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Appendix B3.1

Emissions Measurement Methodology Summary

The major effort in the ORD Fuel and Fuel Additive, Catalyst,
and Mobile Source Emissions Research Programs has involved detailed
characterization of non-regulated gaseous and particulate pollutants
from mobile sources. The effect of fuel composition, fuel additives,
and control devices have been the predominant determinants of interest.
Appendix B2 covered details of the emissions characterization repeats
of the program. Within this appendix, those programs specifically
directed toward development of standardized measurement methods to be
routinely used for the assessment of particulate, sulfate and SO2
emissions from non-catalyst and catalyst equipped vehicles will be
reviewed.



Appendix B3.2
Status Report
ROAP 21BCE
Task 043

Develop Methods for Total Sulfur, Sulfate, and
Other Sulfur Compounds in Particulate Emissions from Mobile Sources

This in-house project is designed to provide the methodology
necessary to analyze the particulate matter collected from mobile
source emissions, The fate of organic sulfur compounds both present
in fuel and added in additive packages has not been fully defined,
While a sulfate method has been developed, other methods are needed
for total sulfur and other inorganic and organic sulfur compounds.
X-ray fluorescence methods are being investigated to measure total
sulfur. Instrumental methods to permit the analysis of sulfuric acid
in addition to the method previously developed may be evaluated. Other
inorganic sulfides, sulfites, as well as organic sulfur compounds, will
be investigated on the basis of probable impact.

Status:

Recruitment is under way and the project should be implemented in
the second quarter of FY75.



Appendix B3.3

Status Report
ROAP 21BCE
Task 042

Adapt Methods for S0p and SO; to
Mobile Source Emissions Measurements

This in-house project will further implement and provide more
definitive efforts to develop methodology applicable to use in mobile
source analyses. Orginally,efforts have provided exploratory methodology
to determine sulfur dioxide concentrations in mobile source emissions,
This effort will be expanded to provide better methods and to correlate
these with other methodology. The need is for real time monitors for
gaseous sulfur emissions which may be used to monitor systems in operation.

Status:

Employment of appropriate manpower is under way and should be
completed shortly allowing activation of this project.



Appendix B3.4

EVALUATION OF THE ADAPTATION TO MOBILE SOURCE SO, AND
SULFATE EMISSIONS MEASUREMENT OF STATIONARY SOURCE

MANUAL METHODS

R.L. Bradow

In recent months a variety of qualification experiments on the
validity of isopropanol-water trapping of SO3 with mobile source
emissions have been reported with widely varient results. 1,2
A group at Chrysler Corporation has reported essentially unqualified
success with EPA method 8> in this application. 1 Ethyl Corporation
workers report erraneous of high sulfate values with doped 50, both
with and without auto exhaust added.2 General Motors has suggested
that use of technical grade isopropyl alcohol at least partially

4 Ford

avoids the problem of SO, trappings in the sulfate bubbler.
raises a number of issues regarding the validity of the method on
a theoretical basis® relying mainly on supporting data furnished
by Walden Corporation in stationary source qualification experiments.6
It is the purpose of this study to examine the procedures used by the
differing research groups in detail and to offer explanations of the
variable results obtained.

In the Chrysler work experiments with single cylinder ASTM
grade isooctane , engines operated on an essentially sulfur-free fuel,

were performad in order to establish the basic validity of IPA-H,0

trapping of sulfates! No apparent sulfate was found with the bacse iso-



octane indicating that positive interferences were not present with

that exhaust. SO0, tank gas in the exhaust pipe, in the sampling in
impingers or in a bag added to the iso-octane exhaust also did not

give any apparent sulfate. Lab bench studies with tank SO, confirmed

no SO, trapping or oxidation. Exhaust from 0.1% sulfur gasoline did
produce apparent sulfate and this was confirmed by gravimetric
determination of the barium precipitate. The results of the gravimetric
method were 75% of those obtained by'ﬁitration to a thorin end point.
Interferences from exhaust system particles and incomplete SO4 trapping
were also checked experimentally and ruled out.

Ethyl corporation also operated a single cylinder engine on
isooctane with tank SO, added to the exhaust and found that 10-14% of
the 50, was retained in the fi;st bubbler and erroneocusly measured
as sulfate. 2 Bench experiments also indicated retention of SO,
measured as sulfate in the first bubbler. This could be partially
eliminated by pre-acidifying the bubblers, with sulfuric acid. However,
since the added sulfuric acid constitutes a high blank, the detection
of trace quantities of sulfate involves determination of a small diff-
erence between two large quantities. Ethyl workers also reported
great variability in engine test results rendering the method

almost unusable.

The Ethyl and Chrysler experiments, therefore, are apparently in

direct conflict. Since the G. M. experiments indicated differing



results with different grades of isopropanol, it is probable that
details of the methodology may account for the observed variations
in qualification test results. Therefore, the methods employed by

Ethyl and Chrysler were examined more closely.

Chrysler Corporation workers used a flowmeter followed by
series of 4 midget impingers containing 15 ml. of 80% isopropyl
alcohol (IPA) - water solution backed by a DuPont model 411 UV
photometric 50, analyzer. Sample was pulled through the train at a
flow rate of 5 liters/min. for 20 to 30 minutes to obtain a sample
of 85 to 120 liters of gas. After sampling the contents,of all four
bubblers was rinsed into a 100cc volunetrics flask with 80% IPA
and a 25cc. aliquot was immediately titrated with 0.01 N BaCljp
solution to a thorin-endpoint. A stainless steel exhaust proble was
used to obtain the sample. Rcpeatable results were found in a wide
variety of experiments.

The Ethyl Corporation group used a standard EPA sampling train
using 100 ml. of 80% IPA in the first Grecenberg-Smith impinger, this
solution plus 2% peroxide in the second and third impingers and a
fourth dry impinger followed by flow monitoring appartus. Flowrates
of 1.5 to 2.5 liters/minute for periods of 1 hour. 1In many of the
experiments an initial quantity of sulfuric acid of 5 to 10 ml. was

added to the first bubbler to suppress SO solubility which otherwise

obscurred the results. Such a practice has been recommended elsewhere.

7,8



After volunetric transfer an aliquot of each of the impinger contents
was titrated with 0.0/N BaClO4 to a thorin end-point. Standing time
for the impinger samples was not controlled and varied from 24 to
48 hours. The solutions were also evaporated to increase the
sulfate concentrations and, thus, the sensitivity of the method.
Cle Clearly, both groups have drastically modified the Federal
Register method in both details of glass ware, sampling and analytical
determination. In order to resolve the source of the apparent
differences an experimental program was instituted to investigate the
influence of some of the variances on the analytical results.
The gxperiments pexformed had as there goals:
1. Establishment of test ;epeatability with engine exhaust.
2. Investigation of possible interference in sulfate
determinations from trapped SO5.
3. Establishment of the influence of analysis variations,
glass ware type, flow rates and trapping solution variatioh

on test results.
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lethod 8 sompling trains were attached to the exhausti pize
of a 5330 CID 1972 Caevrolet engine equipped with an autocnatic
transnission and operated on an -ngine dynanoneter test
stand, The enginec was operated at 30 mph and 32,0 ft-1bs
of torque, corresponding to somewhat greater than rcad load.
Fuels used were the ZPA reiference fuel with 125 ppm sulfur,
that fuel doped to 0.100 wt, $ sulfur with thiophene, and
ASTi] gradc isooctane containing less than 1 ppm sulfur,

The sanmpling trains were attached by means of Swagelok
fittings and a metal ball jecint to a £+ " stainless steel
tube welded into the exhaust pive. Inside the exhaust pipe
the tube made a 90° bend and a 2 " straight section was
faced upstream and ccntered in the pipe., Figure 1 indicates
the location of the bubbler trains.

Bubbler trains were assembled and operated in a manner
as nearly identical as possible with the trains uscd by
Chrysler1 and Ethyla. In addition, a third micro method 8
train, using ball-=joint equipped midget impingers was set up
in a manner recommended by the stationary source group. This
train included a single IPA-water bubbler, onc Hzoa bubbler,
and a dry bubbler.

Methods of analysis included BaCth titration to a
mixed thorin-methylcene bluc end point for the EPA modified
train as per the Federal RegisterB. For the Chrysler and
Ethyl* meodifications workup and analysis procedures those
reported in the literature for those methods were used"a.

In several experiments with isooctane as a fuel a
500 ppn SO2 in Na tan't gas was injected upsiream of the bub-
bler trains throush a second upstrecam~facing probe welded

in the exhaust pipe. Injectior ratoe were controlled to
8



give a final exhaust concentration of 10.0 ppm SOa. The poini
of SO2 injection is also shown in Figure 1.

RESULLTS AY¥D DISCUSSION:

Table 1 sunmmarizes the results obtained with the EPA methcd
using 127 and 1000 ppn wt./wt, sulfur in the EPA reference fuel
and the non-catalyst engine test stand. The overall recovery
of SO, was good, averaging 97.5 % of the charge. The repsata-
bility of the method was also gcod, with a standard deviation
of 1.7 % for 6 runs,

In all the runs there was apparent sulfate ranging from 9
to 37 % of the total SOa.' In experiments with added SO,, ap-
parent sulfate was again detected at about 25 % of the charged
SOa. In the last three runs an attempt vias made to purge
trapped SO2 from the first bubbler by drawing through roonm air
at the sample rate for 10 minutes, Wolden researchers had
previously established that this procedure is helpful in avoid-
ing artifact sulfate analysiss.with stack samples. However,
in these experiments, purge air had no significant effect in
reducing apparent sulfate. Thus, it appears that this pro-
cedure is capable of reproducible results but produces a sulfate
artifact of 15-25 % of the charged 50,.

Samples of the first bubbler contents from runs 13 and 14
were diluted 20:1 with distilled water and analyzed by the West-
Gacke method for sulfite, The purpose of these experiments was
to determine whether the trapped material in those bubblers
would be dissolved SOa. Insignificant amounts of SO2 were
found, Samples of the barium precipitate were centrifuged out
and collected for X~-ray éiffraction analysis, The X-ray dif-
fraction pattern shows conclusiveiy that the material is
barium sulfate, not sulfite. Therefore, it appcars that SO2

analyzed by this mecthod is subject to oxidation of part of the
9



50, TO 5V in tTne sampling process,

Table 2 presents results from the Chrysler procedure, Again,
highly reproducible results were obtained and mean and standard
deviation for sulfur recovery were 92,5% and 2.9% respectively.
A . 1 " \ und, this time at the 1.% level,

In this method four bubblers in series were used at rather
high flow rates for the small size of the train, Apparent sul-
fate in only slightly decreasing amounts was found in each of
the sulfate bubblers pricr to the hydrogen peroxide SO2 trap,
Expressed as a percentage of the apparent suliate collected,
bubbler 1 contained 31,0%, bubbler 2 24,655, bubbler 3 22,5%,
and bubbler 4 21:6% for the average of four runs. In the Chry-
sler experiments the contents of all four bubblers were combined
prior to titration and no information on the relative collection
efficiency of the two bubblers for real sulfate aerosols was
presented‘. On the basis of these tests, either the bubbler
train collects artifact sulfate or it is highly inefficient,
However, EZthyl data suggests that the first bubbler is fairly
efficient for collection of Syqtﬁetic sulfate mistsa. In
those experiments a collection efficiency of about 80% was obe
tained. It, therefore, appears that artifact sulfate is being
formed in each IPA bubbler in the train, It is interesting to
note that the first two bubblers do contain somewhat more sul-
fate than the last two., If the content of the last two bubblers
is taken to be the artifact sulfate contént of the first two,
an approximate value for the real sulfate can be obtained by
difference. Thus, the rcal sulfate would be about 105% of the
‘apparent method 8 sulfate or about 2% of the SO,.- This value
is in good agreement with sulfate values found in non=catalyst

A

cars by air filtration methods.

10



Table 2 also presents attempts to reproduce a Chrysler qualifi-
cation experiment in which SO2 was added to an auto exhaust from
jsooctane which contained no sulfur. According to Chrysler reports,
no apparent sulfate was found. However, in the present study,
apparent sulfate was found in approximately the same proportion as that
obtained from the sulfur-bearing fuel. Clearly this indicates arti-
fact formation occurs with the Chrysler procedure.

Table 3 presents data obtained with the Ethyl method. Data
scatter was poor as Ethyl had previously found.2 Again, apparent
sulfate was found in all experiments including those with isooctane.

In all three procedures, blank experiments were run with the
collecting solutions and with isooctane exhaust to insure that inter-

ferences or contaminants were not biasing results.

CONCLUSION:

Method 8 variants clearly produce apparent sulfate when used in
auto exhaust applications. It appears that this occurs by oxidation
of the SO2 to sulfate, probably in the collection solution. Further
experiments are in progress to elucidate this point and to compare
Method 8, Goksoyr-Ross, and filtration procedures with catalyst-equipped
engines,

It appears that previous Method 8 work on non-catalyst engines

must be seriously in error,

1
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Appendix B3.5
SULFATE MZT 0D CCMPARISON STUDY
CRC APRAC FROJZCT CAPI-8-74
R. L. Bradow

A nunber of researchers active in the catalyst sul=-
fates field are participating in a study of methods of
analysis of sulfate in filter samples, ETCS has prepared
128 filter samples in groups of four, using a 1975 Ford
catalyst prototype and a 1972 Thevrolet wvhich has been con-
tinuously operated on lead-frce fuel, The Ford was operated
on low sulfur, 500 pms, and 2000 pms gasolines to obtain
three levels of sulfate, Low sulfate samples were obtained,
using the Chevrolet on.the low sulfur fuel only. Eight
Eighway Fuel économy tests were run with each condition
giving a total of 32 test runs, Filters were then circu-
lated in groups of twelve td ecach of 8 participating labora-
tories for analysis., 32 sanples were analyzed by EPA by
the barium chloranilate method," and 10 of these were also
analyzed by X-ray fluorescence spectroscopy. Other labs
use thorin titration, barium sulfate gravimetry, st-methyl-
ene blue methods, and a sulfarazo III indicator method,

About half the data is now in, and the balance is ex-
pected vithin-the week, Some time will be required for
statistical analysis, but barium titration methods seem to
give slightly lower results than chloranilate and the HZS-
methylene blue method slightly higher results. X-ray
flu-.rescence proceeds correlate well with sample sulfate
loading up to about LOO .y and then seem to roll off
somevhat, At loadings of 150¢¥d  X=-ray methods appear to
give about 30% low results based on a linear standardéiza-

tion,
17



It is expected that this project wil! have an additional
role to play in conparison of SOa nethods and othrer methods

of test for catalyst-related emissions,
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Appendix B3.6

Determination of Soluble Sulfates in .-CVS

Diluted Exhausts: An Automated Method

The initial report that catalytic converters originally designed
to reduce hydrocarbon, carbon monoxide, and oxides of nitrogen emissions
from late model automobiles also promote conversion of 802 to SO3 or
HZSO4 mist prompted a crash program to find or develop a fast and
sensitive methodology for sulfates applicable to car exhausts.

Although a number of analytical procedures for sulfates are described
in the literature, only a few of these have the sensitivity sufficient
to detect soluble sulfates in auto exhaust samples conveniently
collectible within the time frame of the Federal Test Procedure.

The automated method described in this report is addressed
primarily to the determination of water-soluble sulfates in CVS
diluted exhausts from cars run on nonleaded fuels. The method is
quite general, however, and may be used for trace analysis of sample
sulfates which can be leached out with water or aqueous alcoholic
solutions.

The method, first developed elsewhere (1), is based on the
reaction of sulfate ions with the solid barium salt of chloranilic acid
(2,5 dichloro-3,6~dihydroxy~-p~benzoquinone). The reaction precipitates
out BaSOa and releases highly uv absorbing acid chloranilate ions, the
absorbance of which can be measured with a suitable spectrophotometer

and related to sulfate concentration. The sensitivity of the method i1s
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greatly enhanced by conducting the reaction in a medium less polar than
water, such as ethanol-water or isopropanol-water mixtures, where the
solubilities of both Basoa and barium chloranilate are reduced. The

barium chloranilate method is estimated to have a limiting sensitivity
for SOZ to concentration levels of 0.06 ug/ml (2).

Cations are known to interfere negatively by reacting with the
acid chloranilate to form insoluble salts. This interference is easily
removed by passing the sample through a column of cation exchange resin
in the hydrogen form. Anions such as Cl—, Br-, F-, and POZ_— interfere
by precipitating out as barium salts with subsequent release of acid
chloranilate ions. Some buffer systems are reported to minimize these
anion interferences (3,5). For exhaust samples from cars rum on

nonleaded fuel, ionic interference was observed to be negligible when

filtration on Teflon filters was used as a sample collection technique.
Sampling and Sample Preparation

Sampling methodology involved dilution of the auto exhaust with
air in a dilution tunnel., At the temperature the tunnel is operated,
SO3 reacts readily with the available moisture in the exhaust to form

H2804 mist. The acid aerosols are sampled through isokinetic probes
and collected on 47 mm diameter 1 u pore size Fluoropore* filters at
flow rates of 28.3 liters per minute. The filters are extracted with

10 ml of 60/40 isopropanol/HZO solution (60% IPA) in capped polyethylene

*Registerd trade mark, Obtainable from Millipore Corporation.
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bottles. Extraction 1s accomplished by shaking the filters in the
capped bottles for at least one minute using a vortex test tube mixer
followed by a 10-15 minute soak. The supernatant extract can be
analyzed directly in the automated sulfate instrument without further

treatment.

The Automated Sulfate Instrument

A schematic of the principal components of the automated set-up

is shown in Figure 1. Hardware requirements include:

a. Reservoir (LR) for the solvent mobile phase (60% IPA).

b. High pressure liquid pump (LP) capable of delivering liquids
at flow rates of up to 3 ml/min at pressures as high as 1000
psi. Most liquid pumps used in high pressure liquid chroma-
tography would be satisfactory.

c. Flow or pressure controller (FC).

d. Six-port high pressure switching valve (SV) equipped with
interchangeable external loop (L).

e. Ultraviolet detector (D) equipped with appropriate filters
or monochromator to isolate a narrow band of radiation
centered at 310 nm.

f. Recorder to monitor detector response.

g. Automatic sampler (AS), such as the one used in a Technicon

AutoAnalyzer set-up.
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h. Peristaltic pump (PP), such as a Technicon proportioning
pump, to draw sample into the sampling loop.

i. Cation exchange resin colummn (CX) - standard 1/4" 0.D. x 10"
gas chromatographic stainless steel column packed with
analytical grade Dowex 50W-X2 (100-200 mesh) cation exchange
resin in the hydrogen form.

j. Barium chloranilate column (BC) - standard 1/4" O0,D. x 5"
gas chromotographic stainless steel column packed with barium

chloranilate suitable for sulfate analysis,

The operating principle of the automated instrument may be
briefly described as follows:

Soivent mobile phase (60% IPA) in reservoir (LR) is continuously
fed through cation exchange (CX) and barium chloranilate (BC) columns
at flow rates of about 3 ml/min by a high pressure liquid pump (LP).
Background absorbance 1s continuously measured by a UV detector (D)
at 310 nm and visually monitored in a strip chart recorder. A solenoid
actuated, air operated switching valve (SV) 1s used for filling the
external sampling loop (L) with samples in conjunction with an
automatic sampler (AS) and peristaltic pump (PP) and injecting the
samples into the columns. At CX cations are removed and at BC color
reaction takes place. The BaSO4 precipitate is retained in BC while

the acid chloranilate is carried by the mobile phase through the detector

system for colorimetric measurement.

22



For an automated sampiing system such as shown in Figure 1, both
SV and PP are electrically coupled to AS and controlled by electric
timer relays such that both are activated whenever AS is sampling
(i.e. L is being filled and mobile phase bypasses L). At the end of
the sampling cycle, PP and AS stop and SV switches to the injection
mode (i.e. mobile phase passes through L and carries the sample
through CX and BC columns).

For manual operation, SV may be retained or replaced by a
similar switching valve equipped with an extended handle for manual
switching. Samples may be introduced into the sampling loop by syringe
injection or by peristaltic pump system similar to the one used in the
automated version.

The automatic sampler (AS) used in our system is a Technicon
AutoAnalyzer sampler with turntable capacity of 40 sample cuvettes.
The cam prograummer was replaced by two digital timers to allow

- flexibility in setting cycle times for the sampling-rinse operationms.

Analytical Operation
Before the start of an analytical run, all components are switched
to the operating mode, and SV, AS, and PP are allowed to cycle normally
to clean out all components. During this time the sampling probe is
immersed in a large reservoir of 60Z IPA to prevent introduction of
alr into the system. Analysis of the samples can proceed once a stable
background absorbance is obtained. Sample cuvettes are filled with

sample extracts and blank solutions (60%Z IPA) and then covered with
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thin polyethylene film to prevent evaporation losses. The filled
cuvettes are arranged in the turntable according to the pattern blank,
blank, sample, blank, blank for concentrated samples and blank, sample,
blank for dilute samples. Blanks are used to wash out the system
between samples and minimize sample overlap. Depending on the size

of the sampling loop and the mobile phase flow rate, cycle time can

vary from 2.5 to 6 minutes per sample or blank.

Calculation
A series of sulfuric acid standards in 607 IPA is normally run
in the same manner as the samples, and a calibration curve, peak
height vs. concentration, is plotted. Sample sulfate concentrations
are calculated from the calibration curve, Total soluble sulfates

in the filter [SOZ]F are calc:lated using the relation:

[804]F = (ug SOZ/ml) xV, xd
where: Vo = total volume of original sample extract
d = dilution factor
= 1 1if original sample extract was not diluted
to bring detector response within range of
the calibration curve
Discussion
The solubilities of barium chloranilate and Basob yary with
the isopropanol/water ratio in the mobile phase. A momentary imbalance
in this ratio as a result of injection of a slug of sample or blank

gives a negative background response if the injected slug is richer

in isopropanol than the mobile phase, and a positive responsge if it

24



is richer in water. To minimize this effect, both the extracting
solvent and the mobile phase for the analytical runs should be :aken
from the same stock solution.

In order to determine the maximum absorbance of the acid
chloranilate ions as they elute out of the barium chloranilate
column of the automated system, the colored eluates corresponding to
sulfate concentrations in the range 0 - 30 ug/ml were collected and
scanned in a Cary 14 spectrophotometer. In this concentration range,
peak maximum was observed at 312 nm. This almost coincides with the
310 nm isobestic point (absorbance independent-of pH) reported by
Schafer (3).

For isopropanol-water system, the volume of the mixture is not
equal to the sum of original volumes of the individual components.

In the case of a 60/40 isopropanol/water'mixture:‘volume shrinkage on
mixing is about 2,7%, This volume change should be taken into account
when preparing standards or samples from aqueous solutions,

The working concentration range and sensitivity of the automated
system depend on sample size. A degraded sensitivity better than 0,5
ug SOz per ml in 60%Z IPA was easily obtained using a 0.5 ml external
sampling loop in conjunction with a duPont liquid chromatograph UV
detector. Figure 2 shows a calibration run in the range 0-5 g SOZ/ml
using a 0,5 ml sampling loop with detector sensitivity set at 0,02
absorbance units full scale., The last two peaks, 4048 and 4048,

correspond to exhaust samples from a noncatalyst car. Testing mode was
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the Federal Test Procedure. The calibration curve is non linear with
concentration and becomes flatter at the low concentration end. This
is strongly suggestive of interplay of thermodynamic and kinetic
effects. Similar behavior was likewise observed at the high concen-
tration end.

Table I shows the precision obtained for five repetitive scans
of sulfate standards at concentrations of 1, 2, and 4 ug/ml using a
0.5 ml sampling loop. At this concentration range the standard
deviation is +.05 ug/ml.

Two experiments were conducted to determine the extractability
of sulfuric acid from and absorption in Fluoropore filters. 1In the
first of these, known amounts of sulfuric aicd in 60% IPA were
deposited on the filters and allowed to dry overnight. The filters
were then extracted with 60Z IPA and the extract analyzed for sulfates
after the filters equilibrated with the solution overnight. The second
involved immersion of dry filters in standard solutions of sulfuric
acid and analysis of the solution after overnight equilibration. The
results show that extraction is quantitative and that the filter has
practically no affinity for the solute. These results are summarized
in Tables II and III.

Table IV shows the efficacy of the collection technique for
trapping sulfuric acid aerosols. The aerosols were generated using a
Collison aerosol generator, and then fed into the CVS dilution tumnel
under conditions simulating a test run. The aerosols were collected

through isokinetic probes and collected on Fluoropore filters. The
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back-up glass fiber filters used in these runs did not gain meas: :..le
weights, indicating no significant breakthrough of the coliecteu
particulate from the primary collecting filters.

Figure 3 shows a typical analytical scan of extracts from exhaust
samples from cars run on nonleaded fuel. The first five perks are
sample peaks, while the next six are calibration peaks corresponding
to concentration range 0-6 g SOZ/ml. The last three samples were
diluted tenfold to bring detector response within calibration range.
As a general rule, calibration runs are always made for each series
of samples, as peak height-~concentration relation may change as flow
rate, back pressure, and column permeability vary over an extended
period. This practice may be dispensed with for systems equipped
with integrators.

Table V shows typical results of analysis for soluble sulfates
of nonleaded exhaust samples collected on Fluoropore filters using
the Federal Test Procedure. The low sulfate results correspond to
test runs with noncatalyst cars and the high results to test runs with
catalyst equipped cars.

A few filter samples were analyzed sequentially by x-ray
fluorescence technique and by the barium chloranilate method. The
filters were first analyzed x-ray fluorescence, then extracted with
60Z IPA and analyzed for sulfate in the automated instrument. The
results are summarized in Table VI. Considering the fact that sample
handling techniques were not closely monitored, agreement between the

two methods is er~ouraging.
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Conclusion

The automated method described in this report offers a sensitive

(less than 0.5 ug SO4 per ml), fast (less than four minutes throughput
time from initial sample injection into the column), and convenient
method for the analysis of soluble sulfates in auto exhaust. Sample
preparation is minimal, as this involves only simple extraction with
60% IPA. There are no precipitates to cause deterioration of the

optical cell, as the BaSO, precipitate is effectively retained in

4
the barium chloranilate reactor column. Although primarily addressed
to trace sulfate analysis of auto exhausts from cars run on nonleaded

fuels, the method may be adapted to any sulfate sample which can be

leached out with water or aqueous alcoholic solution.

