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EXPERIMENTAL RESULTS USING METHANOL AND METHANOL/
GASOLINE BLENDS AS AUTOMOTIVE ENGINE FUEL

by

)

J. R. Allsup!

ABSTRACT

An experimental program was conducted by the Energy Research and Devel-
opment Administration's Bartlesville (Okla.) Energy Research‘Center to
determine the emission and fuel-economy characteristics of methanol and
methanol/gasoline blends as automotive fuel.

Comparative emission and fuel energy- economy data were generated using
1975 model vehicles adjusted for gasoline fuel and using gasoline and gasoline
blended with 5 and 10 pct methanol; tests were made at temperatures of 20°,
75°, and 100° F on a chassis dynamometer in a climate-controlled test chamber.
Results suggest that emissions and fuel energy economy are generally affected
to the extent that methanol addition affects air—fuel stoichiometry, fuel heat
content, and fuel vapor pressure. The term "fuel energy economy' is used to
denote calculations on the basis of fuel energy content in lieu of fuel quan-
tity.

Vehicle emissions and fuel economy were essentially unchanged during
approximately 7,500 miles of road testing; no engine or fuel system component
failures were encountered during that testing.

Road octane measurements were made for the fuels containing 5, 10, and
15 pct methanol in base gasolines of 84, 87, and 91 research octane "quality.
Results show significantly better octane improvement in blending methanol
with the lower octane fuels as compared with the improvement in blending with
the higher octane fuels.

Steady-state engine emission and fuel energy economy datia werc generated
using a late model automotive engine fueled with 5, 10, 15, and 100 pct
methanol/gasoline blend. Test variables and engine parametric adjustments
included engine speed, exhaust gas recirculation rate, air-fuel ratio, ignition
timing, and compression ratio. Results suggest that operation with pure
methanol may allow use of high-compression engines to realize improved fuel
energy economy with relatively low oxides of nitrogen emission.

1Project leader;




INTRODUCTION

Alcohol has been promoted as a motor fuel for almost 70 years. However,
significant utilization of alcohol in this use has not developed due to the
availability of cheaper petroleum fuels. Recent concern about both environ-
mental problems and our eventual shortage of conventional petroleum-based
fuels coupled with the potential for obtaining methanol from coal or various
types of "waste' products has again spurred interest in methanol as a motor
fuel. Moreover, should petroleum availability be curtailed and supplemental
liquid fuel from nonpetroleum sources be required on short notice, the only
option for that liquid fuel would be methanol. This appears to be the case
. because although a background of engineering experience exists that will
permit design and construction of coal/gasification/methanol plants using
modern technology, no comparable experience background exists in either coal-
or shale-conversion technology.. Ultimately, other conversion liquids may
enter commerce, but presently, given the requirement for immediate production
of synthetic liquids for tramsport use, methanol is the only choice. 1In con-
.nection with these interests in fuel optlons, the Bartlesville Energy Research
Center, Bartlesville, Okla., (first as a component of the U.S. Department of
Interior and later as a component of the Energy Research and Development
Administration) has conducted tests to determine the feasibility of using
methanol.as an automotive fuel--used either as nominally pure methanol or used
as a fuel component in methanol/gasoline blends. This publication describes
experimental testing and results from vehicles using methanol and methanol/
gasoline blends. A companion study involving the physical properties of the
methanol/gasoline mixtures was conducted concurrently and will be made avail-
:able as a Report of Investigations entitled "Physical Properties of Gasoline/
‘Methanol Mixtures" by B. H. Eccleston and F. W. Cox. The work was done in
part in cooperation with the Environmental Protection Agency.

The experimental work was done with a 10-vehicle fleet using as test fuels
a gasoline and that gasoline in blend with 5 and 10 vol-pct methanol. (The
percentage methanol is calculated on the basis of original volumes of unmixed
components.) The influence of ambient temperature variation was determined
for each vehicle of the fleet in tests with the vehicles operated on a chassis
dynamometer at controlled ambient test temperatures of 20°, 75°, and 100° F.
Work also was. done to determine long-term effects, if any, from sustained use
of gasoline blends; this segment of the test program involved five of the test
vehicles operated for 5,000 to 7,500 miles using 10 pct methanol in gasoline.

