started, the test shall be voided, the vehicle removed from the
dynamometer. corrective action taken, and the vehicle rescheduled for test.
The reason for the malfunction (if determined) and the corrective action
taken shall be reported

(c) If the engine "false starts" (does not self sustain) the operator shall
repeat the recommended staning procedure. False start emissions shall be
included.

(d) If the engine stalls during some operating mode other than idle. the
dri\'ing schedule4l\tdicator shall be stopped. the vehicle re-started, accelerated
to the speed required at that point in the driving schedule and the test
continued. Sampling shall continue throughout this period.

(el Hthe vehicle will not start after three attempts, the test shall be voided,
the vehicle removed from the dynamometer, corrective action taken, and the
\'ehicle re-scheduled for test. 'I;he reason for the malfunction (if determined)
and the corrective action taken shall be reponed.

4.3.5 DvNH10METER DRtVI"a SCHEDULE
(a) The prescribed driving schedule to be followed consists of a nonrepeti­

tive series of idle. acceleration, cruise, and deceleration modes of various time
sequences and rates. The driving schedule is defined by a smooth transition
through the speed versus time relationships listed in Appendix I of Ref. l. The
time sequence begins after starting the vehicle according to the start·up
procedure described in Section 4.3.4.

(b) A speed tolerance of::t:2 mph (3.2 km/h) and a time tolerance of ::t: I s
(or an algebraic combination of the two) f'om either the speed-time relation­
ship prescribed in Appendix I or as printed on a driver's aid chart are
acceptable. Speed tolerances greater than 2 mph (3.2 km/h) are acceptable
provided they occur for less than 2 s on anyone occasion. Speeds lower than
those prescribed may be acceptable prO\'ided that the vehicle is operated at
maximum available power during such occurrences. Further, speed deviations
from those prescribed due to stalling are acceptable provided the provisions of
Section 4.3.6 are adhered to.

(cl The dynamometer run consists of two tests, a "cold" start test after a
minimum 12 h soak and a "hot" start test with a 10 min soak between the two
tcsts. Engine start-up, operation over the driving schedule, and engine shut-
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FIG. 5-DATA SHEET-GAS TURBINE VEHICLE EMISSION TEST

Transmission Ident. _

Engine Ident. _

Diluent

(Valve should replace
the exhaust gas sampling
probe forthese tests.)

Pl

Concentration

I-<-__.L._~_ Zero air

To exhaust gas analytical system

Zero

INSTRUMENT CALIBRATION

Span Gases

P2

HC

NO

CO

C02
CO
NOor
He

Ambient Temp. (inlet) OF (0C)
Wet Bulb Temp. OF (0C)
Barometer in Hg (mm Hg)
Fuel Temp. OF (0C)
Sample Line Temp. OF (0C)
No. of Abortive Starts __

Dynamometer Ident. _
Date of Last Dynamometer Calibration _
Inertia Loading Ibm (kg) _
Road Load Power at 50 mph (80.5 km/h) hp (kw) _
Drive Wheel Tire Pressure, psi (kPa) _
Instrumentation Ident. _

Fuel Specification _
Fuel sp. gr. (ASTM D 1298) _
Fuel H/C Atomic Ratio (ASTM D 1018-64) _
Vehicle Operator Inst. Operator _

Start

(a) With .the exhaust gas sampling systems iIi that condition described in
Section 2.1 for normal test sampling, flo~,.erogas through the valve shown at
the flow rate to be used during testing.

(b) Connect CO2 span gas to the test gas inlet port anP adjust P2 to
0.2 ::':: 0.1 psig (1.4 ::':: 0.7 kPa).

(c) Switch the valve to allow the CO2 span gas to flow through the exh,wst
gas sampling system and measure the total time within ::'::0.5 s from ihe
opening of the valve to the recording of a CO2 analyzer output signal equal 10

50% of the correct value (that is, calibration value).
(d) Repeat steps a-c three times and compute the average response time for

the CO2 analyzer,
(e) Replace the CO2 span gas ,in turn with'CO, NO, and HC span gases

and repeat steps a-d for each gas.