28



Ta

ble I

Precision of Repetitive Measurements

Peak Height

[80:] in pg/ml

Mean
Standard Deviation

Coefficient of
Variation

(-

1 2
9.7 21.2
9.9 20.4
9.6 21.2
0.2 20.3
8.8 21.2
9.6 20.9
0.5 t 0.5
5.2 2.4
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Table II

Recovery of Deposited gzso on Fluoropore

Filters by Extraction with 60% IPA

Total ugs so: on Filter

Deposited Found
10 10

20 20.5
30 30

40 40.5
50 50
60 60
169 172
338 350
507 494
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Table III

Absorption of sto in 60% IPA Yy Fluoropore Filters

4

Total ugs SO, in Solution

4
.Initial Final
10 10.5
20 20
40 40.8
60 6l.2
200 205
400 392
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Table IV

Collection of Generated H2504 Aerosols

Fed into the CVS Dilution Tunnel

Mass Loading Total SO, on % SO, on

Sample # in ugs Filter in ugs Fil%er
4001-3 956 350 36.6
4002-4 1791 664 37.1
4003-2 1076 390 36.2
4004-1 1323 217 16.4
4005-3 2403 856 35.6
4006-3 296 115 38.8
4007-1 468 197 42.2
4008-2 21181 8438 39.8
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Table V

Typical Results of Sulfate Analysis of Nonleaded
Exhaust Samples Collected on Fluoropore Filters

Mass Loading Total SO, % SO, as %
Sample # in ugs in ugs Mass ﬁoading
4034-1 415 20 4.8
4035-3 271 15.5 5.6
4036-3 252 16.7 6.6
4037-3 151 11 7.3
4038-3 120 10.8 9.0
4039-3 287 10.5 3.3
4076-3 232 84 36.2
4079-3 308 106 34.4
4080-3 430 192 44.6
4084-3 506 241 47.6
4087-3 765 316 41.3
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Soluble Sulfate Analysis:

Table VI

Preliminary Comparison of

X-Ray Fluorescence and Barium Chloranilate Method (BCM)

Total SOZ on Filters in ug

X-Ray Fluorescence

Mass Ratio
Sample # Loading Low Recsolution High Resolution BCM X-Ray/BCM

4006 459 208 - 219 0.950
4007 379 184 - 173 1.064
4014 358 143 - 156 .917
4017 285 37 - 44 .841
4023 390 142 - 113 1.256
4032 1065 296 - 245 1.208
4036 224 - 12.8 9.8 1.306
4038 g4 - 17.0 7.8 2.179
4039 250 - 12.4 9.8 1.265
4050 390 - 18.0 13.7 1.314
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Figure 1

Flow Schematic for Automated Sulfate Instrument

LR - Liquid reservoir

LP - High pressure liquid pump

FC - Flow or pressure controller
P - Pressure monitor

SV - High pressure switching valve
L - External sampling loop

CX - Cation exchange resin column

BC - Barium chloranilate column
D - UV detector

FM - Flow monitor

AS - Automatic sampler

PP - Peristaltic pump
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Figure 2

Sulfate calibration for concentration range 0-5 ug SO,
per ml in 60% IPA. 4048 and 4049 are exhaust samples
from a car not equipped with catalyst.
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ABSTRACT

This report describes work done to characterize gas flow and
particulate flow in a dilution tunnel used in automotive emissions
research. In addition to velocity profiles being graphically
presented, a particulate profile study is also included. A descrip-
tion of some troubles and corrective measures is also reported.
Finally, some qualitative statements, based on rough preliminary
measurements, are reported on the subject of aerosol deposition and

loss to the walls and bends of the engine exhaust pipe of our system.
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I. INTRODUCTION

A series of experiments was conducted on the 18 inch diameter
engine room dilution tube located at the Beaunit facility of EPA-NERC,
Chemistry and Physics Laboratory. These experiments were designed to
determine the velocity profile and aerosol particulate concentration
profile for this dilution tube. 1In addition, some qualitative data on

sulfate aerosol deposition and loss was obtained.

II. VELOCITY PROFILE

The purpose of these experiments was to determine if the velocity
distribution of the tube is conducive to proportional sampling among the
four filters of the probe rake which is placed at the down stream end of
the tube (See Figure 1).

The measurements were made using a Thermo Systems Inc.* model 1054B
anemometer and model 1210-60 hot film sensor. The air flow was produced
by the tube exhaust blower. The sensor was placed approximately two
inches in front of the sampling probes and was moved horizontally and
vertically along lines passing through the tube center. Data was collected
at one inch intervals, with no data taken closer than one inch from the
tube edge (to prevent damage to the sensor). After the initial profile
run, it was determined that some changes were in order and 2 more profiles

were made.

44



Sh

! : J

[
.%
31
-
A 4
b
2
[
°J
=
-

1 ,—-ILEFT BOUNDARY]

' = ¢ 0 CRITICAL
J -
LN @L\) 18 '“lmAM' FLOW VENTURH!
IGHT BOUNDARY|
LEFT—] -
‘BOUNDARY U | _ P 6-In. DIAM.
PLATE ‘ ACCESS - I USOURCE |
EXHAUST
PIPE /

FOUR 1 tn. DIAM,
PROBES j

| Side view of 18-inch dilution tunnel|



The results of each profile are shown on graphs of horizontal
distribution and vertical distribution which .follow this discussion (See
Figures 2, 3, 4, §5). Note that test "A" sﬁows higher flow velocity in
the top left quadrant of the tube, and in general a large fluctuation
across the tube (turbulence was also rather high for this test). This
‘was deemed unsatisfactory and investigation revealed two possible problem
areas:

(1) incomplete filling of air bag filter

(2) large open spaces (located in upper left quadrant) between tube
boundary and flow control baffle.

Test "B'" was conducted with the air bag filter removed and the
baffle sealed to the tube boundary by silicone sealer. This produced a
relatively smooth profile across the tube (turbulence still present, but
reduced somewhat).

Test "C" was performed with a absolute filter of negligible pressure
drop in place of the air bag filter (baffle remains sealed). This again
produced a relatively flat (about 5% fluctuation across tube) profile
with reduced turbulence. We believe this velocity profile to be

satisfactory for aerosol data collection by filtration methods.
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III. AEROSOL FLOW PROFILE

The purpose of this group of experiments is to examine the mass
concentration profile of aerosols carried down the tube by air f1- from
the exhaust blower unit. The information obtained from these e.pc ments
allows us to determine if the aerosol follows the gas flow uniformly
or if it collects in certain areas of the tube cross section .

A model 7300 aerosol generator from Environmental Research Corporation
was used to generate a sulfuric acid mist from a 10% solution of the acid.
The aerosol flow rate was 49 liters per minute which corresponds to a mass
generation rate of approximately 1.04 grams per minute. The mist was
then injected into the dilution tube at the point where the engine exhaust
pipe opens in the tube. As in the velocity profile tests, the dilution
tube exhaust blower created an air flow which carried the aerosol through
the tube. Note that the engine was not operating during any of these tests.

The aerosol was sampled by a one inch diameter stainless steel probe
drawn across the tube horizontally and vertically (passing through the
center). Figures 6 and 7 illustrate the sampling points. &he aerosol
was drawn into the sampling probes by a vacuum flow of one cfm, and was
then collected on teflon fluoropore filters of 47 mm diameter. Each
sampling run lasted 30 minutes.

The results of the experiments are shown in figures 6 and 7. This
data indicates that the aerosol mass concentration profile is relatively

smooth and uniform (at least to the limits of reproducible massing
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accuracy with a microbalance). An independent chemical massing analvsis
performed on the filters confirms this uniformity, and we are convinced
that the aerosol follows the gas flow and will be sampled representaiively
by the four-probe sampling rake at the end of the tube.

To examine the possibility of aerosol loss due to engine exhaust pipe
interception of the mist, the aerosol was injected just inside the exhaust
pipe so that it had to travel through four feet of 2 inch diameter pipe
with one right angle bend. The aerosol was sampled by the four-probe
rake (which is in the center 4 inches of the tube) and collected on 47 mm
fluoropore filters. The results (shown in Table 1 below) indicate,
qualitatively at least, that there could be a 10% to 20% aerosol loss to
the exhaust pipe walls and bend;. Thus, before sulfate studies are
carried out, one should test this loss possibility and make corrections

to data if necessary.

TABLE 1
DIRECT INJECTION: INJECTION INTO EXHAUS1
PROBE # AVERAGE MASS COLLECTED PIPE: AVERAGE MASS
(v grams) COLLECTED
(u_grams)
1 718 592
2 483 422
3 958 764
4 518 468

NOTES: (1) averages taken over three runms.
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ABSTRACT

This report describes the establishment of an exhaust emissions
laboratory where gaseous emissions can be analyzed in accordance
with the 1975 Federal Test Procedure (FTP) and particulate
emissions are conditioned for sampling in dilution tunnels. The
effect of fuel additives, catalysts, and other pertainent variables
on the character of both gaseous and particulate emissions are
examined in this laboratory.

The paper discusses the measures taken on the test stand to
attain simulation of a vehicular engine when operating over a
specified driving cycle. Test equipment, experimental apparatus, data
analyses methods, data reducing methods, and calibration and evaluation
measures of significance are described. The results of a comprehensive
aerosol study on the 18 inch diameter dilution tunnel are provided
vwhich include velocity and concentration profiles and information on

particle deposition within the tunnel.
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SECTION I

INTRODUCTION

PURPOSE

Concern has been leveled at the extent and character of particulate
emissions from internal combustion engines. Much of the work
accomplished to date has dealt primarily with the effect of lead anti-

(1,2) More

knock and lead scavenger additives on exhaust emissions.

recently emphasis has been placed on characterizing particulate emissions

from engines which are equipped with catalysts. The effect of fuel

additives upon these emissions is also in need of investigation.

Therefore, project personnel have endeavored to establish an engine-

dynamometer test facility having a particulate sampling capability.

The particulate sampling function does not interfere in any way with

the ability to sample exhaust gases in accordance with the 1975 Federal

Test Procedure.(3)
Particulate matter exhausted from automobiles is defined as any

material, other than unbound water, which condenses at 90°F into

particles larger than a small molecule, but smaller than 500 microns

in diameter. These emissions are of concern because particulate

matter suspended in air has been designated by EPA as a criteria pollutant

for which ambient air quality standards are required. Compliance with

these standards mandates the development of emission control regulations

vhich eventually may apply to automobiles.

34



SCOPE

In order to compare project findings with results from chassis
dynamometer studies, test stand eng}nes must closely simulate actual
vehicular engine operation. This requirement specifies such things as
test engine type, engine parameter settings, test cycles, and mechanisms for
properly loading the engine. In short, locads and speeds of the test
stand engine must follow as closely as possible those of that engine
when operated in a vehicle over an identical test cycle. The extent
to which simulation is being carried out should be determined once
the set up becomes operational.

Design and development of a particulate sampling apparatus is
required. Representative samples must be collected in a form which
can be readily analyzed for composition and weight. The sampling
system must be evaluated to determine the extent to which a represen-
tative sample is being collected.

The flexibility of being able to examine different engines, test
cycles, catalysts, and fuels and fuel additives is necessary. Operation
of the Constant Volume Samplers at various dilution ratios is also
necessary.

All system variables of ordinary interest should be either
continucusly monitored or easily obtainable. For this purpose a
comprehensive temperature measuring, indicating, and recording system
is nccessary. Also, such things as engine and dynamometer torque,
sample flowrates, etc., should be displayed on gauge boards or console
indicators.

Two independent gasoline engine-dynamometer systems are required
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to provide sufficient experimental data consistent with project goals.
Both engines should be capable of simultaneous, continuous, and automatic
operation. This requirement is imperative for mileage accumulation pur-
poses.

A data reduction system must be developed to reduce emissions
information. This system must be easily accessible and capable of
yielding rapid results. Emissions of hyd#ocarbons, carbon monoxide,
and nitrogen oxides must be reduced to units of grams per mile in accordance

with the 1975 Federal Test Procedure.
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PROJECT OUTLINE

DESIGN AND CONSTRUCTION PHASE

The design and construction phases of the test facility includsu

the installation and, in some cases, design and calibration of the

following:

.1. an engine dynamometer bedplate,

2. two eddy current dynamometers,

3. two engines,

4. two dilution tunnels,

5. two constant volume sampler (CVS) systems,

6. particulate sample probe rakes and filter holders,
7. engine transmission to dynamometer couplings,
8. 1lube o0il and fresh water cooling systems,

9. flywheel inertia weights,

10. temperature indicating and logging system,
11. programmable cycle driver.

Replacement of various outdated dynamometer indicating and control

instrumentation was also accomplished in the design work.

Design of the dilution tunnels and associated sampling equipment

is of vital importance to the validity of the experiments at hand. Figure

1 shows a schematic of the dilution tunnel geometry for one test engine

set up; Fig. 2 shows the other tunnel. For ease in future identification

of these two systems, the 4 inch and the 18 inch diameter tunnels will

hercafter be referred to in connection with X system and Y system,

respectively.



_.00 ‘rrg“.w;ﬂt = ﬂ..,va.c. c.lnlm., L - .u 3 .acml.r!wﬂ#ﬂk.\,-.}
- < remm = TR et b Srie o | ~gre-
2 ' Wi .;.v, | e e

A } 4

R e B

!

= :
i A
P R |
e e s e mracear
: ) Py
R s Lo S S

A i T

O 5 mnll.l

v b .
FeeETt v = =t = e e -

S SRS . PO TN i = e
[] : i . T toy
T SRR TN A i W ST W
v 8 . W, m | e [
e L Rl e Tt b e e
T — ey — —— Il.’lll(’wlv.l —_——

O e P R
? . N, .

PRy R RL Iy VO RS P et e % ) [RGIELITRE R o o s ¥ — b e .
: T

B el L

t i
l-llln,.dl.lcll.il e e e wmg ——— ——— e —— — e e = ——— i e G o = - — i —— e s
- - — - — Y ————— — -

~ p 2 .
w..i..lufl.r\tolvn...f o Ty o ey N S P T
. priss oo ¢

s g s ? L SR

H L ' m

o fon S vy 7 g A ¢ o - - i

v.l41¢006.x|1.||.l\£l||.|.yl,
. L '
B e e

A e A A _coelalhe ms e s PERSSLIUE. WP T D S
g

) ‘ . , .
B it il S —— ——— — . bt cm— - e e e e — -

!
|
'
'
i ' ‘- i ' - . .
eem e e T R e e B e T & e s

! 4 — v | { "' . . .
e e T ..|L.,n e I.l-_ﬂhlleln*.lv.l - |.|‘....!l|.l‘ (U] Irl..r.lah.'mollb e oo ek 3
g . T N St i : i %

. W
! 1

¢ o o = o e o e ¢ ———ee 6 o e o e : S
; R s Iy : : ) oW A g :
. e e e s e—— — - . - —— - e . - PR T Se— —— — et ——— ——— - - ——— — ———— ————— - — —— - e mw i m wm w
8 i : A '
R A P T L I T S —— e . e e e .vl»lll-l‘l»nl.—‘! o e e e e e et e e =
}),’ s ' 1 ) ¢ iy & L [} =% .
o e W - o o, oy i B e s o st v i [ § G, e e Eal ealiie i SR
o i ' : i [ i : 1 ! : ~ H
T Tty SRR | Nt enee S S G ISR S Y I SRS [ NSRS Ay S | Ry E PR S

- [} . H 3 . ’
e s iy v i TSR I | T Sombeiean 0 4 At e

. - U SSESNE R PR - -, o s s s s mgms ee e pel e m—— .-ll_c.‘ ——t e ,vlrlol:..blnlln‘ e e e e I.ml Ry am S = R | -
. :
: ) < 4 s e \
T e T sl L.JoLlwal LA By AT, S PR AP, e RO
e Ty S L Ty
. > ; " 2
. N .- s e o aflon 8 olpgretiin i S i M G AR RN S S B

iy - i 4 e s, s B i), ¥ v N o sk s o g e s o 1 3 ot s

.fw...l.. & o e S & 4 oa® e e . i S e i e s, A A e N s s, i s g R g

O -
D s aReRge & = & Ses sienngar g { . G o . T s e < 4 i g R SRR

- —es, - ——— - _— - e . — - e -

- = - S P B — PSR m - - = —n el v v i -
s - — B e e <= - —_———— - e g 1 Ay e i e -
W o —— :
Ty & = - s v s o Y g 2 b i, i i g 5 e Slis e Sy S . -
: - - - e ey e - - e e kI USRS - PR -
- .
@ - IS s FRE. A S~ B il o il i il i e i s g S s S & L W -
I
— — — - - - e - - — —— . —— e — — - —— - — - — —— — — — - — —
1
- e ceeie - - —_— - - - —— - —— -~ L



69

4 1t.l
‘——‘_ZTt_-lﬁ e l

o
-~
J

LEFT BOUNDARY!'

0 CRITICAL |
! FLOW VENTURI

IGHT BOUNDARY'

-?, Y i18 in. DIAM.]
W O i

6-in. DIAM.

{BOUNDARY
ACCESS I ]
{ABSOLUTE l EXHAUST .SOURCE
IFILTER PIPE I :
|FOUR1 in. DIAM,
{PROBES

F.z 2 |Side view of 18-inch dilution tunnel]



EVALUATION PHASE

Test stand engine operation and the dilution tunnel required
evaluation for qualification purposes. The following evaluation
procedures were conducted:

1. The test stand engine speed-manifold vacuum traces and exhaust

gas emissions were compared with those of the vehicle on the

chassis dynamometer.

2. Gas velocity and particle concentration profiles were examined
inside the 18 inch dilution tunnel.

3. The extent of particle deposition was examined in both dilution
tunnels.

CONSTRUCTION AND DESIGN PHASE

General Layout

The plan drawing in Fig. 3 shows two principal areas wherein the
project is concentrated--the engine-dynamometer room and the analysis-
control room.

The engine-dynamometer area contains two gasoline engine-dynamometer
combinations, two dilution tunnels, two constant volume samplers, and,
eventually, a diesel test stand and particulate sampler.

To achieve good sampling results, both temperature and humidity
control are necessary. Ten tons of air conditioning is available to
the project area for this purpose. Temperature in the engine-dynamometer
room are controlled to about 72°F and humidities are maintained below
65%.

The analysis control room contains three engine dynamometer consoles,
two cycle programmers, a NO-NO, chemiluminescent analyzer, one NDIR CO,

and two NDIR CO analyzers, one FID hydrocarbon analyzer, and an
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automatically sequencing three bag sampling system. Windows
between the control and engine rooms permit closed door operation
with all personnel stationed in the control area.

Engine-Dynamometer Stands

Initial construction began with the installation of a 20 ton,

5 ft. by 20 ft. steel bedplate. The bedplate rests on a 10-inch thick
reinforced concrete floor. Holes have been drilled into the concrete
and anchor bolts are used to secure the bedplate in place. Isopads
between the bedplate and floor are arranged to effectively isolate

any bedplate vibrations generated during engine operation. The engines
and dynamometers are oriented on the bedplate as shown in Fig. 4.

Both engines may be operated independently, however, when run simultan-
eously, gas emissinns from cnly one engine can be sampled at any one
time.

The engines are 1972 model, 350 CID, Chevrolet Impalas. Both are
equipped with 2-barrel Rochester carburetors and 350 turbohydramatic
transmissions. These engines and transmissions are identical to those
installed in the Chevrolet test vehicles at this facility. Engine oil
and water are cooled in heat exchangers which are plumbed into the
building water system. Water thermostat valves on the engines have been
retained and are set to maintain water temperature below 195°F.
Transmission oil is cooled in a fin type, air cooled, heat exchanger

with a 12 volt automobile air conditioning fan.
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A 55 gallon drum located outside the building for safety reasons
supplies fuel to the engines. Fuel additives can be added, mixed,
and set into place on the supply line within minutes. This arrangement,
however, has precluded the use of fuel evaporative cannisters.

The engine-dynamometers are dry gap, eddy current types
manufactured by Eaton Dynamatic. Both are absorption rated at 175 hp.
Dynamometer cooling water temperature, rpm, current excitation level,
and torque are displayed on console guages located in the control room.

The dynamometer controls apply loads to the engine by controlling
excitation current to the dynamometer in accordance with two different
modes:

1. Speed Control: The excitation current is varied as necessary

to hold the engine at a selected speed providing, of course, the

throttle is sufficiently opened.

2. Current Control: The excitation current is held constant while

the speed is allowed to vary with throttle position.

These modes may be selected either manually or automatically
during operation. For example, the dynamometer controls are programmed
to automatically switch to the speed control mode when braking the
engine during periods of rapid deceleration.

Engine Control Features

Each engine has been equipped with a throttle control actuator
which is part of the closed loop servo system designed to control engine
throttle from a program source. The engine-throttle-actuator system

is set up to control the servo loop around speed by utilizing a rate and
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value feedback from the engine. On the Y engine an additional rate
feedback is obtained from a manifold vacuum transducer for stabilization
purposes.

Each engine is inertially loaded by utilizing a flywheel which is
keyed to the dynamometer shaft. The total inertia load on the enyine
is calculated as a composite of the dynamometer rotor, couplings, and
flywheel inertia weights. This is 306 and 508 units for X and Y systems,
respectively. The required inertia lcading based on a vehicle weight
of 4500 1b. is 793.4 units. This inertia deficit has been compensated
for in the Y engine system by programming loads into the dynamometer
during periods of acceleration. Unfortunately, with an eddy current
dynamometer there is no way of putting energy back into the engine,
therefore, coast-down decelerations with the installed system tend to
be higher than normal. This tendency is illustrated in Figure =
wherein a comparison between coast-downs of the vehicle and X engine

are compared. Although the disparity between these results is obvious,

from an emission standpoint the error induced because of this is probably

negligible when operating over the EPA Urban Driving Schedule.
Engine Calibrations

Various steps were performed in order to simulate actual vehicular
operation. Carburetors were adjusted to attain the proper air-fuel
mixtures by measuring exhaust gas content until it reached 0.5% CO and
2.5% Oy levels (slightly lean of stoichiometric during idle). The
programable inertia load was adjusted until a wide open throttle (WOT)
acreleration from 0 to 50 mph in 8.0 seconds was recorded. This

corresponded with the WOT acceleration on the vehicle. Excitation to
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the engine dynamometers was adjusted such that the 50 mph level ro i
load corresponded with that of the vehicular engine on the chassis
dynamometer. Manifold vacuums were used in matching engine load-

The excitation necessary to match level road loads at speeds other

than 50 mph approximated closely the 9 percent level required at 50 mph
(see Fig. 6). Therefore, an excitation of 9 per cent is set into the
@ynamometer during steady cruise periods when the dynamometer is in
current control mode.

Dilution Tunnels and Constant Volume Samplers

Both engines exhaust into dilution tunnels. The dilution tunnels
and their associated sampling equipment are fabricated from stainless
steel. The X system tunnel was designed by Esso Research and Engineering

(4)

Company to measure vehicle particulate emissions. The Y system

tunnel, although designed by project personnel, is similar to a 16 inch
tunnel which was developed by The Dow Chemical Company. (3)
For sampling particulate matter, the Y system tunnel has a four
probe rake and the X system tunnel has a two probe rake. All probes are
made from a one inch diameter stainless steel tubing. Each probe is
connected to a vacuum source through a 47mm filter holder, a flowmeter,
and a regulating valve. Flowrates are maintained at 1 ACFM throughout
a test.
The 4 inch diameter tunnel (X system) is connected to a CVS which
utilizes a roots blower as the constant volume source. The 18 inch

diamcter tunnel (Y system) utilizes a critical flow venturi as its

constant volume source. Flowrates in both systems (see Figs. T and 3)
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can be varied by changing either drive belt pulley diameters in the X
system or venturi sizes in the Y system. Once the system is set, total
gas flowrate through the tunnels is determined by inducing a known
quantity of propane into the system over a given period of time. The
‘concentrations of propane in dilution air are determined using FID

analyzer on a bag sample. Actual flowrate, Q, is calculated by the

formula:
Q = (M) (22.4) (35.315) (3073
(t) (c/106) (44.1)
M = mass in grams of propane injected
t = time in seconds over which test is carried out
¢ = concentration of propane in ppm

constants = 22.4 1/mole
35.315 ft3
n3
44.1 g/mole C3 H
10-3 m3/1

8

Flowrates for the X system and Y system are 342 and 432 ACFM,
respectively. Since the Y system employs a critical flow venturi as its
method of maintaining a constant flowrate, the actual flowrate will vary
slightly with pressure and temperature changes according to the relation-
ship:
ce// T

= pressure at the venturi entrance

temperature at the venturi entrance
constant

O AN
|

Because pressure changes in the installed system do not vary
significantly during operation, only temperature changes require monitoring
in order to correctly determine actual venturi flowrates. This function
is fulfilled by temperature indicating system. Temperatures at the

inlet to the roots blower on the X system CVS are likewise monitored. In
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both systems the temperatures are used to correct actual flowrates to

standard values when calculating exhaust emissions.

Emission Analysis and Reduction

Both gaseous and particulate emission information is sought.
Gaseous emissions are reported in accordance with the 1975 FTP.
In addition, levels of fifty-five (55) individual hydrocarbons are
measured using gas chromatographic techniques almost identical to

those reported by Dimitriades and Seizinger (6). Energy dispersive

x-ray fluorescence spectroscopy 7 is used to perform trace metal
analysis on particulate matter. Particulates are also catalogued
using a scanning electron microscope. S0, is determined by an

(8 and sulfate analysis

adaptation of the method of West and Gaeke

are conducted using an automated colorimetric procedure involving

the reaction of sulfate ions with the solid barium salt of chloranilic

acid.(g)
Presently, data reduction for gaseous emissions is accomplished

through a PDP-12 computer. Programs to compute emissions of hydrocarbons,

CO , and NO, in grams per mile, and fuel economy in miles per gallon,

are stored on magnetic tape. Two of these programs in FOCAL-12

language are listed in Appendix A.

EVALUATION PHASE

Evaluation of the engine dynamometer set up was conducted to determine
how closely the engines were simulating actual engine operation in a
vehicle. An experimental program was also developed to evaluate the
velocity and particle concentration profile in the plane of the sample

probe inlets.
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Engine manifold vacuum traces were recorded over the EPA Urban
Driving Schedule (LA 4-5-3). The records for both test stand engines
and the vehicular engine are shown in Figs. 9-i]. X system engine
displays consistently higher manifold vacuums when compared with the
other two engines. Comparison between the Y system engine and the
vehicular engine is good and indicated that both of these engines
are experiencing approximately equal loads. Prior to recording all
traces, engine manifold vacuums were observed equal under steady state
50 mph cruise conditions. Therefore, the differences seen in the traces
are due primarily to the differences in inertia loadings. X system
engine's high overall manifold vacuum is easily explained by citing its
undersized flywheel for which compensation has not yet been made.

Other expected differences appear when comparing exhaust emissions
reported over the EPA Urban Driving Schedule. Emissions are shown in
Figure 12. The X system engine exhausts consistently lower NO,
emissions because it is experiencing lower combustion temperatures.
Again the cause is the lower inertia loading experienced by the engine
during acceleration.