The vehicles were repetitively driven over a controlled test route during both
summer and winter seasonal periods.

The effects of variations.in--or changes to--engine parametric adjustment
were studied using methanol and methanol/gasoline blends in an engine operated
on a test stand. This work was done using both pure methanol and methanol as
5, 10, and 15 pct components of gasoline/methanol fuel.

Prior to vehicle and engine testing, analytical procedures were developed
to measure accurately methanol inithe presence of other gasoline combustion
products.



VEHICLE FLEET TESTS

A fleet of ten 1974 and 1975 vehicles was used in the test program; they
are described in table 1. (Vehicle K was not used in the emissions study but
was included in the mileage accumulation study; it is described here for
convenient reference,) The 1975 vehicles were purchased new, and prior to use
in the experimental program were 'broken in" using unleaded fuels in 2,500
miles operation in city and moderately severe highway driving. When brought
into this study, the two 1974 model vehicles had been driven about 10,000 miles.
To ensure against unusual ''deposit effect's" from this prior.usage, the engine
heads were removed, and deposits were cleaned from exposed combustion chamber
surfaces.

TABLE 1. - Test vehicles operated on methanol/
gasoline fuel blends

Vehicle Engine ° '
designation Year and make size, CID Transmission Carburetor

Aco.... 1974 Chevelle 350 Automatic 2 bbl

Beveosno 1974 Ford Torino 351 " "

Cevvvnn 1975 Maverick 250 " 1 bbl
(non catalyét)

Devennn 1975 Vega 140 " 1 bbl

Eeerenn 1975 Chevelle 350 " 2.bbl

Feeern 1975 Granada 351 " "
(non catalyst) ‘

Geooouo 1975 Dodge Dart 318 "o 2 bbl
(non catalyst) o

Hev'onnw 1975 Impala 454 "o 4 bbl

I...... 1975 Monza 262 " 2 bbl

N 1975 Plymouth 318 " "
(non catalyst) :

Keooons 1972 Buick 350 " 4 bbl

The test vehicles were initially checked to ensure that all engine adjust-
ments were within manufacturers' specifications. No attempt was made to
optimize the engine systems for best utilization of the methanol. For the
vehicle fleet tests, the methanol concentration was limited to 10 pct since
operation at much greater than 10 pct methanol requires some carburetor modi-
fication to ensure adequate drivability.

Analytical Equipment

The vehicles were tested using the 1975 Federal Emissions Test Procedure
(FTP) including the Environmental Protection Agency (EPA) highway fuel economy
test. The exhaust was collected in Tedlar film bags and analyzed for carbon .
monoxide (CO), carbon dioxide (COj), nitrogen oxides (NOy), total aldehydes,
total hydrocarbons (HC), HC distribution, and total methanol (MeOH) emissions.




Carbon monoxide and CO7 were determined using nondispersive infrared
(NDIR), NOy was determined using chemiluminescence, and aldehydes by 3-methyl-
2-benzothiazolone hydrozone hydrochloride (MBTH). Compositional data needed
to calculate HC distribution were obtained by gas chromatography. Unburned
hydrocarbon was determined using a hot-flame ionization detector (FID) for
which the sampling line and FID hot sections were maintained at about 375° F.
Unburned methanol was determined by gas chromatography. Because information
on methodology for measurement of unburned MeOH is not readily available,
details of the procedure may be of particular interest; this information is
included in a following section.

The response of the FID unit to unburned methanol was experimentally
determined to be about 0.75 compared to 1.00 for gasoline exhaust. To correct
for the reduced methanol response, the reported HC values were calculated as
the sum of the unburned HC in the exhaust (as determined by FID) plus 25 pct
of the unburned methanol as determined by gas chromatography. For practical
purposes, however, the contribution of unburned methanol to the total exhaust
HC was found generally to be negligible.