FIG. 6-TEST SYSTEM FOR THE DETERMINATION OF RELATIVE
INSTRUMENT LAG TIMES

Analyzer

Vehicle Test Data
Test No. Date Time _
Vehicle Ident. _

down make a complete cold start test, Engine start up and operation O\'er the
first .')05 s of the driving schedule complete the hot start test.

(d) The transmission should be placed in the park position and the sam­
pling probes turned off upon completion of .the cold transient and cold
stabilized cyclcs. Inlet contaminants shall be measured per Section 4.2.6. After
a 10 min soak period conduct a hot transient cycle identical to the cold
transient procedure. The fan shall be turned off dUTing the soak period.

(e) Disconnect sample probes, exhaust ducts and remove vehicle from
chassis rolls.

4.3.6 GENERAl.
(a) All test conditions shall be run with the transmission In the normal

ratio for similar road driving.
(b) Idle modes shall be run with the transmission in thc :'ormal drivc-away

ratio. except first idle, and the wheels braked.
(c) The vehicle shall be driven. with minilll!lm Ihrollif mOI·tm",1 to maintain

the desired speed and the simultaneous usc of throttle and brakes shall be
avoided.

(d) Acceleration modes shall be driven smoothly allowing the transmission
to operate through the normal sequence of ratios. If the vehicle cannot
accelerateat the specified rates, the "ehicle shall be accelerated at \VOT until
the "ehicle speed reaches the speed at which it should be at the time during
the driving schedule.

(e) The deceleration modes shall be run using brakes or throttle as necessary
to maintain the desired speed.

(f) The hood shall be closed during the 10 min hot soak period.
5. Information to "" Recorded

5.1 Sample Data Sheet-See Fig. 5.
5.2 Continuous Data-The following test data shall be continuously

recorded and processed through the data recording system specified in Section
2.4:

(a),CO,
(b) CO2
(c) HC
(d) NO,
(e) Fuel FI~
(n O 2 and additional test variables of interest as recording system capacity

permits (optional).
(g) Instrument range information as specified in Section 5.2.1.
5.2.1 RANGE CHANGES-Throughout the emissions test, instrument range

changes may be required to maintain a high instrument output signal·to-noise
ratio. Dynamic instrument range information shall be recorded throughout
the test. Range change times s"all be recorded from zero time on the pre­
scribed driving schedule with an accuracy of ::'::0.5 s of the true range change
time. Information for determining,die instrument range in use before and
after the change shall be recorded. Three examples of 'acceptable range
change techniques are presented.

Example I-Simplified range change recording technique for use with
the recording system shown in Fig. 2: A range change log for each
instrument can be kept during the test noting initial range settings 'for all
instruments. range change tirnes for each instrument as measured from zero
time on the prescribed driving schedule, and instrument range setting after
range changes. Range change times can be observed from a display of cumu­
lative time for l1le test. These data can later be inserted into the data reduc­
tion computer progra!1'.

Example .2-AulOmatic range change recording technique for use Wilh
the recording system sho~n in Fig. 2: All instrument range changing switches
can be equipped with digital logic circuits to be used for indication of instru­
ment range. At the time of any range change, these logic circuits would be
activated and place a signal on the magnetic tape whiGh can later be decoded
by the data reduction program.

Example 3-Automatic range.change recording technique for use with
the recording system shown in Fig. 3: All instrument range changing switches
can be equipped with digital logic ciJ;Cuits to be used for indication of instru­
ment range. At the time of any range change, these logic circuits would be
activated and transmit encoded information through the normal data stream
to the computing facility for subsequent decoding. All required range change
information could ~ included in the encoded data word.

5.2.2 D.UA SAMPLING RATE-All continuous data specified in Section 5.2
shall be sampled (updated) at a rate of not less than 2 samples per second per
channel.

5.2.3 REI.ATlVE INSTRUMENT LAG TIME-The relative respbnse time diffe,..
ences for all the emission analyzers in the exhaust gas sampling system must
be determined. The relative response time differences of the emission
analyzers are uoique to a particular exhaust gas sampling system and operat­
ing conditions. Sampling system line lengths, instrument cell lengths, instru­
ment electronic response times, etc., contribute to differences in relative
response time. The relative response time differences for each analyzer shall be
determined as follows with reference to Fig. 6:
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