Both velocity and particle concentration profiles were determined
in the probe plane of the 18 inch dilution tunnel. Actual determination
of profiles for the 4 inch tunnel is physically complicated by the
small tunnel diameter, however, a strong theoretical argument supporting
the contention that uniform profiles exist in the cross section of the
tunnel has been developed by Esso Research.(4) Although sample flowrates
at both tunnels was maintained at 1 CFM; only in the Y system can this

be said to approximate an isokinetic condition for obvious reasons.
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Because exhaust gas particles are generally below 3 microns,
their behavior is much like that of a gas. For this reason the
importance of sampling isokinetically becomes somewhat academic.
Velocity profiles were determinea both horizontally and vertically
while traversing with a thin film anemometer. Initially, traverses
were performed with bag-type filters upstream of the tunnel. Profiles
constructed for these runs indicated a non-uniform velocity situation
and, therefore, absolute filters were substituted in their place.
Traverses with and without the absolute filter upstream of the
dilution tunnel resulted in the rather uniform profiles shown in Fig.13-i4
Concentration profiles were established using a sample probe and
fluoropore filter to sample particles generated by a Collison particle
generator. A 10 percent solution of sulfuric acid was dispersed by
the generator as an aerosol having a particle size
range from 0.03 to 3 microns. A 1 inch sample probe was traversed
and particles sampled through the probe were collected on a teflon
fluoropore filter. Each traverse point was sampled for 30 minutes
and the sample flowrate was held at 1 CFM. Following collection, the
filter weight was determined both by weighing and by wet chemical
analysis of sto4 content on the filters. Both determinations agreed
reasonably well. The horizontal and vertical concentration profiles
are shown in Figs./S-14 . The profiles indicate that particles are

ancl

well mixedAevenly distributed in the plane of the probe rake.
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Particle deposition studies were performed on the 4 inch
dilution tunnel, but not performed on the Y system, 18 inch tunnel
because such studies had been previously conducted on an identical tunnel.
In both cases the results were determined as follows:

1. The engine was operated over a specified number of cold
start LA-4-5-3 cycles.

2. Particulate samples were taken and the total particulate
emission was calculated.

3. The tunnels were washed with dichloromethane.
4. The wash was evaporated and the residue weighed.
5. Percent deposition was determined.
The results had indicated a 3 percent deposition of particulate in
o

the 18 inch tunnel as compared withAS.Q percent value in the

4 inch tunnel.

The 5.9 percent level in the 4 inch tunnel compares with a value
of less than 1 percent found by Esso.(4) Since actual engine exhaust
was used in the EPA study as opposed to the monodesperse aerosol
(3.5 micron diameter) generated in the Esso study, the smaller,
warmer exhaust particles were probably subjected more by the influence

of thermophoretic forces resulting ultimately in a greater deposition

upon the cold tunnel surfaces.
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SECTION II

CONCLUSIONS

Reascnably good simulation of actual wehicular engine operation

has been achieved in the case of the Y system engine-dynamometer set up.

The X system does not adeguately simulate vehicular engine operation

but it does yield repeatable results.

The 18 inch dilution tunnel is capable of representatively sampling

particulate emissions from gasoline engines.

The emission of hydrocarbons, ~arbon monoxide, carbon dioxide, and

nitrogen oxide can be accurately determined from both X and Y

systems in accordance with the 1975 Federal Test Procedure.
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SECTION IIIX

RECOMMENDATIONS

1. One of the reference test vehicles should be equipped with

a drive shaft torque meter. This would enable the measurement and
recording of instantaneous values of torque and engine rpm versus
time, hence, accurate speed-load curves could be generated for com-

parison with those on the engine-dynamometer test stand.

2. In order to reasonably simulate vehicular engine operation, the
X system engine-dynamometer set-up should be inertia compensated. A
means should be implemented for inertially loading the engine such
that speed-load curves correspond with those of the vehicular engine
when driven over identical cycles.

3. The 4 inch diameter dilution tunnel should be operated on the Y
system engine to compare particle collection data with the 18 inch
tunnel. Such experiments would hopefully indicate the effects, if
any, of sampling non-isokinetically.

4. Instrumentation should be installed to enable modal analysis

of both gaseous and particulate emissions. A better understanding
of the relationship between engine mode of operation and the resulting
character of pollutant emissions is needed to better predict

atmospheric quality as a consequence of emission control measures.
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APPENDIX A ~ Program Listings
Programs for reducing data are written using FOCAL-12 language on a

PDP-12 computer. Two of the programs, one for reducing gaseous

emission data from Y engine and the other for computing fuel

economy on the X engine, are listed below.
l. Program to reduce gaseous emission data obtained during an EPA

Urban Driving Sehedule:

L LeYENCL,1
X
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2. Program to calculate fuel economy in miles per gallon:

L
g

Ly YIENE=]0, ]
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{Jl e 49
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0=/ 1Y 242
PU=20287CCaHka ORI+ (YN ke 42II+C D) ka2 T3))
TeMHOC= P, Sy VST 2, CU=( PV, N !
EY ARV AR VAP B S L LY D} LU
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The variables listed in both programs are identified as follows:

o 0wy
!

2

E3

AA
G,G2,G3

= relative humidity, %

saturated vapor pressure of water, mm. of Hg.
barometric pressure, mm of Hg.
sample inlet pressure, mm of Hg.
time for bag 1, sec.

time for bag 2, sec.

time for bag 3, sec.

temperature at inlet to venturi, °R

concentration of COs in bag 1, bag2, bag 3, respectively; ppm

U,U2,U3 = concentration of CO in bag 1, bag 2, bag 3, respectively, ppm
P = background concentration of CO, ppm

0,02,03 = concentration of HC in bag 1, bag 2, bag 3, respectively, ppm
R = background concentration of HC, ppm.

$,52,53 - concentration of NO, in bag 1, bag 2, bag 3, respectively, ppm
T = background concentration of NOy, ppm
XX = background level of COy, %
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Appendix B3.9
Status Report
ROAP 26AAE
Task 007

Protocol to Characterize Gasequs Emissions
as a Function of Fuel and Additive Composition - Prototype Vehicles

This task was begun as a protocol development project at the Bureau
of Mines, After completion of the basic program, it appeared that addi-
tional work was needed to respond to the non-regulated emissions milestones
of January 1, 1975. Consequently, a new contract program was begun at
Southwest Research Institute to determine fuel additive protocol test
procedures for PNA, sulfur and nitrogen compounds, and such other species
which may be of health effects interest as the in-house program proceeds.
Future work will evaluate the control system performance protocol as well
as performing tests on non-catalytic prototype engines.

Status:

Two water-brake dynamometers and control systems have been set up
and 350 CID Chevy engines have been mounted and broken in. Test
methods for active hydrocarbons, aldehydes, COS, H2S, SO2, SO3, phosphine,
PNA, nitrosamines, ammonia, and phenols have been set up and calibrated.
Mileage accum-lation tests on the base fuel are in progress. Two other
fuels, a high aromatics fuel, and the base fuel containing a full additive
package trace levels of TEL and high sulfur will be run. It is antici-
pated that this program will be completed by late fall.
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Appendix B3.10

Status Report
ROAP 26AAE
Task 009

Protocol to Characterize Particulate Emissions
as a Function of Fuel and Additive Composition

Concept :

Again the concept associated with this task was to rely on a sub-
stantial contract effort at Dow to develop a standardized test method
for particulate measurement. The rather small in-house effort was
designed to validate Dow procedures and to extend sulfate characteriza-
tion data to a variety of catalytic and non-catalytic prototype automobiles.

The Dow studies on Chevrolet vehicles and engines produced highly
variable data. A statistical analysis of the Dow in-house particulate
data is in progress in order to establish control levels for a draft protocol
in progress.

The in-house work involved careful qualification testing of particulate
sampling devices to establish their reliability with both sulfuric acid and
organic aerosols. A paper on the EPA CVS-compatible system was presented at
the NIEHS Symposium in April and a recent report on results with Exxon and
EPA systems is included within Appendix B3. A report on non-catalyst and
catalyst systems including determination of fuel sulfur level effects was
prepared for submission as SAE paper 740528. Both monolithic and pelletted
catalysts have now been studied in some detail.
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Appendix B3.11
SOUTHWEST RESEARCH INSTITUTE

8500 CULEBRA ROAD <+ POST OFFICE DRAWER 28510 *« SAN ANTONIO, TEXAS 78284

August 10, 1974

TO: Dr. Ronald Bradow, Project Officer
Environmental Protection Agency
Research Triangle Park, North Carolina 27711

FROM: Charles T. Hare and Karl J. Springer
Department of Emissions Research
Southwest Research Institute
8500 Culebra Road
San Antonio, Texas 78284

SUBJECT: Interim Report on Phase I and Monthly Progress Report
No. 13 for the period July 1 to July 31, 1974; Contract
No. 68-02-1230, "Development of a Methodology for
Determination of the Effects of Diesel Fuel and Fuel
Additives on Particulate Emissions," SwRI Project
No. 11-3718,

PREPARED
FOR: Environmental Protection Agency
Research Triangle Park, North Carolina 27711
Introduction

The purpose of this project is to develop and demonstrate a test
procedure suitable for characterizing the effects of diesel fuels and fuel
additives on particulate emissions from automotive (truck and bus) diesels.
The scope of this work includes construction and use of a dilution tunnel
for diesel exhaust, use of a variety of particulate sampling devices and
techniques, and application of a wide range of chemical analyses to diesel
particulate. This report covers the test protocol which has been developed
to meet project objectives, including all assumptions and calculation tech-
niques.,

Conclusions and Final Results for Phase I

The Phase I effort, by agreement with the Project Officer, included:
the development and construction of all necessary items of equipment; de-
velopment of all necessary test and data reduction procedures; development
of chemical analysis procedures for dimethylnitrosamine and phenols; and
demonstration of the entire system protocol using one engine (Detroit Diesel

SAN ANTONIO, HOUSTON, CORPUS CHRISTI, TEXAS, ANDWASHINGTON, D.C.

178 ' 91




6L-71T) and one fuel (B, or emissions test No, 2 diesel). This scope
of tasks under Phase I is that required under the contract except for
the number fuels involved, but it was agreed that demonstration on
one fuel would be sufficient to meet contract objectives.

A, Specification, Procurement, and Assembly of Equipment

The dilution tunnel itself was constructed of 3. 18mm (1/8 inch)
stainless steel sheet rolled into a tube of 273mm (17.7 in) inside dia-
meter. It was made in two sections, eacl. 2.44mm (8 ft) long, with
flanged connections at the mid-point and at both ends. The tunnel is
shown in Figure 1, along with: the dilution air cleanup filters (extreme
left); the upper end of the high-volume sampling system (extreme right);
the exhaust muffler and transfer pipe (below tunnel left of center); and the
engine air intake system (vertical duct at left). The amount of exhaust
flowing into the dilution tunnel is controlled in two ways. First, in addi-
tion to the small vertical transfer tube leading from the muffler to the
tunnel, the muffler has two other (larger) outlets with gate valves to con-
trol flow through them. Closing the valves forces more sample into the
dilution tunnel, and vice versa., As a second control parameter, the
diameter of the perforated tube (inserted into the muffler) through which
exhaust must pass to enter the (nominal) 3 inch O, D, transfer tube was
varied to arrive at best maximum and minimum flowrates, The best dia-
meter was found to be (nominal) 1 1/4 inch O.D. tubing. A sketch of the
dilution tunnel is given as Appendix page A-2, including the internal de-
tails and critical dimensions,

Figure 2 is a detailed view of the adaptations made to the (nominal)
4-inch sampling system originally specified, including the tapered inlet
(reduces cross-sectional area by about 33 percent) and the transition
made to a (nominal) 8-inch by 10-inch high volume sampling system. This
system originally had a 108mm (4. 25 in) diameter inlet and used 102mm
round filters. Flow through the high-volume system is set and measured
by a calibrated orifice mounted in a '"tailpipe' affixed to the blower ex-
haust,

The other sampling system used on the diluted tunnel flows is a set
of four smaller units which are operated simultaneously., Figure 3 shows
the portion of this system which is inside the tunnel when in operation,
consisting of four probes mounted near the tunnel centerline. These probes
have a nominal inside diameter of 12, 7Tmm (0.5 inch) at the tip, and the
stainless ducts are standard l-inch O, D, tubing. A sketch of a probe is
included as Appendix page A-3, In operation, the probe system is mounted
as shown in Figure 4, with a 47mm stainless steel filter holder on each
"arm'. Flows through the four-probe system (or ''4 x 47" system) are set
and measured by the instruments shown in Figure 5. The four flowmeters
are used to maintain isokinetic sample rates, and the total flow through
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Figure 1. Diesel particulate dilution tunnel

Figure 2. Modified 4-inch sampling Figure 3. 4 x 47mm probe
system system
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Figure 4. 4 x 47mm probe system Figure 5. Flowmeters and dry gas meters
mounted in tunnel used with 4 x 47mm sampling system

Figure 6, ERC sampler
and peripheral equipment
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each system for a given test is measured by one of the dry gas (totalizing)
meters.

In addition to the tunnel techniques, particulate is collected during
some runs by a diluter-sampler developed under a separate EPA contract,
This "ERC sampler' is shown in Figure 6 (center), along with the sampling
pumps, flowmeters, and dry gas meter (left) which are necessary to its
operation. The particulate sample is actually collected in the 47mm filter
holder below the ERC unit, and the exhaust sample for the ERC is extracted
from the exhaust pipe just upstream of the muffler as shown in Figure 7
(connector in bend of elbow is probe insertion point), The sample probe
used for the ERC unit has a tip inside diameter of 5.09mm (0.2005 in) and
most of the fabricated sample line is (nominal) 1/2 inch O.D, stainless
tubing. A sketch of the probe is included as Appendix page A-4. A section
of (nominal)l/4 inch O, D, stainless tubing 152mm (6 in) long was inserted
between the 1/2 inch line and the ERC . (nominal) 5/8 inch diameter sample
line to decrease sample flow somewhat,

Two other techniques are being used to evaluate particulate emis-
sions from the engines under test, and they are both qualitative from the
particulate mass standpoint, These techniques are the Federal (PHS)
smokemeter, and the Bosch EFAW sampling/spot reading system, Figure
8 shows these techniques being applied back-to-back, with the Bosch
sampling probe inserted into the pipe and the PHS optical unit in position
on the end of the pipe. The PHS meter reads smoke plume opacity (re-
motely), and the Bosch system employs a reflective reading from a fil-
ter through which a standard volume of exhaust is drawn to place a value
on smoke intensity, The PHS meter is the standard tool used to certify
diesel engines in the United States for smoke performance, and the Bosch
unit is widely used in engineering test and evaluation.

Up to this point, the engine used for testing and developmentiwork
has been a Detroit Diesel-Allison 6 L-71T unit, shown in Figure 9 as set
up for operation in the test cell. The other engine to be used in the pro-
gram is a Cummins NTC-290, to be tested after all six fuel configurations
have been tried on the Detroit Diesel, A limited amount of testing has also
been performed using two diesel-powered automobiles, an Opel and a
Nissan. Figures 10 and 11 are two views of the experimental setup used
for these light-duty vehicles, with a long exhaust pipe extension (insulated)
to reach the dilution tunnel. Any regularly-scheduled test program on
light-duty vehicles would probably utilize a tunnel mounted near the dyna-
mometer rather than the existing tunnel, since the existing one is really
intended only for bare engine usage.

The other major items of equipment needed for this test program

are a microgram-sensitivity balance and a temperatu: e- and humidity-
controlled environment to house it, The system constructed for this
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Figure 7. Direct exhaust sampling Figure 8, Federal (PHS) smokemeter
point for ERC sampler optical unit and sample acquisition for
Bosch EFAW unit

Figure 9. Detroit Diesel 6 L-71T
in test cell
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Figure 10. Exhaust duct used for tests Figure 11. Exhaust duct used for tests
on Opel and Nissan diesel autos - on Opel and Nissan diesel autos -
first view second view

Figure 12, Humidity- and temperature-controlled
chamber housing microbalance used for gravimetric work
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project is shown in Figure 12, and it has yielded excellent results. The
humidity control system consists of a large insulated spray chamber/

water tank/chilling unit through which all intake air is drawn, and a reheat

coil at the chamber outlet to control temperature within £ 1°C., Absolute
humidity has been observed to vary only slightly as the chilling unit cycles,

on the order of 0,05% water vapor in the air. All air entering the chamber

has been filtered twice by MSA Ultra-Aire systems, and the air is not recycled.

B. Selection and Procurement of Test Fuels and Additives

In order to fulfill contract objectives, it was desired to employ
a variety of fuels and additives in evaluating the test protocol. Variation
was considered necessary in fuel boiling range, sulfur content, and hydro-
carbon type composition (paraffins, olefins, aromatics). The specifica-
tions finally agreed upon are given on page B-2 of the Appendix, and the
properties of the fuels as received are given on page B-3. Fuel A (EM-
197-F) is similar to a No. 1 kerosene fuel such as might be used in a
municipal bus fleet, It has a rather low boiling range and density, about
10% aromatic hydrocarbons, and very low sulfur content, Fuel B (EM-
195-F) is essentially a No. 2 diesel emissions test fuel, with a broad
boiling range and about 35% aromatic hydrocarbons., This fuel has re-
latively high sulfur content and the highest density of the three test fuels,
Fuel C (EM-198-F) falls between fuels A and B in density, fraction of
aromatics, and sulfur content. The low end of its boiling range is trun-
cated, however, because it is a specially-blended fuel and does not con-
tain the normal range of base stocks. The three fuels were procured in
amounts of at least 11,400 1 (3000 gal) each and stored in specially-
designated tanks at the Department of Emissions Research.

The additives agreed upon for use in the project are Ethyl DIL-2
and Lubrizol 8005, Ethyl DII-2 is a primary hexyl nitrate, and is used
as an ignition (or cetane) improver. Treatment level varies, but the
most commeonly used percentage is 0,1 percent by volume, Maximum
treatment level is cost-limited at about 0,15 percent by volume, at which
point refinery methods become more economical in upgrading fuel quality.

Lubrizol 8005 is an organo-metallic, containing calcium and a
small amount of barium., The recommended dosage is 0,25 percent by
volume, representing the optimum cost effectiveness of the material as
a smoke-suppressing additive. There is apparently some concern that
treatment levels above 0,25 percent by volume may lead to increased
ash deposits over the long term, so the level used for this project would
certainly not exceed that value. Both additives have been procured in
amounts sufficient for project use.

C. Chemical Analysis of Particulate Samples

Several types of chemical analysis have been set up to process
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samples of diesel particulate taken during this project. To begin, a
commercial laboratory has been retained to perform quantitative S,

C, H, and N analysis on samples deposited on 47mm glass fiber filters,
as well as S, C, H, N, and O analysis on organic solubles. Itis cur-
rently planned to submit 56 samples per engine for S, C, H, and N
analysis, and 20 samples of solubles per engine for S, C,H, N, and O
analysis. The total test/analysis matrix will be described later in the
report, showing exactly which modes and fuels will be analyzed.

Another commercial laboratory will be performing trace metal
analysis on samples collected on 47mm Fluoropore filters (0. 54m mean
flow pore size). The metals to be analyzed for are summarized in Table
1, along with nominal detection limits in A{g/cm2 filtration area and
4g/filter based on a nominal effective filtration area of 13 cmé, Calcium
and Zinc were included in the test array at the last moment because a
trial sample showed them to be significant. The current test plan calls
for submittal of 96 samples for trace metal analysis, which should yield
a good picture of variation in particulate metal content with fuel and
additive composition.

Analysis of particulate samples for total soluble organic content
is being performed by a research group at Southwest Foundation, the
Institute's sister organization which deals mostly with basic medical re-
search, The solubles are extracted in chloroform, and subsequent

TABLE 1. METALS TO BE ANALYZED AND
NOMINAL DETECTION LIMITS

Nominal Detection Limit

Element A(g/cm‘ 4g/filter*
Ba 0.24 3.1
Ca 0.12 1.6
Mn 0.10 1.3
Pb 0.14 1.8
Sn 0.26 3.4
Ni 0.10 1.3
Cu 0.10 1.3
v 0.12 1.6
Sr 0.14 1.8
Zn not known not known

* based on effective filtration area of 13cm2

analysis for BaP is performed by thin-layer chromatography, Spectral
analysis of the soluble {raction is performed by NMR and IR, and the
remaining sample 1s split flor SCHNO analysis and paraffin determination,
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Copies of NMR and IR spectra run on early practice samples are in-
cluded as Appendix C for information purposes.

Paraffins will be separated from total organic solubles by liquid
chromatograph, and a boiling point distribution will be obtained by FID
using ASTM D 2887-72T or a similar technique. This analysis will be
performed on a work order basis by the U,S, Army Fuels and Lubricants
Research Laboratory, which is located on the Institute grounds and staffed
by Institute personnel.

The SwRI Department of Chemistry and Chemical Engineering has
been working under this contract to develop analysis methods for nitro-
samines, phenols, and organic peroxides in diesel particulate. The pro-
cedures for nitrosamines (n-dimethylnitrosamine in particular) seem to
be working well on test samples, and the phenol technique appears to have
adequate sensitivity, The rectangular glass fiber filters used to collect
samples have a variable and sometimes quite significant phenol back-
ground level, however, and filter washing has been only partially successful
in eliminating the problem. A new type of highlv '"cleaned-up" filter is
currently coming on the market, and we should receive our first batch in
a few weeks, It is hoped that this development will yield significantly
better results. Tests designed to yield samples for phenol analysis are
being skipped in the current test schedule, and these specific runs will be
made later after the problems have been ironed out,

Efforts were made to find an approach to analysis for organic per-
oxides, but no real success was achieved. The level of effort allocated
for development of analytical methods and actual tests did not permit a
very broad-ranging development effort, and it was decided that the attempt
for peroxides should be dropped to avoid jeopardizing the number of actual
evaluations needed for phenols and nitrosamines. A summary of the me-
thods developed for phenols and DMNA is given in Appendix D along with
some early sample chromatograms.

D. Development of Test Plan and Data Matrix

Since the total number of samples being taken for this project is
extremely large, a test plan was devised to meet project objectives while
avoiding unnecessary duplication. The information gathered from the tests
conducted should be ample to decide which types of analysis lend them-
selves most readily to fuel and additive qualification. The test plan and
data matrix are summarized in Table 2. Following this plan (with no
extra runs) yields the following numbers of independent analytical deter-~
minations on each engine:

1. 312 gravimetric (other than ERC)
2, 48 trace metals
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TABLE 2, TEST PLAN AND DATA MATRIX FOR EACH ENGINE
Analysis Codes* by
Sampling System
Operating Condition 4 x 47 Hi-Vol
Fuel(s) Speed Load, % First Run Rpt.
B Idle --- 1 2 5 8 1 3 4 6 1 7
Peak Torque 0 l1 2 5 8 1
Peak Torque 25 1 5 8 1
Peak Torque 50 1 2 5 8 1 3 4 6 1 7
Peak Torque 75 l1 5 8 1
Peak Torque 100 1 2 5 8 1
Rated 0 1 2 5 8 1
Rated 25 1 5 8 1
Rated 50 1 2 5 8 1
Rated 75 1 5 8 1
Rated 100 1 2 5 8 1 3 4 6 1 7
Composite 1 2 5 8 1 3 4 6 1 7
B + 8005 Idle --- 1 2 5 8 1 3 4 6 1 7
Peak Torque 0 l 2 5 8 1
Peak Torque 25 1 5 1
Peak Torque 50 1 2 5 8 1 3 4 6 1 7
Peak Torque 75 l 5 1
Peak Torque 100 1 2 5 8 1
Rated 0 1 2 5 8 1
Rated 25 1 5 1
Rated 50 1 2 5 8 1
Rated 75 1 5 1
Rated 100 1 2 5 8 1 3 4 6 1 7
Composite 1 2 5 8 1 3 4 6 1 7
* Analysis Codes
1. Gravimetric 5. SCHN (Particulate)
2, Trace Metals 6. SCHNO (Organic Solubles)
3. Organic Solubles, 7. Phenols and Nitrosamines
BaP, IR, NMR 8. ERC Gravimetric

4, Paraffins
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TABLE 2 (Cont'd).

TEST PLAN AND DATA MATRIX FOR EACH ENGINE

102

Analysis Codes* by
Sampling System
Operating Condition 4 x 47 Hi-Vol
Fuel(s) Speed Load, % First Run Rpt.
A and C Idle --- 1 2 5 8 1 3 4 6 1 7
Peak Torque 0 1 2 5 8 1
Peak Torque 25 1 8 1
Peak Torque 50 1 2 5 8 1 3 4 6 1 7
Peak Torque 75 1 8 1
Peak Torque 100 l 2 5 8 1
Rated 0 1 2 5 8 1
Rated 25 1 8 1
Rated 50 1 2 5 8 1
Rated 75 1 8 1
Rated 100 1 2 5 8 1
Composite 1 2 5 8 1 3 46 1 7
A + DII-2 Idle --- 1 2 5 8 1 3 4 6 1 7
and Peak Torque 0 1 2 5 8 1
C + 8005 Peak Torque 25 1 1
Peak Torque 50 1 2 5 8 1
Peak Torque 75 1 1
Peak Torque 100 1 2 5 8 1l
Rated 0 1 2 5 8 1
Rated 25 1 1
Rated 50 1 2 5 8 1
Rated 75 1 1
Rated 100 l1 2 5 8 1 3 4 6 1 7
Composite 1 2 5 8 1 3 4 6 1 7
* Analysis Codes
1. Gravimetric 5, SCHN (Particulate)
2. Trace Metals 6. SCHNO (Organic Solubles)
3. Organic Solubles, 7. Phenols and Nitrosamines
BaP, IR, NMR 8. ERC Gravimetric
4. Paraffins



3. 20 organic solubles, BaP, IR, NMR, paraffins and
SCHNO on the organic solubles, phenols, and nitrosamines

4, 56 SCHN on particulate

5. 60 ERC gravimetric.

A certain number of additional runs will have to be made, of course, to
allow for data errors, instrument failures, and so forth.