Fuel economy was calculated using experimental data on exhaust mass flow
and exhaust gas composition.(l_)2

Method of Analysis for Unburned Methanol

Because there is no standard procedure for measuring methanol in the 1
to 200 ppm range in the presence of other gasoline exhaust products, it was
necessary to develop an adequate procedure for isolation and measurement of
methanol in the presence of interfering hydrocarbons. The procedure that was
developed utilized sampling by the constant volume sampling (CVS) method and
determination of the methanol content by gas chromatography. The gas chromato-
graph (figure 1) was equipped for programed temperature control with sub-
ambient temperature capability; detection was by flame ionization. Two stain-
less steel columns, 6 feet in length by 1/8 inch outside diameter and 0.1 inch
inside diameter were packed with Carbopack "A" coated with 0.4 pct Carbowax
1500 and operated in series. After the elution of methanol, the first column
was backflushed in order to.reduce analysis time.

A large sample volume (25 cm?®) was used. The sample loop of 1/4 inch
stainless steel tubing and an associated sample valve were maintained at 70° C.
Primarily as a means to achieve repeatability free of operator error, the
system was automated to initiate and control the temperature program and to
control the solenoid valves used for sample and back-flush operations.

Chromatograph operation consisted of cooling the columns initially to
0° C and programing rapidly (32° C/min) to a final temperature of 90° C.

’Underlined numbers in parentheses refer to items in the list of references
at the end of this report.
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FIGURE 1. - Chromatographic System for Methanol Analysis. :

A helium carrier flow of 33 cm®/min at room temperature was used. Measurement
was complicated by a baseline shift that immediately preceded the methanol
peak--caused by elution of water which disturbed flame conditions. This base-
line shift was minimized by adjusting the backpressure regulator for maximum
nitrogen makeup without extinguishing the hydrogen flame. Methanol elution
time was 3.5 minutes and occurred between C3 and C4 hydrocarbon peaks (figure

2). The total cycle including backflush and cooldown operations, required
approx1mately 12 minutes.

Fuels

Two unleaded gasolines (Indolene and a commercial fuel) were used as
base fuels for all tests made with five of the vehicles (A, B, C, D, and E).
The remaining five vehicles (F through J) were tested only with the commercial
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Methanol Analysis.

base fuel. Test data were obtained
with each base fuel used alone and in
blend with 5 and 10 pct methanol.
Fuel-inspection data are shown in
table 2. Fuel energy content for the
base fuels (prior to methanol addition)
was calculated using information on
fuel gravity, distillation, and aro-
matic content (4). Energy contents
of the methanol/gasoline blends were
calculated by combining the heating
values for appropriate proportionate
volumes of alcohol and the base fuel.

EXPERIMENTAL RESULTS

Hydrocarbon Emissions

The emissions data (tables 3 and
4) show that for both base fuels used
at normal ambient temperature average
HC emissions were increased by addition
of methanol and were further increased
(up to 30 pct) at the higher tempera-
ture. At the 20° F temperature,
average HC emissions decreased with
addition of methanol to the Indolene
base fuel (8.3 1b Reid vapor pressure)
but remained essentially unaffected

-with addition of methanol to the 7.2

1b Reid vapor pressure (RVP) commercial
base fuel. These results suggest that
the change in HC emissions associated
with methanol addition to the Indolene
may have been related either to the
effect of methanol in leaning the air-
fuel ratio (A/F) or to its effect in
increasing fuel vapor pressure. (The
stoichiometric A/F requirement for

_clear fuel was 14.7 compared to 14.2

for 5 pct methanol and 13.8 for 10 pct
methanol.) It may therefore follow
that leaning the A/F in late-model

vehicles could be expected to lower

HC emissions during cold operation in
which the automatic choke is on longer.
In like manner, however, hydrocarbon
could be increased at normal operating
temperature as a result of extending
the enleanment of lean-design engines



TABLE .2, - Properties of methanol/gasoline test fuels

Indolene base fuel

Commercial base fuel

Clear [5 pct MeOH|10 pct MeOH Clear |5 pct MeQOH]10 pct MeOH

Reid vapor pressure, psi, 8.3 10.9 ‘11,1 7.2 9.5 9.7
API gravity...coveeeeoees 60.0 59.2 58.9 63.7 62.9 62.1°
Research octane No....... 91.6 93,8 96.1 88.0 90.3 93,2
Motor octane NCieeseeesoo| 83.9 85.0 85.7 82.4 84.7 85.1
Distillation, °F:

IBPeceevecscsanaonnes 104 94 96 103 108 109

10 pct evaporated.... 134 110 116 140 116 118

30pCt gvap:rated seve 176 160 128 176 164 128

50 pct evaporated.... 216 214 206 207 202 198

70 pct evaporated... 252 250 247 235 230 229

90 pct evaporated.... 316 316 313 286 284 284

EPiveeeennsnncasansas| 383 388 380 383 367 366
FIA, vol pct .