E. Gaseous Emissions, Smoke Opacity, and Bosch Smoke Numbers
for One Engine and One Fuel

To document the emissions of the 6L-71T engine, tests have been
conducted for both smoke and gaseous emissions. These tests were
intended to make certain that the engine is typical of its model and to
provide baseline smoke and gaseous emissions data on Fuel B (the fuel
specified in the Federal Register for diesel gaseous emissions and smoke
test purposes). The 13-mode steady-state smoke data by Bosch sampling
and PHS meter are shown in Table 3, and these data indicate low smoke
levels at all conditions. An additional set of full-load runs was made in
200 rpm increments from 2100 rpm to 1100 rpm; and the average PHS
smoke opacities were: 1.2 percent at 2100 rpm, 1.0 percent at 1900, 1.0
percent at 1700, 2,0 percent at 1500, 4.0 percent at 1300, and 11,8 per-
cent at 1100 rpm,

Gaseous emissions were also run on the 13-mode procedure, and
the cycle composite results are shown in Table 4, The computer tabula-
tions of the gaseous emissions results are given as Pages E-2 through
E-4 of Appendix E. These emissions agree well with certification data
on similar engines, so the major operational variables of the engine seem
to be in order, Transient smoke results were obtained using the Federal
Smoke Test Procedure and PHS smokemeter, and the transcribed data
sheets appear as Pages E-5 through E-7 of the Appendix. A summary of
these data is given in Table 5, Similar tests for gaseous emissions and
smoke will be performed using the other 5 fuels as permitted by the over-
all test schedule,

F. Dilution Tunnel Calibration

The blower used to pull dilution air and exhaust through the dilution
tunnel system was calibrated using a large laminar flow element and some
electric heaters, and the result is shown on page F-2 of Appendix F, with
supporting data and calculations on pages F-3 and F-4, It was necessary
to extrapolate the line back to a blower Ap of 3.5 inches H20 because the
measurement system precluded readings with a Ap under 12 inches HO.,
The higher blower speed is being used to permit higher tunnel velocities
and consequent higher :ample acquisition rates, The calibration with the
36:26 drive and 3.5 inches H20 blower Ap yields tunnel bulk velocity down-
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TABLE 3, STEADY-STATE BASELINE SMOKE DATA FOR
6L-71T ENGINE ON FUEL "B'" (EM-195-F)

PHS % Opacity

by Run Bosch Filter Reflectance Data by Run

Mode RPM Load 2 3 4 1A 1B 2A 2B 3A 3B 4A 4B
1 480 --=-- 0,1 0.2 0.2 0.2 0.2 0.1 0.1 01 0,1 0.2 0.2
2 1600 ---- 0.2 0.3 03 0.1 01 02 0.2 0,1 0.1 0.2 0.2
3 1600 25% 0.5 0.5 0,6 0.2 0,2 0,2 0.2 0.2 0,2 0.2 0.2
4 1600 50% 0.6 0.7 0.7 0.4 0,4 0.4 0.4 0.4 0.4 0.4 0.4
5 1600 7%% 0.8 0.9 0.9 0.6 0.6 0.6 06 0.4 0.4 0.8 0.8
6 1600 100% 1.3 1.7 1.8 1,0 1.0 0,5 0.5 1.0 1.0 1.4 1.4
7 480 ---- 0.2 0.3 0.2 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2
8 2100 100% 1.0 1.0 1.0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
9 2100 7% 0.8 0,9 0.8 0.2 0,2 0.3 0.3 0.4 0.4 0.4 0.4
10 2100 50% 0.6 0.8 0.7 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4
11 2100 25% 0.6 0,7 0,7 0.2 0,2 0.3 0.3 0.2 0.2 0.2 0.2
12 2100 ---- i,0 0,7 0,8 0.4 0,4 0,4 0.4 0.4 0.4 0.5 0.5
13 480  ---- 0.1 0.3 0,2 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.2

TABLE 4. SUMMARY OF 13-MODE CYCLE COMPOSITE GASEOUS
EMISSIONS FOR 6L-71T ENGINE ON FUEL "B" (EM-195-F)

Cycle Composite Emissions, g/hp-hr

Run HC CO NO, HC + NO
1-1 0.49 2.66 11.6 12.1
2-1 0.44 2.33 11.7 12.2
2-2 0.58 2,10 12.6 13.1
Avg. 0.50 2.36 12.0 12,5

104



TABLE 5. FEDERAL SMOKE TEST DATA FOR 6L-71T ENGINE, FUEL "B"

Percent Opacity by PHS Smokemeter

Run "a'' Factor "h'' Factor e Factor
1 11.9 1.4 20.6
2 2.8 2.1 20,8
3 13.0 1.9 21.8
Avg. 12.6 1.8 21.1

stream of the sampling point

Ve = (1 blower revolutions (counts) Ts x PB
b = (11.9) - —-—" —=
time, sec Tg Pg

where the ''S'" station is the sample acquisition point and the ""B'' station
is the blower inlet, The constant in the equation for Vg, (bulk velocity
at the sampling point) is 11,9 for the 4 x 47 system and 12.4 for the hi-
vol system due to greater sample withdrawal rate).

Velocity profiles at the sampling station were acquired with a
Thermo Systems hot-film anemometer, The results were less precise
than anticipated, due to the influence of large-scale turbulence in the
duct. Averages over a number of runs gave usable values, however,
and the plots shown on Appendix page F-5 were constructed from these
data (included as Appendix F-6 through F-8), The positions as well as
the velocities in these profiles are referred to the duct centerline, and
although the "flat'" sections of the profiles are not quite normal to the
axis, the deviation from centerline velocity (V¢) is only about + 2% in
the sampling zone. The reason for the higher velocities in the upper
right section of the tunnel is probably the overhead lighting which strikes
the tunnel from that direction. The tunnel can be insulated, or the lights
can be shaded if the profile distortion is felt to be a problem, but the
* 2% velocity gradient in the sampling zone is probably much less a
cause of anisokentic sampling than the large scale turbulence mentioned
earlier,

Temperature and concentration profiles were also taken (vertical
only), and the results are shown on pages F-9 and F-10 of Appendix F,
They are essentially flat so no comment is required.

G. Calibration of Sampling Systems and Engine Airflow Instrumentation

Measurement « flow through the hi-vol sampling system (the one
which uses (nominal}8 x 10 inch glass fiber filters) is performed by noting
the pressure drop tl.rough an orifice mounted about 0. 79m (31 1n) down-
stream of the sampling blower outlet in a 76mm (3 in) O, D, tube '"tailpipe'.
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Temperature is also measured at the orifice, so mass flow can be
calculated by the formula

A 0.5 A 0.5
mass flow = 5, 35 (%) lbm/min= 2.43 (_P,_EEL) kg/min

where py is the atmospheric pressure in inches of Hg. The constant (5. 35)
was determined by calculation using the ASME flowmeter handbook pro-
cedure,.

Flowrate measurements for the four-probe system using 47mm
filters are taken via flowmeters, and the calibration curves for the specific
meters employed are shown on page G-2 of Appendix G, Calculations and
data on which the flowmeter curves are based are given as pages G-4
through G-6 of Appendix G. These latter four pages also contain data and
calculations used to arrive at correction factors for readings of the dry
gas meters used to indicate total flow through each 47mm filter during the
sampling period. Flowmeter number 5 is used on the ERC sampler, and
it was calibrated in the same way as numbers 1 - 4, The calibration curve
for flowmeter 5 is included as page G-7,

The orifice used to measure engine air flow was calibrated against
a laminar flow element which has a calibration traceable to NBS standards,
The final equation (derived by applying the best squares method to the
logs of Ap and mass flow) is

M, = 89. 60 (Apg)°-4842 lbm/min = 40. 64 (Ap q)°-4842 kg/min,

and its derivation is given on pages G-8 through G-11 of Appendix G. Ex-
haust mass flow is simply air flow plus (directly measured) fuel flow.

H. Development of Simplified Operating Criteria for ERC Sampler
and Dilution Tunnel

After the ERC sampler was cleaned and made operable by a number
of minor corrections and repairs, it was decided that the instructions
supplied with it were not suitable for use by technical staff in the laboratory.
There is some question, as a matter of fact, that the operating procedure
as given in the instructions is workable at all, It was decided, therefore,
to review the sampler's principles of operation and devise a more usable
set of operating instructions, The instructions themselves appear as pages
H-2 through H-8 of Appendix H, and they are lucid enough for our technicians
to follow with only a little help. The calculations and considerations leading
to the instructions are presented as pages H-9 through H-16 of Appendix H,
and some simplified operating guides for the dilution tunnel itself are given
as pages H-17 and H-18,
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I, Development of Mode Weighting Procedure for 13-Mode Tests

Obtaining a sample on one filter which is a true composite for
the 13-mode test requires that the total amount of raw exhaust gas
filtered in each mode be proportional to the product of engine exhai:st
mass flowrate and the time-based weighting factor for that mode. In
mathematical terms

mj = C] (E_Elli W; (Me); or (Mgyp), = C2 (E;;—D)i W, (Me); ,

where: i = individual mode, i=1, 2, 3, .. .. ., 13;

m; =(m;) (time); = total dilute exhaust filtered in mode i,
4 x 47 system, lbm;

(Mgp); = (M), (time); = total dilute exhaust filtered in mode i,
hi-vol system, lbm;

(time)j, = time in mode i, sec;

(Me); = engine exhaust flowrate in mode i, 1b,,/min;

Wi = time-based weighting factor;

Ei = exhaust flow through tunnel, lbm/min; and

Dj = diluent flow through tunnel, lbm/min.

Note that

.+ _C}]|E+D (N, - C2 E+D
frimelt = ml( E )i WilMeli (Mor)i( E )i Hilktel

m.
so Cy = Cz(Ml_r
or/,
i

Therefore, since both m; and (1\'/[,;,1-)i are essentially fixed by isokinetic
considerations, it is sufficient to use only one of the (time)j equations above
for computation purposes. The quantities [EtR], w , (M.)., and (M),
are known or can be calculated from experiment } qath. 1f a'value for anir
(time); is assumed, the constant C2 can be calculated and then the other
(time); can also be calculated. To determine whether or not our choice

of C2 is reasonable, we can compute

(time) = Z (time);

and choose a higher or lower value of C2 to make (time) more reasonable.

To minimize the complexity of the 13-mode test, it was decided
to determine the (E+D/E); with both the dump valves open (minimum ex-
haust backpressure). This decision means that we will not have the abso-
lute maximum particulate collection per unit time, but the latest experi-
mental data show that an adequate amount should be collected in a test of
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about 40 minutes' duration, It was also possible, of course, to deter-
mine (Me)i and a good average value for Moy while measuring the
dilution ratios., The data and some calculations are given in Table 6

TABLE 6, DATA AND CALCULATIONS
USED TO DETERMINE MODE WEIGHTS

i= E+D Time in Mode (min) by Assumption
Mode | Wj E [;]| (M) 1 2
1 0.20,3 32.2 9. 85 2.00 1.08
2 0.08 22.6 35,78 6.12 3.31
3 0.08 19.8 37.63 5. 64 3,05
4 0.08 20. 4 41.64 6.43 3,48
5 0.08 19.4 46.73 6.86 3.71
6 0.08 18. 1 54, 14 7.42 4.01
7 0.20/3 31,5 9. 85 1.96 1.06
8 0.08 12.9 74,43 7.27 3.93
9 0.08 14.4 67. 45 7.35 3.97
10 0.08 15.8 60. 36 7.22 3,90
11 0.08 16. 3 54, 16 6.68 3.61
12 0.08 17.6 50. 79 6.76 3. 66
13 0.20/3 27.1 9.85 1. 68 0.91
TOTAL = (time) = | 73.39 39. 68

ASSUMPTION 1: (time); = 2.00 min .. Cp = 0, 1665
conclusion: (time) too long ', assume smaller C2

ASSUMPTION 2: C2 = 0.09
conclusion: (time) OK, but combine 1, 7, and 13
to make one longer idle mode so tech-
nicians will have adequate time to
gather data

and on the lines just below Table 6, and the final schedule for the ""11-
mode' runs is given in Table 7 (an ""l1-mode' is just a '"13-mode' with
the 3 idle modes combined as mode 6). This schedule yields the desired
result, that is, weighting of modes so as to make a single filter repre-
sentative of a 13-mode test as that test is defined., If too small an amount
of particulate is collected during the test as scheduled, it can be repeated.

J. Procedures for Data Reduction

Preparations discussed thus far have dealt with acquisition of good
samples by correct methods, analysis of samples to determine their com-
position, and the number of samples which should be taken to ensure that
an engine's entire range of particulate output is represented. This section
gives the final technical developments necessary to calculate engine total
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TABLE 7. WEIGHTING SCHEDULE FOR "11-MODE" COMPOSITE RUNS

Condition Mode Time, Cumulative

Mode = i Rpm Load, % Sec Time, scc
1 Peak Torque 0 198 198
2 " " 25 183 381
3 " " 50 208 589
4 " " 75 222 811
5 " " 100 240 1051
6 Idle - 182 1233
7 Rated 100 235 1468
8 " 75 238 1706
9 " 50 234 1940
10 " 25 216 2156
11 " 0 219 2375

particulate output (and consequently the output of any species for which
analysis is conducted) from data obtained during the course of a test.
Data which are acquired during testing are perhaps best shown by the
data forms which are filled out by the people running the tests, sothe
three types of forms are included as pages I1-2 through I-4 of Appendix I.
For a given test, only half of each data form would be completed (either
top or bottom).

Mathematical development of data reduction procedures is given
as pages I-5 and I-6 of Appendix I, largely based on the results of cali-
brations discussed in section G and calculations discussed in section H.
Although the calculations are compact enough to be performed by hand
for a few cases, the large number of samples being taken for this pro-
ject make computer processing more economical in the long term, Ex-
amples of the encoding sheets from which data will be keypunched (12
data cards per test) are given as pages I-7 and I-8, The computer pro-
gram being used for the processing is included as pages 1-9 through I-12,
and sample results are given on pages I-13 and I-14,

Possible Problems and Corrective Action

The only problem in view at this time is the continuing background
interference with the Phenol analysis, and it is hoped that the new ''clean"
filters currently on order will eliminate the difficulty.

Plans for the Next Reporting Period

It is planned that all samples on fuels A, B, and C for the Detroit
Diesel engine, except possibly those for Phenol analysis, will have been
acquired. It is also planned that chemical analysis of all samples taken
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while using fuels B and C will be complete or well underway. The gravi-
metric calculations (using the computer) should be well underway by the

end of the next reporting period,

Submitted by:

Gt T Bene

Charles T. Hare
Manager, Advanced Technology
Department of Emissions Research
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APPENDIX B

FUEL SPECIFICATIONS AND INSPECTION
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9Ll

FIA Analysis
Aromatics, %
Olefins, %
Saturates, %

Distillation
IBP, °F
10%, °F
50%, °F
90%, °F
EP, °F
Sulfur, %
Nitrogen, %
Cetane
Gravity, °API
Flash Point, °F
Viscosity, cs

Emissions Test Type 2-D

DIESEL FUEL SPECIFICATIONS
SWRI PROJECT 11-3718-001

Max

400
460
540
610
660
0.5

50
37

3.2

Min

Remainder

340
400
470
550

580
0.2(?

42
33
130
2.0

Test Fuel A
Max Min Blend 1
10 5 8
2 - 1
95 88 91
310 240 320
340 320 331
400 380 379
480 440 456
500 480 492
0.05 - . 007
0.02 -
60 48 46
55 50 47.4
120
1.5

(1) Must not exceed 35 percent for Project 11-3718-001
(2) Should be around 0. 3 percent for Project 11-3718-001

Test Fuel C

Blend

Desired 10-11-73
20 20
1 1
79 79
about 370 432
430-440 449
480+20 463
550 max 508
580 580

0.05 max

40 min 47.5
40 38.7

2 min



ANALYSIS OF FUELS TO BE USED DURING DIESEL
PARTICULATE MEASUREMENT PROJECT

Project Fuel Cose A B C
SwRI Fuel Code EM-197-F EM-195-F EM-198-F
Fuel Type No. 1 Kerosene 2D Emissions ""No. 1-1/2"
Distillation, °F

IBP 330 384 410

10% 354 434 426

20% 360 460 441

30% 366 483 446

40% 376 500 450

50% 387 518 455

60% 402 531 460

70% 418 548 465

80% 437 569 479

90% 460 601 502

EP% 525 673 594

% Recovery 99 98 99

% Residue 1 2 1

% Loss 0 0 0
Aromatics, % 9.2 35.1 23,0
Olefins, % 0.8 0.0 1.0
Saturates, % 90.0 64,9 76,0
Gravity, °API 46.8 34.9 39.4
Cetane (Calculated) 51.0 49.5 49.5
Total Sulfur, % 0,003 0.319 0.010
Weight % C 85.0 86.5 85.3
Weight % H 13.9 12.8 13.9
Weight % N 0.08 0.10 0.04
Viscosity, cs 1.62 2.7 2.12

Flash Point, °F 130 176 185+
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APPENDIX C

SAMPLE NMR AND IR SPECTRA RUN
ON EARLY ORGANIC SOLUBLES SAMPLES
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APPENDIX D

PROCEDURES AND EARLY SAMPLE DATA FOR
PHENOL AND NITROSAMINE ANALYSIS
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Method for Determination of Phenols and N-Dimethylnitrosamine

10,

11,

in Particulate Matter Collected on Glass Fiber Filter

Cut filter in pieces approximately 5 x 40 mm and place in
200-ml round bottom distillation tlask.

Add 70 ml of 1% H3POg4 in water.

Connect distillation flask to vertically mounted small diameter
(8 mm O.D.) water cooled condensing tube., This distillation set-
up is similar to a Kjeldahl distillation apparatus.

Place 5 ml of 50% KOH in 50 ml beaker and place beaker so that
outlet end of condenser tube is immersed in KOH solution,
Distill over 35 ml H2O and rinse condenser tube with 5 ml H20,
Should now be approximately 45 ml in beaker.

Transfer, without rinsing, contents of beaker to 125-ml separa-
tory funnel,

Add 13 gm NaCl to funnel and shake to dissolve.

Rinse condenser tube with 10 ml benzene and collect in 50 ml beaker.

"ransfer benzene to separatory funnel containing distillate and shake

vigorously for 1 minute.

Drain aqueous phase into another 125-ml separatory funnel, Discard

benzene,
Add 10 ml dichloromethane (DCM) to separatory funnel containing
aqueous phase and shake vigorously for 1 minute.

Collect DCM in small vial and save.
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13.

14,

15,

16.

17.

18.

19.

20,

21.

22.

23,

24,

Add 10-ml hexane to separatory funnel and shake well,

Drain aqueous phase into 100-ml volumetric flask, Discard
hexane,

Add 1 drop Phenolphthale in Indicator Solution to aqueous phase.
Add concentrated H3PO4 to aqueous phase to indicator end-

point then add 2-3 drops excess H3POy4,

Cool to room temperature and add 0.5 ml diisopropyl ether (DIE).
Shake vigorously for 1 minute and immediately pour into 50-ml
volumetric flask using appropriate funnel,

Swirl contents of stoppered flask and then allow DIE to collect on
aqueous surface in neck of flask,

Insert ground glass stopper, to which has been attached a short
length (60 mm) of 2-mm I, D, capillary tubing, into mating glass
joint on flask,

Using a syringe and needle, inject water into flask through pre-
viously inserted silicone plug in flask body, so as to force the
DIE up into the capillary tube.

Using a micro syringe, withdraw 544 of DIE and inject into gas
chromatograph for analysis of phenols.

The DCM previously saved is transfered to a micro concentrator
and evaporated down to 0.5-0.75 ml.

2042 of the concentrate DCM extract is injected into a gas
chromatograph equipped with an Electrolytic Conductivity Detector

used in the pyrolitic mode for selective detection of N-nitrosamines,
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CHROMATOGRAPHIC CONDITIONS

Phenols
Column: 6' 10% OV-3 + 1% FFAP on 80-100 mesh
Gas~Chrom Q-AWDMS
Column Temp: 125°C
Detector: FID
Detector Lens: 16X

Dimethylnitrosamine

Column: 6' 10% Carbowax 1540 + 10% KOH
on 60-80 Gas-Chrom Q

Column Temp: 125°C
Detector: Electrolytic Conductivity (Pyrolytic mode)
Detector Lens: 1X
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APPENDIX E
GASEOUS EMISSIONS AND SMOKE DATA

ON THE DETROIT DIESEL 6L-71T ENGINE
USING FUEL B
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HODE

DO ~EC N F Liub-

10
11
12
13

13=-MODE FEDERAL DIESEL EMISSION CYCLE

PROJECT:11-3718~-001 DATE OF TEST 1=-3-2% TEST NO,1 RUN NO.]
DETROIT DIESEL 6L=?1T FUEL TYPE EM=195=F
MODE ENGINE TORQUE POwEK FUEL AIk EXAAUST FULL
SPEED FLOW FLOW FLOW AIR
RPM LB=F7T BHP L8/MIN LB/MIN LB/MIN RATIO
1 480 g.0 c.0 .03 .44 9,48 +00%
2 le0vU 15.8 4.8 .18 3%,20 34,38 « 005
3 1600 190.8 58,1 b 36,98 37,44 013
% 1600 3Bl.6 1lb.3 78 39,80 $0.58 020
5 lbud 574%.2 17%.9 l.1¢ 4,35 45,47 025
b 1600 ?65.0 233,1 1.50 ¥9,10 50.61 «031
? 480 6.0 0.0 .04 4. 4% .49 «00S
8 2100 6B8S5.8 275,8 l.8¢2 b?7.99 9.8l »027?
9 100 516.2 207.¢2 1.3% bl.?0 ©3.10 .023
10 2lu0 I%4.9 1372.9 1.01 55.86 Sb.B7 «018
1l eluo 1?3.3 b9.3 bl 51.10 51.74% .013
1e 2iu0 1%.0 S.b «33 $¥7.93 48.2b «007?
13 480 0.0 c.0 «05% Q.45 9,50 . 005
HC Co+ NO++ WEIGHTED BSHC BSCO+ BSNO2++ HUM,
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR GR/LB
113 lae 178 0.00 K R k é8.b
1289 130 86 »38 12,20 eh 4y 2b,?1 28.b
106 ?0 28e $.65 .90 l1.18 ?.8% 2B.b
b4 93 580 9.30 29 + B85 8.74% 24%.9
76 1?5 971 13.99 o2b 1.20 10,91 2?7.%
8¢ 138b 119% 18.65 24 ?.92 11.20 31,4
60 il89 201 0.00 K R R 3l,.%
108 cb3 126¢ 22.0b «3b 1,78 13.81 29,7
96 100 928 16,58 .39 « 80 12,21 29.7?
td; 82 55¢ 11.03 40 .89 9.8% 3l 4
80 78 2BY S.54% .79 1.5% Q15 Jl. 4
100 5 112 45 11.38 21.53 $1.8? 29.1
92 12b 19% t.00 R R R eh.1
CYCLE COMPOSITE BSHC = +» 4819 GRAM/BHP HR
8SC0+ = 2.bb2 GRAM/BHP HR
BSNO2++= 11,.59b GRAM/BHP HR
BSHC + BSNO2++= 12.08% GRAM/BHP HR

+

CONVERTED TO WET BASIS
++ CONVERTED TO WET BA3IS AND CORRECTED TO 75 GRAINS
WATER PER LB,

DRY AIR
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MODE

13-MODE FEDERAL DIESEL EMISSION CYCLE

DATE OF TEST 1=-5-7%

FUEL TYPE EM=195-F

POWER

BHP

FUEL
FLOW
LB/MIN

TEST NO.2

Alr EXHAUST FUEL

FLOW FLOW

LB/MIN LB/MIN

AIR

RUN NO,1

RATIO

0.0
$.3
58.7
116,.8
1?5.5
eit,.l
0.0
280,7
210,7?
140,.7
70.0
5.6
0.0

.05
«18
oW7?
«?9
1.11
1.51
D4
l1.82
1.3q
l1.0¢
b5
.3“
.03

Q.46 9,51
33.79 33,97
37.%2 37.89
$0.72 $1,.51
45,17 ‘b.28
S2.31 53.8¢2

Q.44 q,48
69,93 ?1.75
b2.86 b4.25
57.51 S8.53
S2.4%0 53.05
$2.94% $8.28

Q.11 q.14%

-----------------—---------------------------------------------’

WEIGHTE
BHP

D BSHC

G/HP H

HUH,

GR/LB

WLNT U F WM

q
10
1l
1e
13

PROJECT:11=3718=001
DETROIT DIESEL 6L=?71T7
MODE ENGINE TOKGUE
SPEED
RPM LB=FT
1 480 0.0
- 1600 14,0
3 le00 19¢2.b
Y4 1600 383.4%
S 1000 576,0
b lbu0 ?68,5
? 450 0.0
8 2100 702.0
Q elu0 Se?.0
10 2100 361.8%
11 2100 1?5,.1
le 2100 1%.0
13 480 0.0
nC CO+ NO++
PPM PPM PPM
128 183 158
148 157 Qb
116 84 285
56 ?? 560
40 14?7 903
32 105% 1119
?c lle 160
?c by 1300
60 Q2 954
88 7?0 567
lo% b4 2?2
120 86 135
l24% 120 136
CYCLE COMPOSITE BSHKC
BSCO+

L4

CONVERTED TO WET BASIS

BSHC +

0.00

e 34
.69
Q.34
14,04
18,73
0.00
c2.4b
16.86
ll.20b
S«b0
45
0.00

= s 441
= 2,328

BSNO2++= 11.70%
BSNO2++= 12.150

R
15,55
+988
«2b
14
«10

R

24
oY
.48
1.0%
13,66
R
GRAM/
GRAM/
GRAM/
GRAM/

BSCO+ BSNO2++
R G/HP HR G/HP HR
R R
32,93 32,91
l.%3 ?7.9%
of2 8.60
1,02 10.29
b.,37 1.1}
R R
1.7? 14,36
74 12.57
«?? 10,18
1,27 8.90
19,53 50,34
R R
BHP HR
BHP HR
BHP HR
BHP HR

++ CONVERTED TO WET BASIS AND CORRECTED YO 75 GRAINS

WATER

PER L8B.

DRY AIR
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27.1
2?.1
2?.1
2?.1
27.1
2?7.1
8,8
c8.8
28,8
28,8
28,8
8.8
28.8



MODE

NT U FWN e

o

q
1n
11
12
13

13-M0DE FEDERAL DIESEL EMISSION CYCLE

PROJFCT:11=-37?18=-001 DATE OF TEST 1=-5=-?2% TEST NO.2 RUN NO,?
DETROIT DIESEL 6L=?711 FUEL TYPE EM=195=F
MOUE FENGINE TORQUE POwER FUEL AIR EXHAUST FUFL
SPEED FLOW FLOW FLOW ~IR
RPM LB=FT BHP LB/MIN LB/MIN LB/MIN RATIO
1 480 .0 0.0 .03 .07? q9.10 .004%
¢ l16U0 1%.0 $.3 .18 34,39 34,58 «005
3 1600 182.6 S8,7 47 37.37 37.84% .01le
L lbuo 383.4% 116.8 «?79 $Y0.5°2 %1.31 «020
e 1600 S?6.0 176,55 l.12 4¥5.03 b, 1Y «025
b 1600 76,8 233.b 1.50 51.41% S2.98 «02%
? 480 0.0 c.0 «03 9.0b 9,09 «003
8 2luo ?03.8 281.4 l1.81 ?0.35 72.16 «02b
S 2100 S28.7 2ll.% l1.40 b2.bb bd, 06 .02¢
10 2100 351.9 140,77 1.03 Sb.83 57.8b6 «018
11 cluo 176.8 20,7 ob? 52.23 S?,.90 <013
le cluo 1%.0 S.b e33 $7.8% $8,17 « 007
13 480 0.0 0.0 .03 .09 Q.12 «.00%
HC CO+ NO++ WEIGHTED BSHC BSCO+ BSNO2++ HUHM,
PPM PPM PPM BHP G/HP HR G/HP HR G/HP HR GR/LB
1le ?5 152 0.00 K R R 37.4%
160 120 84 L 17.12 25,50 29,50 372.%
118 94 294 .69 1.00 1,59 8,20 37,4
8% Se 60b 9. 3% .39 <49 9,26 37,4
88 138 1010 1%.,04% e31 «93 11,48 37.5
96 1052 1238 18,619 «29 b.27 12,13 37.5
128 q1 148 0.00 R R R 3?.5
104 e4b 1%10 ee.51 035 l.6b 15,61 39,1
Qe b8 10189 1b6.91 «37 « 54 13,34 3%.1
103 4 604 11.26 «5b .48 10,74 37.5
1l¢e 39 301 S.bb 1,11 «?b 9,73 3?7.5
136 b4 104 45 15.44% 14,37 38,65 39,1
136 Q9 152 0.00 R R R 39.1
CYCLE COMPOSITE BSHC = .583 GRAM/BHP HR
BSCO+ = 2.0498 GRAM/BHP HR

+

BSNO2++= 12.561

BSHC + BSNO2++= 13,1%%

CONVERTED TO WET BASIS

GRAM/BHP HR
GRAM/BHP HR

++ CONVERTED TO WET BAZis AND CORRECTED TO ?5 GRAINS

WATER PER LB,

DRY AIR
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Vehicle

FEDERAL SMOKE TRACE EVALUATION

Date /-7.7%

Engine Model g/4- 777

Accelerations

First Sequence

Evaluated by ,(A/

Run No. /

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. 3moke % Interval No. Smoke %
/ 7.2 | / 35 / so
2 2/.5 2 /3.0 2 ey
3 26.0 3 77s” 3 /9.0
4L 230 £ 20.0 Y /75
5 20,7 P 12.0 < /5.5~
A 2/, 0 & /6. 5~ A /.3
7 /8.3 7 /6. 7 [6.5
4 /6.0 4 /3.0 4 /¥ S
7 Z7a 9 /Yo ya /30
Y] /3.0 /0 /Lo /0 Y/
// /.0 Y74 75 /] 7.0
/2 25 /2 4.5 12 3
/3 x4 /3 2.5 /3 2.0
14 15 /¥ 2.5 za /S
/S5 1S /5 2.2 /5 LS
Total Smoke % _20/. 8 L2 Wy
= /7Y

Factor (a) = 537 A
45

Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ /. 0 / /S / /S~
2 /2 3 /5 2 LS~
3 /2 3 /S 3 LS
& £2 ¥ /S A /s
S /-2 S~ 15~ S /S
Total Smoke % 7 4 7 5 78
Factor (b) = 2.4 = yA v %
15

Peak Readings

Second Sequence Third Sequence

First Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ 26.0 / =20.0 / /7S

=2 23. 0D Z /9. s~ =2 /9. 0

<5 2/ 5 < /8.0 7 /58S
Total Smoke % 70.5 Ky A s7 o
Factor (c) = /S5 = 20,0 Y,

9 -

136




FEDERAL SMOKE TRACE EVALUATION

Date /- 7— 7}[

Vehicle
Engine Model g £- 7/ 7"

Accelerations

Evaluated by _‘-_/A/__--_ -
-2 —_

Run No.