Olefinieeeeesnacennae 5 NAP* NAP 6 NAP NAP

AromaticCSeeacoessenss 26 NAP NAP 23 NAP NAP
Phase separaticn

temperature, °F: A

with 200 ppm H20..... NAP -5 19 NAP -7 24

with 400 ppm H70..... NAP 20 . 29 NAP 31 3G el
Eneréy content, o S .

10° btu/gal.eevesueeo..|{ 1.154 1.125 1.095 '1.127 1.099 1.071

*NAP = Not applicable



TABLE 3. - Exhaust emissions and fuel rate——
vehicles A, B, C, D, E

- Ambient temperature, °F
20 75 : 100
Base 5% 10% Base 5% 10% Base 5% 10%
fuel | MeOH | MeOH fuel | MeOH | MeOH fuel | MeOH | MeOH
' BASE FUEL -~ INDOLENE
————————————————————— T-—--——-p—----——---—-'7--——--7 - em e e -

Emissions, g/mile: : ‘
COuuievooenenseneves | 48.8 [39.1 [|35.0 [17.7 |14.2 [10.9 | 25.8 { 44.0 | 34.2
HC, i ververvenonsnns 2.7 2.6 2.3 1.4 1.6 1.8 1.6 2.0 2.1
NOKeueeeoonosasaons 2.1 2.1 2,0 2.0 1.9 1.9 1.8 1.6 1.7
Aldehydes. . ........ L9 .11 .13 .10 .12| .13 .09 .10 .09
Methanol....eeesese .01 .08 .13 .01 08 .15 .02 .10 .17

0]

Fuel economy, mi/10° btu: )
Emission cycle..... 8.7 8.6 8.7 10.0 9.8 9.7 10.2 9.6 9.8
Highway cycle.......| 15.4 |15.4 |15.1 |15 15.9 |15.6 | 16.4 | 15.8 | 15.9

. L e PO NP S S PR, 8 Q. domrenwe=
BASE FUEL -- COMMERCIAL GASOLINE
............... e BT E Rl EELELES
Emissions, g/mile: _
COvevense crecesssns 48.2 42.3 32.1 18.7 13.2 9.6 19.7 28.3 19.6
N < (O vesene 2.5 2.5 2.6 1.3 1.6 1.7 1.6 2.1 2.3
NOyeeeosanaoasnnnne 1.9 1.9 2.0 1.8 1.8 1.7 1.7 1.6 1.7
Aldehydes..cveseees .10 .11 .16 .10 .10 .12 .10 .11 .13
Methanol..... ceeecs .02 .08 .14 .02 .08 .15 .02 .10 .17

Fuel economy, mi/10° btu:

Emission cycle,.... 9.5 9.0 8.7 | 10,1 9.8 9.6 | 10.3 | 10.0 9.8
Highway ecycle,,.... 16.8 15.9 15.2 15 15.2 14.9 16.5 16.3 15,8




- TABLE 4, - Exhaust emissions and fuel rate-—
vehicles A through J--commercial
gasoline base fuel/methanol blends

Ambient temperature, °F
20 ’ . 75 . 100
Clear 5% 10% |[Clear 5% 10% Clear 5% 10%
fuel MeOH | MeOH fuel | MeOH | MeOH fuel MeOH | MeOH
Emissions, g/mile: 'i .
COvevervevrnnnaneaes | 40,3 [35,7 29.2 | 13.5 10.1 8.2 13.2 18.3 13.2
HC .o ivenerenesnnnan 2.5 2.6 2.8 1.1 1.3 1.5 1.2 1.6 1.8
NO ...... ceesessnsas 1.9 | 2.1 2.0 2.1 2.0 1.9 2.0 1.8 1.8
Aldehydes crersesens .11 .13 .16 .10 .11 .12 .09 .10 .12
Methanol .eveeevesese .01 .08 .15 .02 .07 .13 .02 .08 .14
Fuel economy, mi/10° btu: 4
Emission cycle......| 9.3 9.1 8.9 | 10.0 9.7 9.7 10.4 | 10.0 {10.0
Highway cycle.......| 15.8 15.3 14.8 15.9 15.2 14.8 16.0 15.9 15.7