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke ¥
/ + & / S0 / 70
Z /2.5~ 2 /5.0 2 2/5
3 2/).5 32 2.5 3 2/.0
] 20.0 4 22,0 4 /8.5~
-~ 20.0 5 /9.5~ 5 /8.5~
JA 20.5~ ¢ 195~ A /8.0
7 21.0 7 /8.0 7 /LD
Vs /8.0 V4 /7% - 4 /6.0
7 17.0 7 1520 9 /13 5~
/0 YXA/) /0 /9.8 /10 /1.0
/1 /1S /! /0.0 // 2.~
(2 £ [2 7.8 /2 60
/3 2.5 /3 2.0 /3 £S5~
1 2.5 A 2.3 1% 4D
/S~ s 15~ 2.0 /5 33
Total Smoke % (Z:Z 14 /89, 6 /99 .S/
Factor (a) = $76./ = /2.8 %
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ 2.2 / 2.2 / /S
2 2.2 2 22 2 Y
3 22 I 2.5 3 1.8~
¢ 2.5 A 2.5 £ 15~
s~ 2 5 S 2. 5~ s .7
Total Smoke % //. & //.2 79
2./ %

Factor (b) = 3/, ‘7Z
15

Peak Readings

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ 2/ 5 / 22,0 / 2/. 5
2 2/.0 2 2/.5 2 2/ 0
J 0, s~ J /7.5~ I /E S
Total Smoke % 43 O 3,0 £/ 0
Factor (c¢) = aZﬂZ o/o

/27
9
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Vehicle

FEDERAL SMOKE TRACE EVALUATION

Date

L

Engine Model gL -7/ 7~

Accelerations

First Sequence

Run No.

Second Sequence

Evaluated by /(/ﬂ

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ 70 J 5.0 / /5.0
~ 2/ 0 >/ /6. O 2 2550
7 23,5 3 2. 0 J 250
4 /9.0 o /9.0 £ 22.0
5 /9 0 e 175~ - 0.0
2 /2.8~ [Z /(75 & /7.3
7 /o S~ 7 /7.0 7 170
g /b.O V4 [ S £ /7.0
g /4.0 7 A 7 (4.5~
70 /1.5 /0 /2.0 /0 /2.0
// L5~ // /0.0 // 7.0
/2 .5~ /2 7o (2 6.5
/3 24 /3 2.7 /3 2.5~
/£ Y /4 J.2 14 2.4
VA b /s~ 3.0 /S~ 2.8
Total Smoke % /7/. / /45" oZ_/OL
Factor (a) = _SJL. 7 /30 Y%
45
Lugging
First Sequence Second Sequence Third Sequence
Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ /.5 / 2.0 / 17
2 /S 2 2.0 2 A4
3 £S— I 2.0 3 Y24
P74 /15 L .0 A 20
5 /&€ S 2.0 S 2.5
Total Smoke % £,/ /0.0 28
Factor (b) = 7 9 = /9 %
15

Peak Reading_s

First Sequence

Second Sequence

Third Sequence

Interval No. Smoke % Interval No. Smoke % Interval No. Smoke %
/ 23S / 240 / 250
2 2,0 2 /7.0 2 250
J /20 J /7.5 I 22. 0
Total Smoke % 447 .5~ b0.5 72.0
Factor {(¢) - /94 2/ £ 4
9
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APPENDIX F

CALIBRATION AND PROFILE ANALYSIS
OF DILUTION TUNNEL
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BLOWER = CALIBRAT \ON

L.

|
s )
o]

WE  AAT10

B X

1

[ S——

PR

RO uiapkebd

1

-_' l_ n
PR pEisa f OS2 BN SN 1 SO0 B-

_ DIWLUTION TUN..

WLET! TEMP ERATURE, °F

......

| BLOWER |
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moTML PU LLEY 3‘0

DATL

BLWER PULLEY 26 zb

Nn-37119-o0o0l

CALQUL&TNMS — _prrumien) TUNUEL BLO\UER QAL(BRAT\OM

1V /e /14

BLOWER WLEY TEMP., *F | BLOWER | BLOWER| LAMINAR FLOW ELE MENT _BLowt R
T AARGET | AUTUAL | ab.sHy0 | &/ |G, uncore | b core. [T corr. | @, core. | Vo, Vi
as. 15 2 163\ 520, 0.9741 | 09834 498, _0.324
s 4 1S 1y 28 59). 09746 | 09834 4%8. Y
1 _as____|__121%_ 20 1,19 _ 49y, 109151 | 0.9034 473, _0.315 _
L Y 109 2 k34 | 598, 0.974( | 0.®76¢ 400, 0.322
190 109 'S Ldeyy | 637, 0.91¢8 [ 0976 | 459, | o0.320
I wo _nd ) \Wbzo | 523. 109753 [0.BLBGL | a¥3. | o0.31S _
1S 129 12 \L3g 503, 0.9148% | 0.B119 44), 0.320 __
1S L 'y 129 555, 0.9151 | 0.9155 441\ 0. 318 _
L X Y (- Y 20 2 540. 0.915L . 0.9107 42 0.314 _
0 |.__1s® d_w L35 584, 10,9751 0.741S 437, _;_ 0. 322
asd | sy 1y 1b29 674, | 0.9753 i 0.732 | 427, 0.319
IO ) N 1 x ! ) 1u2! 558, 0.9758 | 0.7589 413 _0.3\5
__ 1S 1) 12 131 511, 09144 i 0.9%02 494, _0.322
|- .k M) w2] ¢ s 0.97148 i 0.9%02 487, | 0.»20 _
oo LY} M T T S I 1 S - B 0-9751 1 0,876 , 4LOH. | o0.%20
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1\- 3718 -—001
ERC SAMPLER [INST RQUCTIONS 2/ 21/74

INITIAL * Puw\Ps oN—DuMMY FlLTER— SET FLouuME‘rEIL S AT 70

l ESTABUSH _ENGINE OPERATING. CONDIT\ON _WITH. _EXRAUST

BACK PRESSURE BETWEEN 0.8 AND 2.0 tn He (IE _POSSIBLE)—
—IDLE _BACKPRESSURE _SHoULD BE. _ABOUT 0.5 , OTHERS 1.0 OR

MINIMUM, WHICHEVER S LARGER ... .

) 2. QAL.wl_ATE _EXAAUST MASS FLOW = Mg = M, (Am.) + Mg (FUEL.) oo
S S “asaz. T [ AP 0.4842 .. ...
READ_M; {vom FLO-TRON ; M= 89.60 LAP c)" = sz:l_-.‘(n%o) ———

__ ___OR READ M, fvom ERC GRAPA O

. > 74 ~
_—lNTHE__M&_E__QL_)_ATl_oN_:_l}bt__ IS _ENGINE AIR OR\FICE; T_ \S ENGINE AR

_INLEY . TEMP (® oN_EMNGINE_OPERATOR'S DIGITAL. READOULT) _ . __ .

-4 .86
3. CALCULATE _RAw. samPie _4p= Ak, =(9.90xw DMl ox
_READ _AP, fvom ERC GRAPH L __ _ _ . _ . _ - -
4. _SET_DILUTE SAMPLE FLOW RATE_ AT _ SO _ACFM USING .
L ERC GRAPW 2 AT T, (@ oN_TUNNEL DIGITAL READOUT)

S — —- ——— . Y . - -
e S._CALCULATE PRIMARY DILUTION Ap = &P, _(\._94”0'_‘) M. ok
RS __a_e_fso__AJaﬁ_&o_g._ ERC GRAPW 3. _ __ . ... _
e . SEY 8P, AND_ Ah,__us;_t‘:___s_&\)\‘ _AND _DILUTIOA) AILR ¢ONTROL . _ _

7. CALCULAT E__RAW_SAMPLE FLOW_RATE = m, = _0,00186 M, or e
READ m, _fvom ERC.  GRAPHR 4 . _ ) . _

B, TORN _OFF _\ CFM SAMPLE PumP AND INSTALL  CORRECT FLuozoPoes )
___FILTER

- 9. RECORD _ DRY GAS _METER.  READING . __. . . —_— -

10, SIMULTANEQUSLY _ START \ CFm >SAmPLE PUMP AND TIMER,
__RESET Ni S _FLOWMETER (LACFM),.  AND Nu. S CAUBRATION CURVE ’,
AND _ RECORD DATA_ AT IUDICATED \NTERVALS _ON SAMPLER OP's, SHECT

Il SHUT DOwN | CFM PUMP AND TIMER WHEN INDICATED OR IF FILTER PLUGS
161
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-Figure 15, Diagram of the Diluted Sample
Flow Rate
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IW-3718 -001
7/ie/14

SAMPLING RATE OATA § CALCULATIONS

PROGE e
LOCATION No. I.D, in AREA ,in* | AKEA , {4?
ni-vol (8210) | —  [3.47(Lund)| 940 0.0657
4+ 4 wnank ! 0.500 0.19( 0.0013(
y 0.500 0.19( 0.00130
3 0.5Vl 0.197 0.00137
. 4 0.501 0.197 0.00137
ERC nopir 2 0.263S 0.0SDS 0.000 3S0
3 0.2005 0.0310 _0.000219
4 0.3035 _ 0.0723 0.000$02
s 0.1S10 0.01719 0. 000124
b 0.100S _0.00793 0.0000SS)

TUNNEL CALLBRATIOA)

— Y —

time Tg P‘

counts [ Vs Pe )

Vsb = N of Llower ap of 2.€ v H,0

N= LY v 4x47 aydlin, 124 for WI-VIL ay@lam

1SOKINETIC SPEEDS

Q,(spl) M /Rs 2989 RERe -ty
AE-VOL T Vige® 1 Vo = L0 - A Gomble) €, A, Ganfpl) ™

_ 4:648 'f..?h,g _ 70.76 enl oR C/

Qs A (eompl) & e
_, 3 2
b ©2.75 e"éP.K sy"“,‘\ AP“ -Fov ek adic -[.\wo = Mﬁ’-
s L 4064 €on
4%47mm SYSTEM | Vi =110 Ngp 5w = LV £ o (o)
L = (X )V € "V ain '
- PROBE No,| TP T.D. en (x)
v 0.500 I 0 001§ |
2 0.S°0 | 0 0015
3 0.50( ( 0.0015%
4 0.501 J o 00152
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11-3718-00

7/18/74
ERC SAMPLER
ISOKINETIC RATE = \-IC/A )ExH.FLDNQb-/u\‘-\)
VENTURL Af, for 1SOKINETIC FLOW Pesbe No, [Teb LD, inf(1.1 YA)
2 0.263§ |0.00297
. .86 .
Fa=23.3 % AP, = (9.90%107%) M, Gletelions) 3 | 6.2005 |o.00186
C e Peye 4 0.3035 |0.00420
©.02 :
Po= vaviable: Akv ® PB? )Me, g 0.1810 5.00100b
o
— = e 0.1005 | 0.000467

0.49892

ENGINE AR FLOW RATE = M.= 89.60 !bbt) S M: M, + rb\_‘

Cov =292, M, = gzv.\-(“’/f )°'“°z, Drr < 0S % Lo 29.05p, « 29,0

. ;e 4842
{or ‘\_’=7o‘=’ Mg = 25.28 (AP)O , anor <« '\ for GOF «T =8BOF

DRY GAS METER. FACTIORS
Neo \ 2 3 a %5

FACTOR \Q27 1.0456 V.00 1030 }.0
¥ s vk wazd o ERC sawmbler
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_EXTRAPOLATION oF VENTUR! CumRVES —ERC

Pa® 29.3 Ky . K= 00094

DATA Ty =100F Qs ACFM |, s b

1 2 4 ® 'O - p-)b o ( )d
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T T T T T e0 6y o TeZ) T T T T -7 . )
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® 4
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CA LCULATION OF

AP, ‘N Teams

7/18/14

or— KNOWM QUAN TITIES

L N
) N Vea . b . & o S W
BASIC EQ: Ap Lpsi) =y Ria: ‘?__ b e T3 ,\_I_f":;% ’ A‘ 3.2 T;;?_
- e T TN Ty, oy et yiwe .
a * 21. 69»\\,_0 _
Lo _ Ab (\! “\ 0) Z1es _{‘g 2q—— 32.204 “:: Y pel - = 0. 5S9 (d“LVdﬂ-)
caek s Q‘ =0.07, Vgo= 625 Aph= 1 S2 am A,,o /(mmua)

. N= c?‘/»« .

-Q%JQQ Lo ap, = 0.559 {

— ..‘___

- Q
A,z 0559, (S2).

AIS“

e AL s A“ A;__o oozb? H*

Qe ALK =

-;;:-:) = (1.ss %10 4)(‘&(() a.\>—-—_-- - —

FOR _K_E.&=_KE*._:._£594V;__=__{.¢Q*V,: L. N=Q/A_,. AwcAs .

{Q‘

< (ussno) ¢, B X

QMQM,

’ ————— e e —— ———— PRp——,

.A.___ q'.._—._./ ———— .5_-_____/{5_.___.- o o --

- Qu_ Q. k/{u

e — il - _ -
Vs
R ORYUERTWE _,\t____gmk e
PR Lein D P oMy TLR , aswued s Both
e . o R e -] . FOR Paz29.3
Ce e e (‘3“’1':;) {Te ) NI T . -kTs)% -\
AP o= (20 14) -(m") 16, 40) .,) Ap, = 0.560)-—'—%‘5)
T T e A B O
F—UTLT:\—EK_ .M = 0.00186 _ M. _{on 0.2005 .1 X.O. 4—.;..\;1”2—__ —Mo-'(b»(.‘. B
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: e B/mad® s N AR
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T0 GENERATE

NOTE: T; USED HWERE

© 7,® on

DATA SHEETS

AP‘L \!_S APV wues" - Pﬂ- s, T‘ - T‘&

11-3718-001
2/19/74

AS PARAMETERS

P‘: 9.3

[

JeM

AP“ = Q-‘Muo" )

%
s
Vs
[T

£37
4\, 24 (ab, y

Me.

ap,. b.so mo"_ )

Ts

. L AYOIN 18
_;.,,v=@.oz4zs M,)' " - (9.90x1p ‘)Mlb

Vs (Apv )| 014

vy
de.

Tio® S30 R (J0F)

Ts

€190
SO
\0
6O
10
760

1.0 4
ap, = (&08ei0™) T;Y’(apv)""" = « (a¥b,)

K Ab“'bb,-o.‘l. Ap“\g\u:\ AP“‘Abe
Ll 2 0.29S L2 5941
1.882 0.3%4 1.8%2 b.12
2110 0.375_ 2,140 ¢.87
2.343 0.410 .34} 7.62
2.583 0.459 2.593 8.41
2.828 0.502 2.828 9.20

- OF
T S0 R | 0F)

Ts

S0
seo
6L0
6GLO
210
760

1074

‘t’“" (408 xt0™ ") T;v' Qh,)

K
LbSt
1.7
2.09¢
2.329
2.507
2.8\

- x &bv )|.014-

Ty = 550R (90 ¥)

Ty

si0
sto
Gt 0
L0
o
0

e (@03 x1070) T (ah, )

K

L.Ge |
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H-3718 - 00
s T,® on DATA 6

/19 /14
SAREETS

Pa." 29.3 (u“*"l)' R - - - -—-; - 1/, B 1 2 L - 1,074
Tee= 520 R (COF) I WA C U R (Y ) T Q\’v) = K(APV)

Te K

S\ 0 Lkl2

560 1.99¢4

10 2.123

6o . 2.358
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o, e e e~
} R D q - 1.8
=292 O, (194x0l) —Me ap=(9.90x07) M

da

NO CHRANGE  (ROUNDING ERRDR owLY , ~ O.1 °/~)
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GENERAL CON DITIONS AND LAMITS

29.0 L Ry & Ppa E?—’-‘."—-Aa,

o)
Nowr AAMM MWJ}N@ E0F £« T, & 300 F

ERC diluKirin ant W«I}wt@ LOF &« T, & BOF
ERC Aw\oﬂ_«ia M»-x-xb. X.D. = 0.2005

extAUST PIPE T.D. (wpdAsswn f munlflon) = q.875 2

ERC SAMPLE LIWE CON FAGURATION — _ SO mche bl 0. amoch 0.0. X3

© st It 028 gl 0.0, S5 30 mndhr Fombad ErRC Anmafols § /7y
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=378 -00\
1/22/14

DILUTION TUNN_E_F— op_r:__&_A_'r_t_yc- INSTRULTIONS

Hi-voL (BXi0 FILTER ) SYSTEM

SET AR, (ORIFICE N TAILPIPE ) = 2.05 in #,0 wWiTH ENGINE
OFF AND OILUTIOAN TUNNEL BLOIWER ON — SWITCH OFF
SAMPLE BLOWER

START ENGINE AND ESTABUSH OPERATING COADTION AS
QUICKLY AS POSSIBLE

START SAMPLE BLOWER,COUNTER,§ TIMER _SIMULTAN E0USLY | CORRECT &p .
AS NECESSARY DURING RUN _USING SPEED COoNTRoL

STOP SAMPLE BLWER ,CUNTER ¢ TIMER  SIMULTANEQUSLY AT END
OF RuN

4 xA47 mwm SYSTEM

a,

SET. FLOWMETERS  _whTR ENGINE OFF AS FOLLOW S, VSING .
CAL\B RATION _CORVES FOR METERS 1 — 4 (TUNNEL BLOWER ON):

- . \9,2
FLOWMET ERS L{ 2\ wm = /(T;-rﬁeo) }TO NEAREST 1% OF SCALE
"84 wmo= T3/, 400)

SWP PUMPS AND TAKE "BEFORE ™ DRY GAS METER READINGS , THEN START
ENGINE AND ESTABUSH CouDITION) AS QUICKLY AS POSSIGLE

STAET PUMPS, COUNTER , { TIMER SIMULTAAJEOUSLY °, CORRELT FLOWMETER
READINGS AS NECESSARY DURING RUN USING VALVES

STOP PUMPS  COUNTER, { TIMER SIMULTANEOUSLY AT END oF RUN
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APPENDIX I

PROCEDURES FOR DATA REDUCTION
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SAMPLER OPERATOR
FOR MULTIMODE RUNS

oate_/ [/

RUN

TIME (se)AT| ENGINE _TEMP's,°F Ap, in H 0 FLOWMETER R.|OR\FKE
MODE|START| END | RPM ["R° [T O TV @ [Tea D[ s @ o [ o Lol t [2]3]4]5] av
{
2
3
4
5
6
7
8
9
10
I
|2
13
5 FOR SINGLE -MODE RUNS (STEADY- STATE)
RPM= % LOAD = LOAD(¢) =
Time]Jrime,[  TEMP's, °F [ 4Ab,inH,0  [FLowMeTER R.JoRriFice ay PoniTioN
. sec | min Tl"@ R@R.@Ks@ ’:;I:.L h!muw ;l'gg’:l;i.r. 1]2]3]4]5] ap | [FP47-
] 2{A4a7-
s 3|A4T-
s 4|A4T-
. 5|FP47-
6 R|AR -
J DRY GAS METER
s BEFORE | AFTER
9 I
© 2
n 3
u 4
g Y
ENGINE ERC PROBE T\P 1.D.




081.

TUNNEL. OPERATOR paTe _/ /  RUN__ _
FOR MULTIMODE RUNS
TIME(ec)AT| ENGINE TEMP'Ss., °F [eLowed] [vawe 'rumscug! "NO, RAW | NO, orvTE
MODE|START] END | RPM [F04™] T.!'T.m ap | P, [carce[smaLL|Race[charT [Ranse[chaRT
|
2
3
A
5
© -
7
8
9
10
L
12
t3

‘ TUNNEL BLOWER COUNTS |
FOR SINGLE -~ MODE RUNS (STEADY - &TATE)
r RPM= %ULOAD = LOAD (1) = SAMPLING TIME, sec
‘TIME, TIME) TEMP's. *F BLOWER MVETU“S €Lo, NOx RAW | NO, DiLUTE
sec | min TR @[] T_m ap_| ®, [warce Jsmarc|rancefcnaer [ravasJewrT
'
2
3
4
3
®
7
8
?
"
uf
u
ENGINE FILTER(S)




FOR MULTIMODE RUNS

TIMEGex) AT ENGINE INTAKE AIR [RESTRICTIONS]| FOEL,
MODE|START| END | Rem (S NV [ D Thio| Teor [ has | im s | /o _
| ———
2 ] -
3 —_
4
S
1)
7
8
9
10
1|
12
13
FOR SINGLE-MODE RUNS (STEAOY - STATE)
RPM=______ %LOAD= LOAD(tbg) =
TIME, | T'ME, | INTAKE. AIR |RESTRICTIONS | FUEL,
sec. | miw :Pﬁ;o TE@ l‘g:r:g, e::\?‘n:t », /h .
[
2
3
4
5
6
1 - ——
8 —_ —_—
, - —_
10
i\
12 T o
ENGINE FUEL Pa= o Hy

WET BLULS -

FILTE

R(s)

o DRY 8BuLga

°r EXW SYSTEM

\
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DATA REDVLYWA PROCEDURES

n-371g-o001\

8/13/4

DATA

ONE VALUE PER YEST

OVE VALVE PER MODE

wt. of Po.v-“'\'u.\ikt in 5' GAK LGt 6

47y *TERC.

botal sanpling time =(time) = Theeme)i see
blawer counts = Qg . - .
blowes rote tu counts/see =R = V({mg) .

atwmosphevie prestune = bn. ("\_‘_\3)__ —-

inideal oy aes. meter vt MlMS; = V:J ,N‘____

_vaw NO, esmeentoation =(NOL), b=
Lilute NO, conrentvation=(NO), , bp=
engine air oniftee Ap= AP, , xR0
trgine aty '\‘-_ubcn*uvl‘ Te ,°F
__blwer ;_a_\d'_hn\ntﬁuv*( « T, °F

fime o mule =ltema); | s

femal * T, __'V,_sﬁf_____ __eepine faal ste - M, e

naumber n" woles = N

hi-vel orifree ap = AR
hi-vol on-{.(u_ ‘h-..k-urc“'mf{ Tov. , F____

i\“b

e ® 1326 P_"/(Tgmt.o) 'L‘/h‘_

Mo = 89.60 (Ab €¢ )‘_‘qm' “"7_/..«-\

M= g ine tx\uus‘l‘ waatk. J:lw_ Mg+ M‘, /60 ( '7’—.“)
- — 0,

E = eaxhoust {-\-w %f.ualﬂ "\-uuuq.\ = E"’D LE'O-D) QE D)& )
l R

FOR H\-vOL S‘.ANLPLES ONLY

o
Mg = mass {-low J hi-vol :aub\t =_4.65 LAPo&‘Qu._)o b Am

- - 4w emen e e — ———————— s = e ———— ———— e ————————— = =

" 230600 C G". TrovaC eExur Mass) 3600 Ganr

w Lor®

|'$2‘(,P

-
- 2,-(*"‘0- (kime);

120.'52%0)

',uv‘hudd‘g sm{syion .rc*( G/k')

T () (o aaw £XRY T ko) Z,(M-;)L«-d (=)

1.586x 10° Gu.

Sk ¥

povtienl abe wontantpation C‘Ay,;! @ 29.92ix l\aﬂ 21 ‘Q) =
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{\-371§-00
8/A3 /14

FOR 4] wmum U\WNEL) SAMPLES onLY

-\q*¢3m'\;{ rmass $low %vousk Gltaw 5 = "\SULM)
~ m(dette 1) = 00983 (Vo =V )
m, (ilker2) 20,0767 (Ve -Vip) the
wy (filter 3) < 0.0169 (Vay -Vi3) thee
e (Cter #) = 0.0765 (Nue-Vie) Voo

’ o ) 0 Gaij 2’(M") ('Eh“)
P&0+f wlate emisston wate Ls/kr) g —-—
E\MQ)

e e e m e aen —_—— "Lt '“) Zu"“'-) E?b)

e - _G_“_'__‘&LM«-) (i'\-«-)

- e —— ——— - M‘

. o -___ o -E(it-t) (EH))

Jp———

=l

- (2. 643 x10%) Gans (tiwme)
Pu‘i‘w.\u‘u. toutu\*va‘hov\ k'\/m @ 29.92:uH Qll c ) =

o - E(*MQ Lﬂ)

e |

FOR ERC 47 mm SAMPLE S ONLY (sh..ay—dd« conditoous ouly )

.68 xlo’) Gera

Q.—.c-w.)