into incipient misfire under some conditions. The same effect--that is,
relatively low HC emissions during cold operation but increased HC emissions
during high temperature operation--may also be expected from a high vapor
pressure fuel. 1In an effort to determine the vapor pressure effect, cumula-
tive hydrocarbon emissions were measured at various intervals throughout the
.test. Of particular interest was the first 40 seconds of the hot-start por-
‘tion of the test cycle. Data for vehicles A and B (figure 3) show total HC
;to be appreciably increased during the hot-start portion with the increase
‘being greatest for the methanol blends at high ambient temperature.

Bag samples were collected and analyzed during the hot-start portion of
the tests. Analyses showed that, of the total hydrocarbons, approximately
90 pct was unburned methanol. The high concentration of methanol during this
portion of the tests possibly was due to methanol or methanol/hydrocarbon
.azeotropes being evaporated from the carburetor and absorbed in the charcoal
canister during the "hot-soak" period. This material subsequently is desorbed
from the charcoal after engine startup and serves to enrich the mixture for a
portion of the test cycle.

Methanol Emissions

The amount of unburned methanol in the exhaust is closely related to the
amount of methanol in the fuel. However, slightly higher unburned methanol
emissions were observed for tests at the higher temperatures. Unburned
methanol in the exhaust was found to be 2 to 5 pct of the total HC when using
5 pct methanol and 7 to 9 pct of the total HC when using 10 pct methanol.

Although an assessment of the effect of the methanol emissions is beyond
the scope of this report, some comment may be in order. Methanol is essentially
unreactive in the photochemistry of smog formation (2); therefore, the un-
burned methanol may not be significantly objectionable as a source of photo-
chemical feed. With respect to the toxicity of the unburnéd methanol itself,
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the undiluted exhaust of a vehicle operating on 10 pct methanol may contain
methanol at a concentration less than one-half of the threshold limit value
(TLV) for methanod in air. These observations would suggest that the un-
burned methanol may not be objectionable but the question should be considered
in greater depth before being dismissed. .

Aldehyde Emissions

Aldehydes in the exhaust were found generally to increase with higher
concentration of methanol in the fuel. Although the percentage increase of
exhaust aldehydes is appreciable with methanql fuel blends, the absolute
increase is small; comparative values should be kept in this perspective.

' Comparative data from catalyst and noncatalyst vehicles (table 5) show
catalytic treatment highly effectlve in reducing both the methanol and the
aldehyde emissions.

TABLE 5. - Exhaust aldehydes and unburned methanol--catalyst
and noncatalyst-equipped vehicles

Amblent temperature, °F

Emissions; 20 75 100
g/mile - | Clear | 5% | 10% | Clear | 5% 10% | Clear | 5% 10%
5 fuel | MeOH: ]| ‘MeOH fuel MeQOH.|] MeOH |- fuel MeOH MeOH

CATALYST-EQUIPPED VEHICLES (D, E, H, I)

Aldehydes... | 0.02 | 0,02 | 0.06 | 0,02 [ 0.02 | 0,03 | 0.02 | 0.03 } 0.04

Unburned
methanol.. .01 .05 .06 .01 .02 .03 .01 .04 .07

. ) oy 72-- |
Aldehydes... 0.18 0.19 0.23 0.16 0.16 0.19 0.15 0.16 r 0.17
Unburned - ’

methanol.. .02 .08 .21 .02 .10 .20 .02 .13 .18

Nitrogen Oxides Emissions

:Levels ‘of NO, emissions were unaffected by the amount .of methanol in the
fuel but were sllghtly reduced as the ambient test temperature was increased
and slightly increased at cold ambient temperaturé. It was postulated that
methanol in the fuel might reduce NOx via either or both of two mechanisms:

(1) effectively leaning the fuel mixture, or (2) as a consequence of additional
charge cooling associated with the high heat ‘of vaporization of methanol.
Assuming an initially lean engine, either would serve to reduce peak combustion
temperature. That the anticipated effect was not observed would be explained
if A/F mixtures of the stock cars were richer than the A/F associated with

11



peak NOy. Further leaning the fuel mixture by methanol addition then would
tend- to increase NOy and offset the influence of the charge-cooling effect
toward lower NOy.