Pmuum etmission pate (5/‘“) =

(4.26¢3%0") Gere
Me (’\"ﬂh{)

pavtienl ata concant ra’\‘\‘oq_L“B_/uf @ 29,92 i “35 Z—I°C) =
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R R N

PAGE __1 OF 2

[1[2]a]a [5]6[7] e alrdr rrdrdis]ressrerefalafozzzes 25126 2728fzo3q 31373334l 35]36i3 73 30fa0]a aAadadaclagarsae o515 2535455565 sds9m0(6 11626 36485(666 7 6ds0l70[71]72 7374757617 7787 980
?V%N SEQ [*ATE RPM L?AD | FILTER CODES BY POSITION
ol : NO 1 — R NQ. 2 NO |3 i NOl4 ! NOS
d—ddd| mm/ldd/yy dddd]dld dla a d]:d|—dddd :
FL D DA T AT LT TR D T T T U= T = TR PRI g i
FUEL , ‘ PARTICULATE WEIGHTS : o TOTAL
CODE GIAR OR G471 Gay2 T E Gh7a GERC pA i FIME N
ddd d |dddddd i i dd{ dd]d didd dd|dijddd d dd
opfell T{lef T[TV LRI PGP IA TP PR e vyt " i ritaft ]
: | . DRY|GAS METER READINES

Vi1 v21 vi2 v22 V13 V23 L V14 V24
dd d. dd d I

JORERRSINBRREN 1EAERERENRNNNNNNNANNARANEANS SUSREN) ANRNEED SOUTHWEST RESEARCH

ENGINE CQDE

TIME (N MODE INSTITUTE

1 2 3

l 4 5 6 7 8 9 10 " 12 13 DEPARTMENT OF
dld EMISSIONS RESEARCH

el T OO I T LTI TT] | oesew ramncuere

ORIFICE TEMP. BY MODE ! GRAVIMETRIC ANALYSIS

1
1 2 3 . 4 5 6 7 8 9 _10 1 12 13 PROJECT 11-

Mogmmm OO IO O OO T IITIITI | eheepensy =

DATE ENCODED
NTAKE AIR TEMP BY MODE

1 2 3 4 5 6 7 8 9 10 11 12 13
[ |

; d d|d ,

ofe| [ [eeel [ Lt LT AT T e e 0 il
! BLOWER INLET TEMP '8Y MODE H
; 1 2 3 'a 5 6 7 8 'g 16 M 12 13

OEREGE N ERNE EEE IS S S nANa ANRN AR NN ERERRER 1T




S81L

d & 1 1§

PAGE —2

2

OF

1]2]3]4[5 6I7lslean!ulJmlw15]17]18]142 z1|22{z:424[2;[fzs|27‘za!29k031}32{3:43&;5 36{37[3434@041'4343’444 447{4449{50!51,5{5:454]545457!5459‘60!61!szisskaksumka[sslm 71'72}73}74]751477[78!7*&
F:'L(J)N SEQ I ORIFICE AP FOR HI-VIOL SAMPLE BY MODH g I
N L 2 3 4 5 6 7 8 9 10 1 12 .13 !
FLL L Jelelm o L L] T T O T O T T T :al!
| , ENGINE FUEL RATE IN LB*-,/HR BY MDDE j
dd‘l - 2 3 !4 5 6 7 8 i9 1p 11 12 13 i
S CCCOCEE AREN AR NN RARNRRRA ERRR NN RERA RARARRRRRA R URRR RRRR |
| | ENGINE AIRFLOW QRIFICE ~P;BY MODE ' !
3 2 3! 4 5 6 7 | 8 9 10 | 11 12 13
ool folelel [ Y TTL AT L Uy PPl il Il diy] Ilifili!! IERERARNER
DILUTE NOxICONCENTRATION IN|PPM BY MODE
dd1d - ‘2 3 4 5 | 6 7 8 9 10 | 11 12 13
felwobd [ LU AT T I T T e T A iy eyl
R AW NOx CONCENTRATION IN PPM BY MOQE
5 1 2 3 a 5 6 71 8 9 10 1! 12 13
dd d|d ; |
Celedednfel T LTI T T O L P TP T T T T T T T T O T T O T (T




090003
000003
000003
000003
guoo03
0onoe3

guooon3
00n005
ocoole
g0o0ol
panoa4

009026
0010%7?
00005e
00005b

goulle

0o00Ql3e
00013%
000135
ouol3b
ganNl%n
0001%1l
000142
000143
009214%b
0u01Ss1
000153
000154
001155

000173
000177
000212
000214
000229
000230
00Nn257?
000267
000271
000304
000314
po0324
0uUD3%0
000341

000355

O0O0OoOOO0O0O0D

c

301

PROGRAM RATECC(INPUT,OUTPUT,TAPELO=INPUT)
DIMENSION TOR(13),DPE(13),TEC(13),FUEL(23),RNOX(13),0NOX(13)
DIMENSION TB(13),0POR(13),TIME(1I)
DIMENSION EXHC13),AIR(C13),FLOWDR(C13)
DIMENSION SAMP(%),ENGCODE(2),IFLTRS8(S),6J(S)
EQUIVALENCE (GJ(1),G421)r(GJ(2)»64722)s(6J(3)r56%73),(GJI(4)rG¥?%)
EAYIVALENCE (GJ(5)sGERC)
INITIALI ARRAYS T
00 L I=1,13 zE Y 0 ZERO
TOR(I)=DPE(I)=TE(I)=SFUEL(I)=0
RMOX(I)=DNOX(1)=TB(I)=DPOR(I)=TIME(I)=0
EXH(I)=AIR(I)=FLOWOR(1)=0
CONTINUE
READ HEADER CARD
READ(b0,100)JRUN,JSEQ,JDATE, JRPM,LOAD, IFLTRS, ENGCODE
IF(EOF,Bb0) 80, 2
PRINT 20C
o N
PRINT 201,JRUN,JDATE,ENGCODE, FUELC,LOAD, JRPM
1S=1HS CHECKX FOR FILTERS
IERC=0
IFCT=1
IFCIFLTRS(2)  NE,9H ) GO 70 3
IS=1H
GO TOo §
IFCT=2
IFCIFLTRS(3) NE,9H JIFCT=3
IF(IFLTRILT) o NELAH JIFCT=4
IFCIFLTRS(S).EQ,9H G0 YO0 S
IERC=1
IFCT=5
PRINT 202,18,(L,IFLTRS(L),L=1,IFCT)
IF IS=BLANK THEN THIS I8 A 8X10
SAMPLING SYSTEM,
IF IERC=1 THEN THIS IS8 AN ERC
SYSTEM,
THERE SHOULD BE A PARTICULATE
VALUE FOR EACH FILTER SO LETS

IF(IS.EQ,1H )GAR=G4?71 60

PRINT 203,(GJ(L),L=1,IFCT)

IF(IS.EQ.1H ) GO 70 b

PRINT 20%

IF (KRUN_NE,JRUN_OR,KSEQ NE 2 G0 TQ 8
READ(bO,1U2)KRUN,KSEQ,V11,V21,V12,Ve2,V13,val3, Vi, vay
IF (FRUNGNE « JRUN,OR,KSEQ,NE .3 GO TO 8

IF(IS.EQ,1H ) GO TO 306
PRINT 205,V11,V2L,TOTIME,PA
PRINT 206,v12,v22

PRINT 207,V13,V23

PRINT 208,V1%,V24,C8,N

G0 TO ?

30b PRINT 218,TOTIME,PA,CB,N

READ REST OF DATA FOR ALL MODES

7 READ(b0,103)KRUN,KSEQ, CTIMECL), I=1,N)
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n00374
000404
000422
000%32
000450
0004%60
000476
guasae
000524
000534
000552
000562
000600
000616
000626
none3k
0006SY

ouagbbY
000670
gu0?00

000702
0007086

000?235
000736
000?42

0007?75
0007?72
00inol
00loll
001015

ouiol?
gulqgel
o0lo2e
ouleel
gulpas
001734
001037
o0l ot4
0aln%b
001053
00105%
001056
001057
001062

ouioge3
001065
0 1c?0
gol0?l
gulopve

o0

IF(XRUN NE.JRUN,OR.KSEQ.NE. %) GO TO 8
READ(CBO, 1U%)IKRUM,KSEQ, (CTOR(I)» I=1,N)
IF (KRUN_NE, JRUN,OR,KSEG_NE,S5) GO TO 8
READ(60,1US)KRUN,KSEQ, (TECI),I=1,N)
IF(KRUNJNE,JRUN,OR,KSEQ. NE.b) GO TO 8
READ(b0,106)KRUN,KSEQ, (TB(I)rI=1,N)
IF (KRUNNE,JRUN,OR.KSEQB,NE,?) GO TO 8
READ(bLO, LU?)KRUN,KSEQ, (DPOR(I),I=1,N)
IF (KRUN_NE,JRUN_,OR_,KSEQ_,NE _B8) GO TO 8
READ(b0,1U8)KRUN,KSEQ, (FUEL(I),I=1,N)
IF (KRUN_NE, JRUN OR,KSEQ.NE.9) GO TO 8
READ(60,109)KRUN,KSEQ, (DPE(I), I=1,N)
IF(KRUN NE . JRUN,OR.KSEQ.NE,10)GO TO 8
READ(60,110)KRUN,KSEQ, (DNOX(I),I=1,N)
IF(XRUN NE,JRUN,OR,KSEQ,NE, 11)GO TO 8
READ(60,111)KRUN,KSEQ, (RNOX(I),I=1,N)
IF (KRUN(NE, JRUN,OR,KSEQ,NE.12)GO YO 8
IF 18=8 THEN TOR AND DPOR ARE
BLANK
[F(IS.EQ,1HS) 19,10
8 PRINT 209,KRUN,XSEQ

STOP 19
$X%? SAMPLE OUTPUT FORMAT
9 PRINT 210
1 rIS1,N)
GO 10 11

10 PRINT 212
PRINY 217,(TIME(CI),TOR(I),DPECI),TECI),FUELCI),RNOX(CI),DNOX(I)
1 ¢y TBCI),0POR(I)»I=1/N)
CALCULATIONS COMMON TO ALL
SAMPLE TYPES
11 R=CB/T0TIME

00 12 I=1,N
AIR(I)=102,7a(DPE(I)*PA/(TE(I)+%b0,))xx,4B4%2
EXH(I)=AIR(I)+FUEL(I) /b0,

12 CONTINUE
CALCULATIONS FOR HI=vVQL
IF(IS.EQ,1HS) GO TO 1%
SMEXTI=0,
SMFLTN=n,

D0 13 I=,N
FLOWOR(I)=5,35*(DPOR(I)XPA/(TORCI)+4560,.))*%x,5
SMEXTI=SMEXTI+EXH(I)ATIME(I)
SMFLTN=SMF_TN+FLOWOR(T)*TIME(T)*DNOX(I)/RNOX(])

13 CONTINUE

PER= 360U ,*GARWNSMEXTI/TOTIME/SMFLTN

PRM= PER/GAR

PC= 1,58bE+8xGAR/SMFLTN

PCM=PC/GAR

PRINT 213

GO TO 19

ERC SYSTEM

1% IF(IERC.NE.1)GQ TO 16

PER=9.,68E+?*GERC/TOTIME

PRM=PER/GERC

SUMEXH=0,

00 15 I=i.,N
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001073
eelo?s
001077
001104
nol10s
001119

gollll
001113
001117
gollel
001123
0oll2s
001130
00l132
001135
001137
0011%1
001144
0011%b
0011%?
001150
001151
00115%
001160
oollee
go0llbY
001170
001172
001175
001177
001203
001205
ool221
golaal
oolaeat
0012%0
0012%1
gola%e

001244
001244
001244
001244
oolau4
0012%4
001244
QuJ 244
001244
001244
gol2%y
QolL24%

001244
001244

00124%Y

SUMEXH=SUMEXH+EXHCI)

15 CONTINUE
PC=%_,2b3E+122GERCaxN/TOTIME/SUMEXH
PCM=PC/GERC
PRINT 21%

60 TO 19

16 vEV21eV1L ¢ X %7 SYSTEM
IF(Vv.LT,0)V=V+100,

SAMP(1)=,0753»V
vavea=-Vvie
IFCV LT, 0)V=V+lp0,
SAMP(2)=.U0?872Y
V=Vv23=~V13
IF(V,LT.0)V=V+lp0,
SAMP(3)=,U0758rY
VSV24eylH
IFCv,LT.0)Vv=Vel00,
SAMP(%)=,0755xV
SMEXTI=n,
SMTINO=0,
DO 1?7 I=1,N
gm$§15=gM$xTI+EXH(I)*TIME(I)
=SMTINO+TIMECI)AONOX

17 CONTINUE ONOX(I)/RNOX(I)

RATIO=SMEXTI/SMTINO * b0,
PRINT 215
DO 18 J=1,%
PER= GJ(J)*RATIO/SAMP(J)
;Rm: PER/GJ(J)
C= 2.b43E+6*GJ(JIJI*TOTIME/SM
Pemeotrere s IME/SMTINO/SAMP(T)
PRINT 216,PER,PRM,PC,PCM

18 COMTINUE
GO TO 20

19 PRINT 216,PER,PRM,PC,PCM
IF(G4?2 ,NE, 0) GO TO 16

20 GO To 301

80 STOP lo00

100 FoanAT(As,xe,As,A»,Aa,SAq,Axo,Aa)xNPUT FORMATS
101 FORMAT(AS5,I2,A6,5F8,6,F5,2,Fb,0,Fb,1,8X,12)
102 FORMAT(AS,12,8F7,3)
103 FORMAT(AS,12,5X%X,13F4%,0)
10% FORMAT(AS,I12,S5%X,13F%,0)
105 FORMAT(AS,12,5X%X,13F%.0)
106 FORMAT(AS,12,5X,13F4%,0)
10?7 FORMAT(AS,12,S5%X,13F4%,2)
108 FORMAT(AS,12,5X,13F%,1)
109 FORMAT(AS,I2,%X,13F5,.2)
110 FORMAT(AS,I2,4%X,13FS,.1)
111 FORMAT(AS,I12,%X,13FS,0)
OUTPUT FORMATS

200 FORMAT(»l TABLE PARTICULATE EMISSION RATE AND CONCEN

LTRATION CALCULATIONS® )

201 FORMAT(30X,*RUN #,AS5,2X,A8 /15X, %ENGINE *,A10,A3,*
1 * LOAD #,A3,% RPM %,A% )

202 FORMAT(»U FILTERw,AL,I2,1X,A9,%(13,1X,A9))

, 188
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aulaty
cola24y

oul24y
galavh
oglauy

00l2%4
golasy
001244
00J24%Y4
oule4y
0012%4
001244
golaky

galzuwy
olla+4

gole4"

oulakh

203 FOR“AT(=»0
20% FORMAT (w0

PARTICLES#,Fl0,b,%F13.6)
DRY GAS METER READINGS INITIAL FINAL

1IME ATM PRESSURE~®)

205 FORMAT(w
206 FORMAT (=%
20?7 FORMAT(%n

1x,FB.3,F9,3,Fl%,1,F13,2)

2x,F8,3,F9,3)
3%,FB8,3,F9.3, *

1COUNT nNO. OF MODESY)

208 FORMAT (=%

210 FORMAT(»O
1 TB«)
211 FORMAT(=
1Fe.0 )
2l2 FURMAT(=0
1l T8 OPOR®)
21?7 FORMAT(=a
213 FORMAT(»0
2lY FORMAT(®0O
215 FORMAT(xan
elb FORMAT(=»0
1 ”
e *
3 *
218 FORMAT(»O
100ES%/
END

TaTAL i

BLOWER

“*’FB.B'FQ.apFLSQUQ 110)
299 FORMAT(w CARD OUT OF SEQUENCE «,AS5,I3)

TIME OPE TE  FUEL RNOX
x,Fv+,0,F8,2, Fbo,0, F?,1, F9,1,

TIME TOR OPE TE FUEL RNOGX

ONOX

qull

DNOX

*'F”.°'F7.00F7.2'Fb.°' F?.lp FQ.I,FQ.I,F&.O,F?.E)

Hl=VOL%)
ERC SYSTEM=)
4 X 47 SYSTEM=)

PARTICULATE EMISSION RATE =% ,Fl2

MULTIPLIER =x ,F10

PARTICULATE CONCENTRATION =« ,Fl0

MULTIPLIER =x ,F10

TOTAL TIME ATM PRESSURE BLOWER COUNT
F17,1 sF15,2 ¢eF15,0
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TABLE PARTICULATE EMISSION RATE AND CONCENTRATION CALCULATIONS
RUN 2=000 08/21/7%
ENGINE 0,0,6L21=T FUEL EMlesF LOAD RPM COMP

FILTERS 1 FP47=1b8 2 A47-179 3 AV?«l180 % A4?7=181

PARTICLES .000929 .001838 ,00187?3 .001911
DRY GaS METER READINGS INITIAL  FINAL TOTAL TIME ATM PRESSURE
1 84630 164157 237%,3 29,48
2 %3.b%3  b2,8%0
3 71,358 90,827 BLOWER COUNT NO. OF MQODES
4 58,338 78,432 %801 11
TIME DPE TE FUEL RNOX DNOX T8
198 2.70 6? 11,0 85,0 3.9 ?S
183 2,30 5?7 23,0 240,0 11,2 ?5
208 2,70 69 45,0 503.0 24,7 8n
222 3,40 b8 68,0 855,0 4.6 86
240 %.30 69 85,0 1152,0 63,5 95
182 e 15 20 1.5 191,0 5,9 Q9
23S 8,40 71 104,0 1172,0 93,5 9%
238 6,80 71 78,0 883,0 3.5 109
23% 5,50 72 sq.p S41,.0 34,8 106
21k %.50 70 %%,0 273,0 16,3 99
219 3.80 0 19,0 955,0 bel Q3

% X %7 SYSTEM

PARTICULATE EMISSION RATE = 99,18
MULTIPLIER = 106762
PARTICULATE CONCENTRATION = 89157
MULTIPLIER = 95970825
PARTICULATE EMISSION RATE = 75,54
MULTIPLIER = %1096
PARTICULATE CONCENTRATION = 67900
MULTIPLIER = 3694259%
PARTICULATE EMISSION RATE = 76,70
MULTIPLIER H %0949
PARTICULATE CONCENTRATION = 68945
MULTIPLIER = 36Blp%1%
PARTICULATE EMISSION RATE = 6,22
MULTIPLIER = 39886
PARTICULATE CONCENTRATION = 68518
MULTIPLIER = 35854426
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TABLE PARTICULATE EMISSION RATE AND CONCENTRATION CALCULATIONS
RUN 3=0n00 08/13/7%%
ENGINE D,D,6L21=T FUEL EM198F LOAD RPM COMP
FILTER 1 AR=7?73
PARTICLES « 097900

TOTAL TIME ATM PRESSURE BLOWER COUNT NO. OF MODES

2375,5 29,45 64968 11
TIME TOR DPE TE FUEL RNOX DNOX T8 DPOR
198 76 1,8S 72 %,0 80,0 3,5 29 2,05
183 8% 2,00 2 22.0 235,0 10,3 81 2.05
208 88 2,30 72 40,0 $95,0 22,5 85 2,05
222 {2 3,20 ?3 85,0 830,0 $2,0 Q@ 2,05
24%0 9% 3,90 76 81,0 1050,0 58,0 99 2,05
182 aq W14 76 2,0 220.0 be2 2 2,05
235 101 ?.50 76 102,0 1037,0 80,0 105 2,05
238 106 5,50 7?7 80,0 825,0 59,0 110 2,05
234 108 5,20 28 61,0 520.0 31,0 10?7 2,05
216 10?7 4,30 79 28,0 262,0 14,5 101 2,08
219 105 3,60 7?7 20,0 100,0 5,2 s 2,05
HI=VvOL
PARTICULATE EMISSION RATE = ?73.,1%
MULTIPLIER = %7
PARTICULATE CONCENTRATION = 68832
MULTIPLIER = 70308%
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Appendix B3/

SOUTHWEST RESEARCH INSTITUTE

8500 CULEBRA ROAD + POST OFFICE DRAWER 28510 « SAN ANTONIO TEXAS 78284

September 10, 1974

TO: Dr. Ronald Bradow, Project Officer
Environmental Protection Agency
Research Triangle Park, North Carolina 27711

FROM: Charles T, Hare and Karl J. Springer
Department of Emissions Research
Southwest Research Institute
8500 Culebra Road
San Antonio, Texas 78284

SUBJECT: Monthly Progress Report No. 14 for the period August 1
to August 31, 1974; Contract No. 68-02-1230, "Develop-
ment of a Methodology for Determination of the Effects of
Diesel Fuel and Fuel Additives on Particulate Emissions, "
SwRI Project No, 11-3718,

PREPARED
FOR: Environmental Protection Agency
Research Triangle Park, North Carolina 27711
Introduction

The purpose of this project is to develop and demonstrate a test
procedure suitable for characterizing the effects of diesel fuels and fuel
additives on particulate emissions from automotive (truck and bus) diesels.
The scope of this work includes construction and use of a dilution tunnel
for diesel exhaust, use of a variety of particulate sampling devices and
techniques, and application of a wide range of chemical analyses to diesel
particulate, This report covers the test protocol which has been developed
to meet proje<t objectives, including all assumptions and calculation tech-

niques,

Progress During the Period August 1 to August 31, 1974

The initial batches of samples have been analyzed gravimetrically,
and a number of samples have also been analyzed for total organic solubles,
BaP, IR spectrum, S-C-H-N, and metals., Several samples of organic
solubles have also been analyzed for S-C-H-N-O and hydrocarbon boiling
point distribution. This progress report contains these initial analytical
results; and while some '‘gaps'' certainly exist at this point, the data show
some very interesting trends,
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Initial Gravimetric Results, Detroit Diesel 6 L-71T

A gravimetric determination is being made on every filter run
during this program, with resolution to 1 4 g of particulate for 47mm
filters and to 0, 1mg for rectangular (hi-vol) filters. A computer pro-
gram has been set up to calculate total engine emissions in g/hr and
raw exhaust particulate concentrations in.l(g/rn from the particulate
weights and operating variables. A number of samples have been pro-
cessed by computer, mostly those collected on hi-vol filters, and average
results available at this point are summarized in Table 1. Note that
concentrations are expressed in mg/m3 rather than 4g/m3 to make the
numbers easier to handle. For the few runs already processed using
47mm filters, agreement with the hi-vol results seems reasonably good.

Initial S, C, H, N, and O Results, Detroit Diesel 6 L-71T

Quantitative determinations of S, C, H, and N on 20 sets of filters
were conducted by Galbraith Laboratories, along with quantitative S, C, H,
N and O on 4 samples of organic solubles. The results exhibited quite a
bit of variability, some of which was expected due to the range of operating
conditions and fuels used. The values submitted by Galbraith are presented
in Tables 2 and 3. Although no detailed analysis has been conducted, it
appears that the particulate samples from runs on fuel B exhibit higher
sulfur content than those from runs on fuel C. It also appears that the par-
ticulate carbon content is higher for fuel C than for fuel B,

Initial Results on Total Organic Solubles and BaP

As at the end of the reporting period, total organic solubles and
BaP have been determined for 10 samples. Results of repeatability
checks and ''spiked'' filter runs are not available now, but they should
be by the end of September. Organic solubles /BaP results are given in
Table 4, in addition to emission rates and raw exhaust concentrations of
BaP calculated from (tentative) operating data. Variability in the BaP
data is rather high, and it is hoped that some of the ''checks'' noted above
will point out some of the sources of variation.

Initial Results of Analysis for Particulate Metal Content

Rather than re-tabulate the data on metals found in 14 samples by
Scanning Electron Analysis Laboratories, their data as submitted have
been reproduced and are included as Appendix page A-2. Thus far, no
functional relationship between metal content and operating condition has
been discovered, but more data should help to illuminate this area. With
the exceptions of lead in two samples and an (apparently fluke) amount of
Barium in one sample, Zinc is the only element found in substantial
quantity. It is suspected that this material may originate in the lubricating
oil, and procedures are being instituted to check on this suspicion. The
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TABLE 1. INITIAL AVERAGE* GRAVIMETRIC RESULTS, HI-VOL (GLASS FIBER)
FILTERS USED FOR TESTS ON DETROIT DIESEL 6L-71T

Fuel B Fuel C Fuel A Fuel A + DII-2
Operating Condition g/hr mg/ m> g/hr mg/ m3 g/hr _rﬂg/m3 g/hr mg/m3
Idle 9.16 45.6 7.8%% 36, k* 3.9 21, 4.3 20.
1600 rpm - 0% load 42,2 55.0 41,6 54,3 --= --- --- --
1600 rpm - 25% load 48. 62, 62, 74. --- --- --- --
1600 rpm - 50% load 83, *x* 95, ** 76, 2 84,4 59. 65. 62, 67.
1600 rpm - 75% load 87. 88, 78. 77. --- --- --- ---
1600 rpm - 100% load 102, 89.0 89. 77. .- --- --- --
2100 rpm - 0% load 63.4 59.6 72. 67. - - .- -
2100 rpm - 25% load 69 . 61. 34, 29. -——- -—— - --
2100 rpm - 50% load 114. 89.8 110. 89. --- —-- -—-- --
2100 rpm - 75% load 110, 80. 120, 85, --- -—- -—-- --
2100 rpm - 100% load 144, 90. 4 --- -- --- --- --- --
Composite 86.7 79.0 76. 4 71.9 82. 76. 76.1 69.4

*points representing only one run contain 2 significant figures
**unacceptable variability, 2 significant figures shown



TABLE 2.

INITIAL SINGLE VALUES FOR S, C, H, N, AND O

IN ORGANIC SOLUBLES SAMPLES BY OPERATING CONDITION,
DETROIT DIESEL 6L-71T ENGINE AND FUEL B

Operating Condition

Idle

1600 rpm - 50% load
2100 rpm - 100% load
Composite

TABLE 3,

Operating Condition

Idle
1600 rpm - 0% load
1600 rpm - 25% load
1600 rpm - 50% load
1600 rpm - 75% load
1600 rpm - 100% load
2100 rpm - 0% load
2100 rpm - 25% load
2100 rpm - 50% load
2100 rpm - 75% load
2100 rpm - 100% load
Composite

Percent of Species by Weight

in Organic Solubles

INITIAL SINGLE VALUES FOR S, C, H, ANDN
IN PARTICULATE SAMPLES BY OPERATING CONDITION,
DETROIT DIESEL 6L-71T ENGINE

Wt, % - Fuel B

Wt. % - Fuel C

C H N ) Z %o
85.5 13.2 0.20 0.32 0.73 100.0
83.3 12,8 0.36 0.18 3.4 100.0
78.8 11.7 0,70 0.25 8.4 99.8
82.0 12.4 0.20 0.77 4,5 99.9

C H N S Z% C H N S Z%
60.9 7.7 «0.,1 3.0 71.6 68.4 9,1 «0.1 2,1 79.6
69.1 10.3 1.0 2.1 82.5 73.3 11.1 0.1 0,7 85.2
76.8 12.8 1.0 2.6 93,2 -- - - e ==
63.5 10.9 «0.1 2.9 77.3 77.2 10.7 0.3 0.6 88.8
71.1 10,5 0,3 2.1 84,0 -—- -- . m= ==
66,7 8.8 0.8 2.3 178.6 175.0 ? % 0.1 0,5 ?=*
66.6 9.8 0.8 1.8 179.0 72.7 9.7 0.9 1.0 84.3
65.9 10,4 <0.1 2.8 179.1 - -a -- - ==
65.8 9.8 20,1 2.4 78.0 77.6 11.7 0,6 0.6 90.5
69.9 ? %<0,1 1.6 ? * -- -- -- . --
70.7 10.9 0.4 2.2 84.0 74.5 12,0 «0.1 0.9 87.4
71.8 10.0 0,3 2.0 84,1 75.0 11.3 <0,1 1.7 88.0

*indicates questionable data
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TABLE 4. INITIAL DETERMINATIONS OF TOTAL ORGANIC
SOLUBLES AND BaP, DETROIT DIESEL 6L-71T ENGINE

wt.% BaP in Extract wt. % BaP in Particulate

Operating Condition Fuel A Fuel B Fuel C Fuel A Fuel B Fuel C
Idle 0.0247 0.0126 0,0148 0.0093 0.0036 0,0063

1600 rpm - 50% load 0,0188 0.0122 0.0172 0.0136 0.0061 0.0124

2100 rpm - 100% load  --- 0.0127 --- --- 0.0066 ---
Composite 0.0137 0.0265 0,0088 0.0087 0.0117 0.0054

Operating Condition

BaP Emissions, 4 g/hr

BaP Conc., «l(g/m3

Fuel A Fuel B Fuel C

Fuel A Fuel B Fuel C

Idle 365. 299, 256, 2.00 1.58 1.44
1600 rpm - 50% load 7980, 4160, 9120, 8.82 4,79 10.2
2100 rpm - 100% load  --- 9880. --- --- 6.20 -

Composite 7170. 9600. 3950. 6.64 9.01 3.72

data on metals are expected to be more revealing when fuels with metal-
containing additives are used.

IR Spectra and Paraffin Boiling Point Distribution

Infrared spectra have been run on the same samples for which BaP
data were presented, but the traces have not yet been reduced in size suf-

ficiently for inclusion in this report.

The major results appearing so far

seem to be indications of some carbonyl and hydroxyl groups, but solvent

interference is causing problems in some areas of the trace.

are being made to refine the technique where necessary.

Efforts

Separation of the paraffin fraction from the remainder of the organic
solubles is going well, and a few samples have been analyzed chromato-

graphically.

It appears thus far that most of the paraffins are out of the

normal diesel fuel range (nominal C2¢ as compared to nominal C;¢ for

fuel), and work is underway to come up with a tracer compound which

should tell us whether or not the paraffins are related to the lubricating

oil.

The major problem with the tracer thus far is that components like

n-tetracontane (C4(0) would cost some $1000 for enough to treat the oil

at a 1% level.

Project Schedule

Despite good faith efforts to conclude the technical effort within the
time allotted under modification no. 1 to the contract (68-02-1230), it now
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appears that another no-additional-cost time extension will be necessary to
accommodate the test operations, The current date for the end of the
technical effort is October 23, 1974, and the date for end of contract 1s
February 22, 1975, The memorandum initiating action to request a three-
month extension on the above basis has been submitted, and a copy is
included as page A-3 of the Appendix.

Possible Problems and Corrective Action

The only problem remaining at this time is interferences in the
Phenol analysis, and action is being taken to find a solution., Several
filter treatments and new environmental control for the filters are being
tried, and the results should be available during the next reporting period.

Plans for the Next Reporting Period

It is planned that sample acquisition and analysis will be continued,
and that all gaseous emissions and smoke tests on the Detroit Diesel
6L-71T engine be completed.

Submitted by:

Q)Olaﬂ-QuT’bAgM._ <) 9 zs

Charles T. Hare Karl J. Sp
Manager, Advanced Technology Manager
Department of Emissions Research Department of Emissions Research
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RESULTS OF X-RAY FLUORESCENT ANALYSIS
DIESEL EXHAUST PARTICULATE ON FLUOROPORE FILTERS
(in micrograms per square centimeter)*

ELEMENT Ca ¥ Mn Ni Cu Zn Pb Sr Sn Ba
M.D.L, ** 1.70 0.38 0.49 0.16 0.10 0.12 0.22 0.22 0.62 2.59
Sample
Identification
S-1 FP47-107 - - - - - 3.00 - - - -
S-2 FP47-113 - - - - - 1.94 - - ~ -
S-3 FP47-105 - - - - - 0.54 tr - - -
S-4 FP47-141 - - tr - - 0.57 tr - - -
S-5 FP47-142 - - = - - 2.49 0.39 - - 2.80
S-6 FP47-144 - - - - - 3.16 - - tr tr
S-7 FP47-145%%* - - - - - 0.87 0.30 - - -
S-8 FP47-170 - - - - - 1.29 tr - - tr
S-9 FP47-171 - - tr - - 0.33 - - - -
S-10 FP47-172 - - - - - 2.85 tr - - -
S-11 FP47-174 - - tr - - 6.09 tr - - tr
S-12 FP47-175 ~ - - - - 1,89 tr - - -
S-13 FP47-166 - - - - - 2.95 tr - - -
S-14 FP47-168 - - tr tr - 1,95 Tr - - -
* Analyses in which counts were obtained for an element but were equivalent to less than the
minimum detectable 1limit are noted by "tr'" (trace); a '"-" denotes that no X-ray counts were

detected.
*x Min:.Lmum detectable %irpi; = 2‘V Background Counts X (Concentration)
x*¥ Estimated 1.0 ug/cm” iron present Peak Counts



MEMORANDUM September 20, 1974
FROM: Charles T. Hare

TO: Vince Krause

RE: Project 11-3718, Contract 68-02-1230

Request for time extension at no additional cost

We would like to request a 3-month time extension at no additional
cost to the sponsor on Contract No. 68-02-1230., The reasons for this
request are:

l. technical difficulty with development of and contracting
for chemical analytical procedures;

2. longer-than-anticipated tests to acquire adequate
sample for analysis; and

3. late delivery of Government-furnished property
(ERC sampler)

The requested extension would move the end of the technical effort
to about January 22, 1975, and the end of the contract to about May 22,
1975. It is anticipated that this schedule can'be met if no further problems
develop.

cc: Ron Bradow
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Appendix B3.12

SOUTHWEST RESEARCH INSTITUTE

8500 CULEBRA ROAD =+ POST OFFICE DRAWER 28510 ¢« SAN ANTONIO TEXAS 78284

September 9, 1974

TO: Dr. Ron Bradow, Project Officer
Environmental Protection Agency
Research Triangle Park, North Carolina 27711

FROM: Charles M. Urban, Harry E, Dietzmann
and Karl J. Springer
Department of Emissions Research
Southwest Research Institute
San Antonio, Texas 78284

SUBJECT: Monthly Progress Report No. 7 for the period August 1,
1974 through August 31, 1974; Contract No. 68-02-1275,
"Protocol to Characterize Gascous Emissions as a
Function of Fuel and Additive Composition;" SwRI
Project No. 11-3902-001.

PREPARED
FOR: Environmental Proiection Agency
Research Triangle Park, North Carolina 27711

Introduction

The purpose of th1s project is to develop test methods and over-
all test protocols to characterize potentially harmful gaseous emissions
from automobiles as a function of fuel and fuel additive composition. The
scope of this work includes the selection and application of analytical
techniques to automobile exhaust to determine various gaseous sulfur,
nitrogen and hydrocarbon compounds. These methods will then be applied
to the exhaust from two 350 CID Chevrolet engines, one standard and one
with a prototype catalytic converter, at the accomplishment of 1000 and
2000 mile intervals of operation under the LA-4 cycle conditions,

Progress During the Period August 1 through August 31, 1974

Phase I - Chemical Analytical Procedure Development and Demonstration

Sulfur Dioxide (SO2) - During the past reporting period, a number
of experiments were conducted to determine the extent of individual exhaust
gas component interferences. The results of these experiments are pre-

SAN ANTONIO HOUSTON, CORPUSCHRISTI, TEXAS ANDWASHINGTON D C
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sented as Appendix A to this report. Two SO2 span gases (balance Air)
are in hand and once the manufacturer certified analysis is verified, a
sulfur balance will be conducted, Current plans call for continuous SO°
sampling during the 1975 LD FTP, with an on line integrator to deter-
mine average SO2 concentrations in each of the three portions of thr
LA-4 test. Sulfur dioxide emission rates will be calculated in grams/
kilometer just as NOy, HC and CO.

It is planned to use air balance span gases and air zero gas as
the routine calibration gases for this instrument, since exhaust samples
will be air rich and relatively high in oxygen content, As documcuted
in Appendix A, using the Model 40 pulsed fluorescent analyzer in systems
with high oxygen concentrations (15-20 percent) minimizes any inter-
ferences that may otherwise create problems. The Model 40 SO instru-
ment thus far has performed satisfactory and the instrument may be
considered available for routine testing.

Sulfur Trioxide (SO3) - A satisfactory barium chloranilate column
has been prepared and the high pressure liquid chromatograph (HPLC)
system is deemed ready for routine testing., Exhaust samples have been
obtained and analyzed using the procedure developed by EPA Rescarch
Triangle Park, A Beckman model 25 UV-VIS recording spectrophoto-
meter, equipped with a flow-through cell, is being used as the detector.
Several samples will be obtained during the qualification runs and sulfur
balance tests. Calculations for SO4~ emission rates will be made and
reported in g/km,

Although this procedure has been readily adopted for un-leaded
fuel, it is expected that an additional ion-exchange column will be neces-
sary to remove any anions in the extracted sample. Several references
to the original procedure developed at EPA have shown that anions such
as F, Cl', Br interfere with the barium chloranilate - SO, reaction.

Non-Reactive Hydrocarbons (NRHC) - The NRHC system is ready
for routine testing and will be used during the qualification runs.

Polynuclear Organic Matter (POM) - During the last reporting
period, two fluoropore filters were loaded during four LA-4 runs. The
filters were extracted using a soxhlet extraction and reduced to a constant
volume and analyzed using the CAPE-7-68 DOAS instrument for aromatic
content. Using isokinetic sampling flow rates, a total of 125 ft° was sam-
pled with the two filters., Assuming about a 6:1 dilution ratio, only 21 £t3
of raw exhaust was actually obtained, In reviewing work performed using
the CAPE-6-68 polynuclear aromatic analysis of exhaust, it was apparent
tha: a tremendous quantity of exhaust was required for sample collection,
Two references (1,2)* which used the analytical methods developed under
the CAPE-6-68 program, used the entire exhaust rather than a small iso-
kinetic sample, These samples were collected using 3 blocks of 12 seven-

*Superscript numbers refer to list of References at the end of this report
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mode tests, giving a total of 36 seven-mode tests per sample collected.
Also, these samples were collected using the entire exhaust stream
cxcept for a small stream diverted for instrumental analysis, Using
this sampling procedure and testing sequence, it is estimated that well
over 4000 (t3 of raw cxhaust was collected. In reviewing the overall
project recquirements, it is estimatcd that by modification to the existing
sampling interface to include four filter systems and increasing the
sample volumes ten-fold, a total of over 40 ILA-4 runs would be required
for cach test condition,

With the concurrence of the project officer, plans have been made
to delete the analysis of polynuclear organic matter (POM) from the
project performance plan., Retaining the analysis of POM in the per-
formance would scverely delay the program schedule,

H2S, COS, and Lower Mercaptans - A short column of Chromo-
sorb 102 appears to be quite satisfactory for SO2 and COS using the
Flame Photometric Detector. Although dilute concentrations of COS
are rcadily made, considerable difficulty has been encountered with the
more polar and recactive H2S. An all teflon system using Teflon sample
bags is best. Figurel shows a chromatogram of a 10 ml sample con-
taining 100 ppb each of H2S and COS,.

Nitrogen Compounds - Efforts to obtain a column to do ammuonia,
nitromethane, and dimethylnitrosamine have been unsuccess{nl, The
Chromosorb 104 which looked hopeful for this purpose had an extremely
high bleed level and was impossible to use, Contact was made with the
manufacturer. They suggested some solvent washings which were tried,
but produced little improvernent, The manufacturer is going to send a
new Chromosorb 104 {rom a different batch, It appears, however, that
chromatographic conditions for ammonia and mtromethane are not com-
patible. It appears the best approach is to use the Chromosorb 101 for
nitromethane and dimethylnitrosamine, Figure 2 shows a chromatogram
of 1 ng each of nitromethane and dimethylnitrosamine using the Hall
Electrolytic Conductivity Detector and Chromosorb 101 programmed
from 100°C to 170°C at 10° per minute,

Phase II - Setup, Conditioning, and Qualification of Fuel/Additive Test
Engines

During the past reporting, qualification testing has becn complcted
on test stand 2, the 1972 350 V-8 Chevrolet engine. A total of two cold
starts and four force cooled starts have been run and the results along
with the original contract specifications are presented in Table 1 and arc
summarized as follows:
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EPA

1975 LD FTP Specifications SwRI Emission Results

Emission Rates Max Min Cold Start Force Cooled
HC, g/km 2.5 1.5 2.1 1.9
CO, g/km 22 12 26.3 22.2
NO,,, g/km 2.5 1.9 1.7 1.7

These tests were conducted with the program test fuel doped with thio-
phene to obtain the target sulfur level of 0.1 percent. As observed, the
range of HC (g/km) specified by EPA was 2.5-1,5 g/km and the cold
start and force cooled tests were both within the EPA emissions speci-
fications., EPA specified CO emission rates ranged between 22 and

12 g/km. The CO and HC emissions were only slightly higher in the
cold starts than in the force cooled starts. Due to the nature of this
project and the method of mileage accumulation, it is recommeded

that either force cooled or hot starts be used during Phase III emission
testing, Although there was no difference in the NOy emission rates
using both cold starts and force cooled tests, NOy was slightly less
than the minimum contract specifications,

The force cooled starts were conducted using a given set of pre-
determined conditions to insure repeatable test conditions., After the
initial cold start had been completed, the engine was shut off and cooling
water was forced through the engine. A fan was used to force lab air
over the engine and once the engine had been cooled down and remained
stable at not more than 3°F above ambient temperature, the engine was
ready for 1975 LD FTP testing. Similar force cooling procedures have
been used quite satisfactory in other projects,

An alternative procedure for conducting the Phase IIl emission
testing would be using a hot start rather than force cooled or cold starts.
A procedure could be readily devised for obtaining repeatable hot start
emission data should this approach be selected. One advantage of using
hot starts would be to enable the tunnel to be pre-heated to a consistent
temperature. This could aid in the preservation of sample integrity,
especially for the reactive sulfur containing compounds during the start-
up and initial warm-up period of the tunnel prior to the CVS, It is un-
certain as to the fate of SO2 and SO3 if the tunnel wall temperature changes
significantly during the first 505 seconds of the 1975 LD FTP. This un-
certainty could be eliminated if hot starts are used exclusively during the
Phase III testing.

During the last reporting period, the GM-catalyst has been received
and installed on the prototype 1975 350 V-8 Chevrolet engine on stand 1.
At the present time, the catalysts are undergoing preliminary break-in
prior to qualification emission testing. It is expected that qualification
testing will be completed during the second week in September. Once the
qualification testing is complete, a sulfur balance will be conducted on

203



both engines using the 1975 LD FTP. During the sulfur balance tests
sulfur dioxide and sulfur trioxide (sulfate) emission levels will be
obtained. It is not expected that HS, COS or mercaptans will signi-
ficantly affect the sulfur balance. Once the qualification testing and
the sulfur balance has been completed, both engines will be ready for
mileage accumulation.

Current Problems

Insufficient sample acquisition of polynuclear organic matter
on a filter media during a reasonable number of LA-4 tests has delcted
this analysis from the testing schedule. Analysis of H2S, COS and
nitrogen compounds is progressing slowly and hopefully will be ready
for routine analysis once the qualification runs have been completed.

Work to be Performed During the Next Reporting Period

Qualification testing on both engines is expected to be complete
during the next reporting period. A sulfur balance will be obtained on
both cngines during LA-4 testing to validate both the S0 and SO; sam-
pling systems. It is expected that full scale demonstration of all sampling
and analytical methods will be accomplished, as well as initiation of
mileage accumulation on the first additive package,

Prepared by: Submitted by:

(}K‘UVKM, "Hf\j‘ﬂ‘w /7 g D%‘Lp:o’
Kaji J/ Springer //1/

Charles M, Urban

Senior Research Engineer Director
Department of Emissions Research Department of Emissions Research
and

oy € Dt
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TABLE 1. PRELIMINARY QUALIFICATION EMISSION RESULTS
(1972 350 CID CHEVROLET ENGINE - STAND 2)

1975 LD FTP
Emission Rate, g/km

Type of Start Date Run HC COo. NOx
Cold Start 8-27-74 1 2,06 26.16 1.74
Cold Start 8-28-74 1 2.05 26.43 1.60
Force Cooled 8-27-74 2 1.82 21.99 1.58
Force Cooled 8-27-74 3 1.79 23,54 1.71
Force Cooled 8-27-74 4 2,00 21.84 1.84
Force Cooled 8-28-74 2 2,05 21,27 1.62

207



LIST OF REFERENCES

Gross, George P., "The Effect of Fuel and Vehicle Variables
on Polynuclear Aromatic Hydrocarbon and Phenol Emissions, "
SAE paper 720210, presented at the SAE Automotive Engineering
Congress - Detroit, Michigan - January 10-14, 1972,

Hoffman, C, S., et al, '""Polynuclear Aromatic Hydrocarbon
Emissions from Vehicles,' presented before the Division of
Petroleum Chemistry, Inc., American Chemical Society, Los
Angeles Meeting, March 28-April 2, 1971.

208



APPENDIX A

MODEL 40 PULSED FLUORESCENT
SO, ANALYZER INTERFERENCES

209



MODEL 40 PULSED FLUORESCENT SO, ANALYZER INTERFERENCES

The use of the model 40 pulsed fluorescent SO, analyzer in
the presence of other exhaust gas components could cause potential
interference problems, The intended use of this instrument will be
in sampling CVS exhaust on a continuous basis, Since the exhaust
will be essentially an air-based sample, the experiments described
are orientated toward this particular application.

CO and COj Interferences

Initial CO and CO2 interference checks were conducted using
a single bottle cart containing eight golden standards named by EPA
Ann Arbor. This group of bottles contained multi-component blends
as well as single component mixtures. All eight bottles contained
nitrogen as a balance gas. The first set of data was obtained using
standard regulators with neophrene diaphragms and teflon tubing. The
results of these tests are found in Table A-1, Response as SO ranged

TABLE A-1, MULTICOMPONENT BLENDS OF CO AND CO2/N2
RESPONSE AS SO2 IN MODEL 40 PULSED FLUORESCENT
ANALYZER (NORMAL NEOPHRENE DIAPHRAGM REGULATOR)

Concentration, %* Response as
Test CO CO, ppm SO,
1 9.58 5.70 15,5
2 - 14,16 10.3
3 - 12. 36 16.0
4 - 11, 22 16.5
5 5.39 10. 46 17.5
6 2.79 13.18 17.0
7 1.39 - 16,5
8 0.48 15,23 17.5

*balance gas Ny

from 10,3 to 17.5 ppm with no apparent correlation for response as ppm
SO2 and interference concentration, The CO concentrations varied from
0.48 to 9.58 percent, while the CO2 values ranged from 5.7 to 15.23 per-
cent,

Since it was obvious that something other than a straightforward
single compound 1nterference was involved, additional experiments to de-
termine the extent of other variables that might lead to apparent inter-
ferences were conducted, The first such variable checked was the effect
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of regulator diaphragm type on the response as ppm SO;. Since other
data was previously run and substantial data available for neophrene
regulator diaphragms, it was decided to investigate the response «f
several of the previously tested bottles using metal diaphragm regnlators
like those used for hydrocarbon span gases. The results of this experi-
ment are found in Table A-2. Although it is difficult to make any defi-
nite conclusions, it was observed that the response as ppm SO, for these
same three CO/CO, bottles was 2.5 to 3.0 ppm less for the metal dia-

phragm,

TABLE A-2., MULTICOMPONENT BLENDS OF CO AND CO3/N>?
RESPONSE AS SOz IN MODEL 40 PULSED FLUORESCENT
ANALYZER (METAL DIAPHRAGM REGULATOR)

Concentration, %* Response as
Test CO CO2 ppm SO2
1 9.58 5.70 13.0
5.39 10. 46 14,5
3 0.48 15,23 .0

*balance gas N

The next item checked was CO2 in balance zero air. A clean
Tedlar bag was prepared with a double end shut off quick connect and
filled with zero air, The bag sample was then analyzed in the Model
40 SO2 instrument and no response was observed. The bag was then
doped with some pure CO2 to give a CO2 concentration of about 13 per-
cent. The bag was then run in the SO instrument ard still no response
was observed., As a result of this experiment, it was obvious that CO2
alone could not be considered to be an interference compound; however,
in conjunction with other species could present interference problems,
At this point, two facts were apparent; first, CO2/N blends gave 10-16
ppm SO, response and secondly, CO2/Air blends gave no response.

To determine the extent of the CO2/N2 interference, additional
experiments were conducted. The availability of a range of O2/N>
blends was used to narrow down this problem. The bottles were N2
zero gas, 5 percent O2/95 percent N2, 10 percent O2/90 percent N»,

15 percent O2/85 percent N2, and 20 percent O2/N2. Several fresh
bags were prepared and each blend was analyzed for response as ppm
S0O2. Then each bag was doped with pure CO2 to a level of about 10 per-
cent, These bags were then run and the results of these tests are found
in Table A-3.

[t was apparent that by running the oxygen-nitrogen blends with-
out any CO2, certain effects could be observed. As the amount of oxygen
in the sample decreased (and the nitrogen concentration increased), a
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positive response as ppm SO, was observed, even though no other compounds
were known to be present. When the blends of about 12 percent COp

in various O, /N2 ratios were analyzed, it was found that the CO2 and

O2 acted much the same in that the sum of the CO2 and O2 concentra-

tions had the same quenching effect as the O2 concentrations alone.

TABLE A-3. MULTICOMPONENT BLENDS OF CO2/02/N>
RESPONSE AS SO, IN MODEL 40 PULSED FLUORESCENT ANALYZER

Concentration, %c* Response as
Test CO2 02 N2 ppm SO»
1 - 0 100 10+
2 - 5 95 0.5
3 - 10 90 0.2
4 - 15 85 0.1
5 - 20 80 0.0
6 10 % 0 90 10+
7 10 % 4.5 85.5 0.5
8 10 % 9.0 80.0 0.2
9 10 % 13.5 76.5 0.1
10 10 % 18 72 0.0
11 100% - - 2.0

Initial conclusions regarding CO and CO2 interferences indicate
that these two exhavst species do not interfere as positive SO, response
provided there is a sufficient quenching effect provided by oxygen in the
sample. Problems could be present if direct exhaust samples are ob-
tained and oxygen levels are low., Preliminary experiments indicate
that oxygen levels above 5 percent have less than 0.5 ppm response as
SO2. In cases where a CVS air diluted sample is obtained, no inter-
ferences due to CO or CO2 were observed,

NOx Interferences

Five bottles of NOx/N2 were used to conduct initial NOx interfer-
ence experiments. These were also golden standards named by EPA

Ann Arbor. Although these bottles were named as NO,, they were actually
NO in N2 cylinders as verified by chemiluminescent analysis. The con-
centrations were selected to be typical ranges that might be expected 1n
1975 FTP testing. The results of this test are found in Table A-4. NO,
concentrations ranged from 42 to 220 ppm and the apparent interferences
as ppm SO2 varied from 17,0-36,0., This was the only gas tested which
appeared to produce an increased response with increasing component
concentration. It should be noted that N2 zero gas produced some 10+

ppm response as SO2.
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TABLE A-4, MULTICOMPONENT BLENDS OF NOx/O,/N,
RESPONSE AS SO IN MODEL 40 PULSED FLUORESCENT ANALYZER

Concentration Response as
Test NOx, ppm 02, % N2, % ppm SO,
1 42 - 100 17.0
2 78 - 100 24.3
3 95.5 - 100 27.0
4 133,5 - 100 32,0
5 220 - 100 36.0
6 140 21 79 0.1
7 400 21 79 0
8 550 20 80 0.25
9 710 22 78 0.
10 1125 20 80 negative
11 1400 19 81 negative
12 1750 20 80 negative

There was a definite trend observed regarding NO, concentration
as a function of response as ppm SO2, as shown in Figure A-1, Previous
experiments involving CO and CO2 interference checks indicated that
the presence of nitrogen and the lack of oxygen could lead to apparent
interferences. With this in mind, several blends of NO/N2 were diluted
with oxygen to obtain a nominal 20% O3. The conversion of NO to NO,
was immediately apparent due to the color change of the NO »NO} reaction.
Although the previous NOyx check involved NO/N, blends, this experiment
actually was NO2/Air and comparison is somewhat difficult. The con-
centration of NOy ranged from 140-1400 in the bag samples analyzed. The
O2 and N2 concentrations were relatively the same for purposes of this
experiment, At any rate, the low concentrations (140-700) of NO2/Air
produced only slight response as ppm SO2. At higher concentrations of
NO32, a negative response was observed for several gases,

It is difficult to make any absolute conclusions based on the data
presented in Table A-4. Although NO/N; blends do give a positive response
as ppm SOp, it is impossible to determine the extent of NO/Air interferences
due to the NO #NO; oxidation in air. Bag samples obtained from a CVS
are significantly air rich and have O concentrations above 15 percent under
most conditions, Since the CVS bag samples contain relatively low concen-
trations of NOy diluted in air, it is not felt that any significant NOy inter-
ferences will be expei:euced,
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Response as ppm SO,

4
+ N
0.9 k ® O 2 only
A Oz + Np plus
120 ppmC benzene
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Figure A-1. The Effect of Benzene and 'I'oluene 1n
Various O2/N2 Blends as ppm SO32 in
Model 40 Pulsed Fluorescent Analyzer
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HC Interferences to Model 40 Pulsed Fluorescent SO2 Analyzer

Several experiments were conducted using typical hydrac.rbonr
blends in N2 and air. The initial tests were conducted using p:opane
in N2 and propane in air, The results of these tests are founi in lac =
A-5, Thegolden standard span gases were originally thought to be air

TABLE A-5, PROPANE SPAN GAS RESPONSE AS SO,
IN TECO MODEL 40 PULSED FLUORESCENT ANALYZER

Concentration, Balance Response as
Test ppmC Gas ppm SO>
1 25 Air 0.0
2 34 N2 14.0
3 168 Air 0.0
4 301 Air 0.0
5 1024 Air 0.0

based gases, but during the tests it was found that the 34 ppm C bottle
was actually a balance N2 gas. This accounted for the fact that all of
the other propane in air gases gave no response, whereas the 34 ppmC
/N2 gas gave an apparent response of 14 ppm SO2. Hydrocarbon con-
centrations, varying from 25 to 1024 ppm C balance air, were found to
produce no response as ppm SO2.

It is suspected that the balance N, was responsible for the apparent
interference in the 34 ppm C bottle, Once it was verified that typical air
based HC span gases produced no interferences, it was decided to check
the Model 40 pulsed fluorescent SO2 instrument response to aromatic hydro-
carbons. Two aromatic hydrocarbons typically found in autcmotive exhaust
were selected for this experiment, These were benzene and toluene. The
availability of several gases containing various ratios of O2 and N2 were
selected for these tests., Baseline readings were obtained on each of these
gases and these results are presented in Table A-6. A bag sample of
each of these gases was obtained and a predetermined amount of benzene
and toluene were added to each bag. Nominal benzene concentration was
120 ppm C and toluene concentration was about 140 ppm C,

The results of these experiments are illustrated in Figure A-2, In
comparing the response as ppm SO, to the base O2/N, blends to those same
blends with added benzene and toluene it is apparent that some sort of inter-
ference due to aromatic compounds is present. It almost appears that the
inter _ence found in this test is an exponential function. Initial conclusions
from this interference check indicate that samples containing less than 5
percent Oz can have s.gnificant interference. These evaluations were con-
ducted on the 0-10 pp -cale and the maximum interference that might be
expected during CVE o ration would be 0,2 ppm or 2 percent of full scale.
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Response as ppm SO>2
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TABLE A-6, MULTICOMPONENT BLENDS OF BENZENE,
TOLUENE/O3, N2 RESPONSE AS SO
IN MODEL 40 PULSED FLUORESCENT ANALYZER

Concentration, ppm C Concentration, % Resp ' .¢ as
Test Benzene Toluene 02 N ppm SO»
1 - - 0 100 10+
2 - - 5 95 0.5
3 - - 10 90 0.2
4 - - 15 85 0.1
5 - - 20 80 0.0
6 140 160 0 100 10+
7 140 160 5 95 0.8
8 140 160 10 90 0.4
9 140 160 15 85 0.2
10 140 160 20 80 0.15

General Comments of Model 40 Pulsed Fluorescent SO> Analyzer

Upon completion of the aforementioned experiments, several
contacts were made with other individuals who had working experience
with the instrument or was involved with Thermo Electron Corporation,
The first contact was Glenn Reschke at General Motors. He had conducted
numerous experiments with this model instrument, many of the same
nature of the SwRI evaluations., Although his particular application was
for use in direct automotive exhaust sampling, his conclusions regarding
the various component interferences were essentially identical to those
presented herein,

Further verification of individual component interferences conclu-
sions was obtained from Dennis Helms of Teco. He re-iterated the items
presented in this report and those indicated by Glenn Reschke, Recom-
mendations for specific application to CVS type exhaust sampling have been
previously incorporated into the exhaust sampling system.

It may be considered a concensus of opinion that sampling from any
air-rich CVS system and using air balance SO2 span gases and air zero
gases minimize on potential interferences. Should direct exhaust sampling
with relatively low oxygen concentrations (less than 5 percent), additional
interference checks might be warranted.
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Appendix B3.13

Status Report
ROAP 26 AAE
Task 008

Validate Engine Dynamometer Test Protocol
for Control System Performance

Concept:

The initihl concept underlying this objective was to test a control
systems protocol being developed under contract at the Dow Chemical
Company. These tests would confirm the ability of the test to measure
the influence of fuel additives on various kinds of automobile emissions
control devices including oxidation catalysts, EGR NOx control devices
and others. Resources available for the task (0.5 man-year and $15,000)
were judged too small for complete development of a protocol.

In fact the Dow data arrived too late (July 1974) to have any impact on
this portion of the in-house program, and experimentation was begun on the
basis of very preliminary results from both Bureau of Mines and Dow. The
Dow report has concluded that the candidate protocol was not satisfactory
for assessing catalyst degradation, and this fact has had substantial
impact on the in-house program in the last three months. Subsequent dis-
cussion will outline the problems associated with Control System degradation
measurement, the candidate methods, and analysis of available contractor
data on regulated emissions. Attachments include a report of the engine
dynamometer hardware development problem including information on the subject
of speed-load regulation, the analysis of contractor data, and a draft test
protocol.

Protocol Development:

Early in the Dow contract a number of facts became apparant. First,
individual components of an overall control system probably should not be
tested individually. Catalysts, EGR packages, evaporative loss canisters, etc.,
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are engineered to constitute an integrated pacakge system. Operation

of the components is so interrelated that it is probably impossible to
isolate the additive effect on EGR etc., separate from its overall effect
on the system. Furthermore, there is essentially no information on the
level of detrimental effect on such peripherals as PCV vaiues, ECR, or
evaporative canisters. Therefore, the required precision of testing
required to isolate such effects cannot be assessed a priori’.

Such is not the case with catalysts. Catalyst degradation by lead,
phosphorous, and sulfur compounds originating from fuel or lubricant
additive packages has been much studied. The level of effects from known
catalyst poisons and the mileage accumulation required to discover them
is fairly well established. Thus, low levels of tetraethyl lead can cause
significant decreses in catalyst activity in a few thousand mi]es.] Sulfur
and phosphorous effects require 20-30 thousand miles before degradation
becomes important.2

Since the influence of fuel additives on control peripherals is ex-
pected to be low and difficult to measure, any protocol to establish these
minor effects must be either capable of high precision or rely on very
extensive replication. Since these peripherals are part of an integrated
system, the only rational choice is a test of the whole car with the
variability that entails. Attempts to develop a high precision engine
dynamometer test based on the present Urban Driving Cycle in the contract
program were not successful in reducing the variability inherent in the
basic system. Therefore, at present, it appears that only a very large
automobile fleet test can detect these effects. At present the cost to
perform such testing cannot be justified in terms of positive impact on ambient
air quality for presently regulated emissions.

Therefore, concentrated effort was placed on determination of catalyst
deterioration. The literature indicated that unregulated consumer driving

3 However, the variability

can produce recognizable catalyst deterioration.
in FTP testing makes detection of effects very difficult. Thus, on the

basis of statistical analysis of Dow, Bureau of Mines and Calspan data, it

was computed that the minimum number of car trials needed to reliably establish

a 10% loss in catalyst activity is 86 in FTP testing.
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Detection of a 25% loss in activity as a pass/fail criterion would require
a minimum of 16 replications each of additive and control cars.

Mileage accumulation is also a serious problem. Catalyst deterioration
occurs more rapidly at higher mileage values. On the basis of literature
studies it appears that at least 25,000 miles is required to establish a
25% deterioration of catalyst activity for either CO or hydrocarbon.z’3

Description of the Protocol:

Catalyst activity can be determined most precisely by using a conven-
tional engine operated at steady state, 30 mph level road Toad as a source of
standard exhaust. Exhaust hydrocarbon level must be carefully controlled by
continual monitoring of exhaust composition and carburetor adjustment. Thus,
it is proposed to initially rate a series of catalysts on the dynamometer
stand and instill these catalysts in test cars for mileage accumulation of
25,000 miles. At the end of the mileage accumulation phase the catalysts
would be removed and re-rated on the dynamometer stand.

Catalyst performances rating parameters are % efficiency in hvdro-
carbon and CO removal, time from cold start to minimum hydrocarbon level, and
rate of catalyst bed temperature rise. The test sequence suggested is
similar to that used by auto manufacturers in screening studies and is
generally referred to as the AC 813 test.

At present there is insufficient information from our in-house testing
to establish the repeatibility of the test. If FTP testing is done in addition
to the AC-813 test, the ability to detect a 25% increase in HC or CO can
be controlled.

Conclusion:

A control system performance protocol is recommended which can control
the chance of detecting a detrimental effect due to the additive at 25%
using FTP testing. A second more sensitive test is proposed which is
potentially capable of detecting much lower deterioration factors. Since
this test is not as yet standardized, data from this source can only be
used to indicate the possible pressures of small effects.
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Appendix B3.14

FUEL ADDITIVE PROTOCOL DEVELOPMENT
Analysis of Bureau of Mines Dat..

Control Device and Gaseous Emissions Protocol Development Program

by Ronald L. Bradow, Chief, ETCS

I. Introduction

The gas emissions protocol development program at Bureau of Mines
was designed to test the efficiency of a test schedule in assessing the
influence of two fuel additives (Chevron F-310 and Ethyl AX-33-X) o
emissions. A second function involved development of methods for ce-
tecting and determining any new toxic products resulting from the use of
those additives. A report on this prcject from the bureau covers well
the largely negative results of the search for new compounds. iicwever,
there is little discussion of the efficiency of the test schedule and
procedures in assessing additive effects. This paper discusses the
available gaseous emissions data on a statistical basis and points out
the many shortcomings of the test program. Alternate approaches to the
problem of assessment of additive effects are also discussed.

II. Test Schedules

The program sceks to evaluate fuel additive effects for non-catalyst
cars. It was assumed that an engine dynamometer test stand could achieve
higher reliability and repeatability in assessing additive effects than
could be done with a fleet of cars. Therefore, the program required
development of an engine dynamometer test procadure of high reliahil'ty.
The procedure initially specified an elaborate break-in sequence involv-
ing a series of steady state opcrations designed to seat rings and wear
in bearings, followed by a conditioning sequence of LA-4 routes to stabi-
lize deposits. Engine dynamometer operation involved mileage accumulacion
by either repeated urban driving cycles or by the durability driving
schedule with intermittant testing by the 1975 Federal test procedure.
The cars were driven on the road in ordinary consumer driving with no
specified cycle. At 1,000 mile intervals 1975 Federal test procedures
were run on the cars.

The goal of increased test reproducibility with engine dynamometer
tests was not achicved by any of the groups operating this procedure. 1In
fact mismatch of venicles both initially and during mileage accurulation
was so poor as tu make cross—-car comparisons of little value. In the
in-house experimerts it has been found that careful raw exhaust measuremunt
and attention to cuarburetor fuel flow adjustments at idle and at several
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steédy state speeds is necessary to assure adequate vehicle and engine
matching.

IIT. Analysis of Bureau of Mines Gaseous Emissions Data

Table I presents values from 1975 FTP emissions tests at the
beginning of the test program, just before beginning additive injection,
and the mean of all base fuel tests. It is immediatcly apparent that
both stationary engines are lower in all emissions than the cars. The
AK-33-X car appears somewhat higher in hydrocarbon and CO than the base
car and this point will be developed statistically later. Both methane
and ethylene emissions are also low in the stationary engines relative
to the base car and the methane/ethylene ratio is also lower on that
basis. Detailed consideration of the g.c. analysis data suggests a
considerable effect of fuel composition on these results. Initial
runs were performed with indolene fuel with a 35 vol.% aromatics content.
Later the EPA reference fuel with a 24% aromatics content became avail-
able and a switch to that fuel was made. The switch was attended with
a 35-40% decrecase in methane, benzene and toluene in the base and F~310
car and a 15-20% decrease in these components in the apparently richer
AK~33-X car. During mileage accumulation with the additives there was
no apparent increase in any specific hydrocarbon emission. Variability
in aldehyde data was high and no apparent differences were detectable
on inspection.

Using the data in Table 1 and test variances for the control car,
it is possible to decide statistically if the cars were originally
matched. To tast this point values of the Z statistic (distributed as t)
were computed. Table II presents these values for comparisons of the test
cars and engines with the control car. It is clear that the F-310 car
and control car were matched, but the AK~33-X car has significantly
higher CO and hydrocarbon emissions and must, therefore, be operating
somewhat richer than the other two. The engine emissions were in every
case lower than those of the cars and clearly, comparisons betiv'een
engines and cars are invalid. It appears that the inertial loadings
were too low for the engines and comparisons of peak horscpower or tcrgue
under some standard acceleration would be helpful in establishing this
point.

The variancc in basic emissions data on both engines and vehicles
was similar to that previously reported by ECTD-MSPCP. Table III gives
values of means, standard deviations and comparisons of means for all
additive runs with test cars, and for AX-33-X runs with stationary engines.
Again the car data is every vwhere grcater than that from the stationary
engines. Standard deviations of the present tests are shown compared with
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those previously reported for fourteen similar cars by EPA-Ann Arbor.
Generally variance of both car and engine tests are sinilar to che
literature data.

Part B of Table III presents comparison of mean values for car
tests using the t statistic. The most aimportant conclusion to L
derived from this data is that the AK-33-X car has significantly
greater hydrocarbon emissicns than either the F-310 or base cars at
the test end. Of course this was also true at the beginning of the U st
cycle. If the initial and final values for that car are compared, it
was found that there is nc significant difference in hydrocarbon but
the carbon monoxide 1s significantly lower at the end of the AK-33-X
test. Thus, it is impossible to assign any clear effect to either
additive on the basis of these car tests. Since only two individua:
engine tests were conducted to high mileage, it cannot be definitely
established that, during mileage accumulation, by sheexr chance both
engines changed mechanically to produce the observed test result.
Therefore, even though the difference between the base fuel and
additive fuel tests have statistical significance, the significance
cannot ascribed uniquely to the additive. Clearly, either sufficient
control data must be obtained to assure that the changes observed
cannot be ascribed to mechanical changes or sufficient mileage experiments
must be run to allow removal of vehicle or engine influences.

It is important to note that none of the Bureau of Mines, EPA or
Dow engine dynamometer testing has found any improvement in repeat-
ability over vehicle testing. Comparison of the variances of test data
can be made in this case using the F statistic and Table IV prescnts
the data. In no case where any of the Bureau of Mines tests significant-
ly different in variability than literature 1975 FTP vehicle tests.

Table V presents a comparison of all stationary engine data indicat-
ing the similarity of F-310 and base fuel data on both cngines.

Table VI presents comparison data from Calspan, Dow and EPA-RTP.
As in the Bureau of Mines tests, the individual automobiles have a wide
variety of emissions characteristics. The Calspan cars are significantly
mismatched as were the initial tests with the EPA cars. Since tnese £FA
tests were run, a considerable cffort has been expended in maintaining
the repeatability of the vechicles. This has involved periodic determina-
tion of raw exhaust composition and, hence, fuel air ratio at idle, 15, 30,
45, and 60MPH steady state conditions.
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Since the influence of fuel additives on emissions may be in-
direct; for instance, the additive may increase or decrease fuel-air
ratio, the additive effect is indistinquishable from mechanical changes.
A test with few vehicles may be very difficult to control with the most
careful maintenance. Considering the test variability, it is possibie
to calculate the minimum number of tests required to_discover a real
difference of any given percentage in hydrocarbon: NOy emissions. To
find a 10% increase because of the additive, a minimum of 86 tests is
required for both the additive and control cars. For a 5% increase
344 tests are required.

Conclusion

The variability in all gas analysis data in the fuel additive contract
program strongly suggests that an engine dvnamometer FTP protocol cannot
adequately assess the minor influences which fuel additives are likely
to exert. Only gross cffects (in the order of 30% or greater) in the
emissions values can be detected by the certification test procedure in
a reasonable number of replications, say 10 or fewer.

In order to successfully test the additive effect, the test itself
must be greatly simplified possibly to the point of simply determining
steady state fuel-air ratios. The only alternative would seem to be a
large fleet test of 100 cars or more.
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TABLE I

Analysis of Bureau of Mines Initial Emissions Data

Final Report EPA-IAG-097(CD)

grams/mile
Sta. Engine
Vehicle/Fuel Base F-310 AK-33X A B
Hydrocarbons
Initial 2.92 2.76 3.09 2.18 1.37
Begin additive 2.78* 2.77 2.92 1.29% 1.79°
Mean Value 3 2.72 2.72 3.14 1.38 1.59
N 5 5 6 6 4
ol0]
Initial 46.7 59.5 74.4 22.0 18.2
Begin additive 63.6* 62.1 63.5 17.5 20.5
Mean value 2 56.9 64.5 71.6 20.8 17.8
N 5 5 6 7 4
NOx (corr.)
Initial 4.62 4.55 4.85 3.42 1.79
Begin additive 5.60*% 5.81 5.16 2.86 2.86
Mean value 2 5.23 5.16 5.49 3.21 2.46
N 5 5 6 7 4
Methane, ppmc
Initial 16.86 17.39 17.49 7.23 7.11
Begin additive 15.04 12.81 14.61 7.85 9.70
Ethylene, ppmc
Initial 17.79 19.95 19.75 11.46 ———
Begin additive 17.02 18.81 23.32 10.99 9.70
(6,400 mi.)
Aldehyde
Initial —-— -——- -—— -— —_—
Begin additive 0.103%* 0.086 0.088 0.074 0.109
* 4550 miles
# 4950 miles
° 3990 miles

a mean of all preadditive runs
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TABLE II

Comparison of Initial Car and Engine
Emissions Data

Basis -~ Control Car

Statistic g Z*

F-310 AK-33-X A B
HC 0.32 0 2.18 7.22 5.27
Cco 9.9 1.20 2.47 6.29 5.89
NO, 0.71 0.154 0.610 4.83 5.82
/>1/N1 + 1/N2 0.64 0.60 0.58 0.67
D.F. # 8 9 9 7
Value of Z for 1.86 1.83 1.83 1.89

significance, 95%
confidence level

;{l -iz

# D.F-=N1+N2=2
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TABLE III

A. Variance of Bureau of Mines Data-additive Runs

grams/mile e
Car or Engine Base F-310 AK-33X a3 83
HC
X 2.48 2.65 3.48 2.10 2.27
Bumines o 0.32 0.20 0.42 0.44 0.44
EPA 142 o 0.32 0.34 0.45 0.27 0.29
co
X 65.3 53.8 62.0 19.0 29.0
Bumines o~ 9.9 11.4 8.0 2.8 5.7
EPA 1/,2 o 11.9 9.8 11.3 3.4 5.3
NOx (com)
X 5.40 5.35 5.47 3.35 2.98
Bumines og— 0.71 0.67 0.29 0.47 0.34
epa 1.2 o 0.49 0.49 0.50 0.30 0.27

B. Comparison of Means - Values of the t statistic; N=10

t=§1-)-{2

Vrgiz-;;iz—— i 95% confidence interval t= 1l.81

Nl N2

Base XF~310 Base AK-33X F-310-AK-33X AK~-33X =-initial - -2
HC 1.42 6.80 5.00 1.58
co 2.40 0.82 1.86 l.98
NO 0.10 0.29 0.35 0.09

1. "Test Variability", Memo Karl Hellman to John DeKaney, Jan. 1973.
2. Computed on the basis of 13.0% “NC, 18.2% #7CO, and 9.09% =—NOy for

GM cars on 1975 "™ as per ref. l.
3. AK-33-X runs
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TABLE IV
Comparison of Variance - BuMines and EPA Data

a.) Additive Runs
EPA data from Ref. 1 - N, = 28, N_ = 10

F5% - 2.751 2

Values of the F Statistic

Base F-310 AK=-33-X Eng.A* Eng.B *
HC 1.0 1.71 1.07 1.68 2.34
Cco 1.20 1.16 1.41 1.73 1.22
NO 1.45 1.37 1.72 1.01 1.34

* P-310 runs - corrected for level differences by assuming
constant relative g—

228



Engine

HC

1 H]]

ﬁ)ﬂ

NO

ﬁbﬂ

TABLE V
Stationary Engine Data

Additive Fuels

Base F-310

A B A B
1.63 1.78 1.56 1.69
0.29 0.24 0.12 0.093
22.1 26.9 25.7 38.8
3.4 9.0 3.4 9.8
2.96 3.0 2.62 4.08
0.38 0.71 0.34 0.16
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AK-33-X

A B
2.10 2.27
0.44 0.44
19.0 29.0

2.8 5.7
3.35 2.98
0.47 0.34



TABLE VI

1972 Chevrolet Engine and Vehicle Emissions Data

Base Fuel
A. Calspan Data - 3 cars
DOwW
A B Cc Engine Dyno
HC _ - - -
x 1.31 1.47 2.10 0.99
N 0.20 0.13 0.31 0.50
8 8 7 7
m -—
X 24.49 30.81 39.78 22.08
g 4.90 3.55 4.80 4.70
No_ _
X 3.39 3.08 3.05 —
o= 0.42 0.40 0.51 ——
E. EPA-ORD data -~ 3 cars - 1 stationary engine
308 309 310 Stat. Eng. Y
HC _
X 1.62 1.18 1.50 1.39
o 0.19 0.17 0.30 0.17
N 10 10 7 7
m -
X 51.0 50.8 30.3 20.2
o 6.4 8.5 3.6 3.8
NOx _
X 3.37 3.46 3.20 1.93
a 0.70 0.44 0.34 0.51
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Appendix B3.15

PROPOSED EPA PROTOCOL
CONTROL SYSTEM PERFQORMANCE

1. Scope.

The Administrator; United States Environmental Protection
Agency, if he determines that a fuel additive offered in commerce
has a significant probability of causing deterioration of control
system performance, may require of the manufacturer of such an
additive to perform the tests contained within this protocol.
Under the provisions of the protocol, a fleet of 16 matched
pairs‘ﬁatalyst-equipped cars shall be chosen and emissions
tested by the Federal Certification procedures. The charac-

" teristics of the fleet shall be submitted to the EPA who will
determine if the vehicle fleet chosen conforus to a fair selec=-
tion of catalyst~-equipred cars in service and whether or not
the cars are fairly matched. On receipt of approval of the
test fleet from EPA, the additive manufacturers shall remcve
catalysts frcm the cars and perform an initial converter- ef-
ficiency test, using a V-8 engine mounted on a chassis dynamometer.
On completion of the initial tests, the catalytic converters
wvill be reinstalled on the automobiles and mileage accunulated.
Oneof each automobile pair shall be operated exclusively on a
gasoline containing the additive at thé maximum ccncentration
to be registered, The other member of the pair shall be opera-
ted on the same base gasoline without the additive., The cars
shall be placed in crdinary consumer driving service without
cont. L of maintenance or pattern for 25,000 miles, except that
the total time shall not exceed 2 years., At the end of that
period, the cars sha:l be tuned up to manufacturecrs' speci-
fications, and Federal certification emissions tests shall

be run. The catalytic converters chall then be renoved from the
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cars and tested by the chassis dynamometer procedure once more,
Data from certification and dynamometer testing shall be sub-
mitited to £PA for determination of detrimehtal effect of the
additive,

The provisions and dimensions of the test protocol were
selected by statistical considerations, On the basis of know-
1edge/2§e variability inherent in Federal Certification Testing,
it is possible td control the probability of {finding false
rositive and false negative responses to the protocol., It has
been determined that the probability of erros of both the first
and second kind shall be controlled to 5% if the catalyst
deterioration response is as great as 25%. The minimum number
of pairs of vehicles required for a statistically valid ex-
periment on this basis is 16.

2. Subnmission of Car Fleets,

' The manufacturer shall select new passenger cars in pairs
to comprise the additive test fleet. The cars shall be selec-
ted to be fairly representatitve of the current year's pro-
duction catalyst-equivped cars and shall include V-8, ingline-6,
and 4 cylinder engines in a variety of vehicle weights, Cars
may be immediately tested; however, the proposed vehicle fleet
selection nust be submitted to EPA for approval, .The approved
car fleet must be then tested by the Federal Certification

Test Procedure for light-duty vehicles (Federal Remqister, Nov. 12,

1972 as ammended by Federal Register, Jan. 14, 1974) with the

followving exceptions: Since the vehicles will have been already
certified, no Fart I cubmission of characterisitics need be
made; the cvaporative cmissions tests, heat-build-test, and

preliminary vehicle preparation shall be omitted, excewt that
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a preparative Federal Urban Driving Cucle shkall be driven on
the day immediately before the certification test. A series
of threce consecutive certification tests shall be performed
with each vehicle, The data from these initial tests shall
submitted to EPA for determination of the comparabiiity of
additive and control cars. On receipt of approval of com-
parability, the additive nanufacturer shall then remove the
catalytic converters from eachar and perform a second engine
dynanomecter test for converter efficiency as described below,
3. Converter Efficiency Test

A V-8 engine of approxinmately 350 cubic inches displacement
manufactured by an American-based automobile manufacturer as a
production engine in the model years 1972 or more recently
shall be used as an exhaust generator and shall be mounted on
an engine dynamometer test stand. °® The dynamometer may be of
the hydraulic, eddy-current, or electric motor-generator types.
The dynamometer shallfbe capable of absorbing, measuring, and
controlling the engine load to':‘l.o ft-1b, of torque at simu-
lated 30 nph level road load for that engine, mounted in a
vehicle of 4000 1b, intertia weight equivalent. The level
road load chosen shall not be less than 15.0 nor more than
20.0 ft-1bs of torque. The engine shall be tuncd and operated
so as to produce, after 15 minutes of warm-up operation,an ex-
haust gas corresponding to the following specifications:

Co - 0.4 to 0.6 Vol, %
Hydrocarbons(FID) - 500 to 750 ppm C vol./vol.
02 - 2 to 3 vol., %

Tenperature - 730 # 300 F

Catalytic converters shill bc mounted in the exhaust eysticn

of this cngine in a manner consistent with their use in a vehicle.
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Thus, catalysts designed to treat the whole exhaust of a 300 cu,in.
or greater engine shall be mounted so as to treat the whole test
engine exhaust. Catalysts meant for 4 or 6 cyclinder engines or
for one bank of a V-8 shall be mounted in the exhaust of one
bank of four cylinders of the test engine. A by-pass secticn

of exhaust pive, controlled by means of coupled diverter valves
at either end, shall be constructed around the converter such
that the engine may be warmed fp initially and its exhaust

then diverted through the initially cool converter, Tosts of
hydrccarbcn and CO content of the pre-catalyst exhaust shall be
made by drawing a sample of exhaust from the exhaust pipe sec-
tion immediateiy preceding and immediately followingz the converter,
Sanples of gas may be obtained by use of a metal bellcws pump,
an ice~bath water knock-out trap, stainless steel transfer

lines and fittings, Samuples of dried exhaust gas shall be
punped directly to approved CO, CQZ’ and hydrocarbon analysis
instrunents., Analysis for CO and,CO2 shall be conducted using
non-disperive infrared analyzers and analysis for hydrocarbons
by flame ionization analyzers; all such CO, C02, and hydrccar-
bon analyzers shali conform to the specilications sct forth in
the Federal Register standards for light-duty vehicle certi-

fication (Federal Zezister, Hov, 12, 1972).

The gas transger system shall be capable of a flow rate
sufficiently great that a sample of raw exhaust shall have a
residence time in the combined transfer and analytical system of
no greater than 1 sccond, The overall analytical system shall
be capab’c of a 90;5 respoense to a 10 ppm pulse in hydrocarbon
concentration in the raw cxhauvest in 3 seconds, Rccords of

tar vy ) ~ M S - N . y
vest results chall be fincde for cach test using strip chart
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recorders or other data-logging devices capable of information
up~-cate every 10 seconds or faster,
L4, Dynamometer Test Prccedure,

Trhe engine shall be started and overated on the test fues
at the test condition for 15 minutes or more to assurc stabi’i-
zation of exhaust conditions., To begin the converter perfornance
test, diverter valves are switched, allowing exhaust to euter
the converter, The initial time, catalyst temperature, and
exhaust analysis before and after the converter are recorded.
Engine conditions are maintained at 30 mph, level road load,
for 600 scconds during vhich time exhoust cemposition and
catalyst temperatures are recorded. At the conclusion of the
test the engine may be shut down and the catalyst may be
cooled by drawing room air through the converter, Successive
‘experinents shall not be run before the catalyst temperature
drops below 1300 r,

The results of 6 such tests for cach converter shall be submitted to EPA in the
form of data tables of computed ‘percentage break-throuzgh of
hydrocarbons and CO and certified copies of strip chart or
data=logger records indicating time to mimimum values.

5. Fuels,

Two types of fuels shall be used in the additive tests,
certification and mileage accumulation fuels, All gasoline
used in engine and vehicle tassting shall conform to the speci-

fications given in the Federal Pe-ister, Nov, 12, 1972, except

that thc Reid vapnr pressure shall be between 9 and 10.5 psi.

The mileage accunulatic -~ fuei shall conform to SAE recommended
practices for distillatio: and Neild vapor pressure characteris-
tics in the clirmate arces in which the vehic'e tests are operated.
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Other specifications for mileage accumulation fuels are given be-~

low:
Table 1

Fuel Proverties
Aromatics 20 nin, 30 max.,
Olefins 5 min, 15 max,
Saturates balance
TLead less than 0,01 grams/gallon
Phosphorous less than 0,003 srans/sallon
Suifur less than 200 ppm wt./wt.

6. Conclusion.

The above test sequence is derived from similar
tests conducted in the automotive industry, specifically
the AC-823 test, Modifications have been made to test
converters nore nearly in the conditions typical of

their use in cars built to the interim 1975 standards.
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