Carbon Monoxide Emissions

Carbon monoxide was substantially reduced by the addition of methanol to
the base fuel at cold and median ambient temperatures. At high ambient tempera-
ture, CO emissions levels varied erratically, but, in general, the fuels
containing methanol nroduced higher CO levels than the base fuels. The effect
is greater with the high-vapor-pressure test fuel than with the commercial
stock--suggesting that increased CO at elevated temperature is due to evolu-
tion of fuel vapor from carburetor fuel. . This vapor discharged directly with
the intake can significantly enrich the mixture. The effect is clearly shown
in the individual mode data (table 6) wherein hot-start CO emissions may be
equal to or greater than CO emissions during cold-start conditions.

TABLE 6. - CO emissions by test mode--
test vehicles A through J

Carbon Ambient temperature, °F
monoxide 20 - 75 100
emissions, Clear 5% 107 | Clear 5% 10% | Clear 5% 10%
g/test fuel | MeOH| MeOH | fuel | MeOH | MeOH | fuel | MeOH | MeOH
Cold transient [ 462.0 | 514.7 | 444.3 |114.9 | 85.9 | 78.0 | 78.9 |62.1 | 47.4
Stabilized 41.9| 22.5{ 17.0 | 30.3 | 19.5 | 36.2 | 36.2 |58.6 | 41.5
Hot transient 32,2 22.9 18.6 | 37.5 | 34.3 | 28.5 | 49.9 | 91.7 65.4

A conclusion to be drawn from the CO emissions data is that for summer
grade U.S. fuels the front-end volatility of gasoline for use in blend with
methanol should be adjusted downward from historical wvalues. This does then
raise questions about disposition of the fuel light ends that are displaced.

Fuel Economy

The average fuel economy of all vehicles tested (based on fuel energy
input) generally was found to decrease slightly with methanol addition.
Although the decrease in fuel economy was up to 10 pct in some cases, the
data must be interpreted with care since the averages include results from a
selection of test vehicles among which fuel economy differed widely. Fuel-
economy data for individual vehicles (75° F tests) shows that the fuel-
economy change due to methanol is vehicle sensitive but usually follows the
trend shown by the average data. Other researchers have shown that fuel
energy economy either increased or decreased by addition of methanol to gaso-
line used in pre-1974 model vehicles. Results of our studies would indicate
that a finding of gain or loss with methanol addition would depend upon whether
the vehicles were initially adjusted fuel rich or fuel lean.

12



Other researchers (as well as
other work described later herein) - s
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have shown that in order to maintain

minimum timing for best torque (MBT) Cor

as A/F is adjusted progressively lean- L ——
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er, spark timing must be advanded.

: ]
Therefore, in late-model vehicles that,: ‘\\\\\\\\T\WH
for purposes of emission control ————————*é-
normally operate both slightly lean 0.95—

and with timing retarded from MBT, mix-
ture enleanment due to methanol addi-
tion may effectively further displace
ignition timing from MBT to result in
reduced fuel economy. In brief,
results of the present study suggest
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that the addition of methanol to gaso-
line used in 1975 model vehicles is
not expected to result in improved
fuel economy. Other work described
later herein suggests that engines
optimized for methanol/gasoline opera-
tion produce equivalent fuel energy

clear fuel

1.05

methanol fuel blend
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economy as engines similarily optimized
for gasoline operation.

Complete emission/fuel-economy 0.95
data for each vehicle/fuel combination
are given in tables A-1 through A-15.
Fuel economy-data for the vehicles at
varied ambient temperature and for
varied methanol levels are displayed °®
in figure 4.
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EXTENDED SERVICE TESTS

1

Five test vehicles were driven for
an extended period, each using 10 pct Car
methanol fuel blend in a commercial

RELATIVE FUEL ECONOMY (MILES PER 103 8TU),

. G F
gasoline. The gasoline was purchased . 100 : _ ‘%;;éﬁ‘”
from a refinery in the early winter, *
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new above-ground fuel tanks. The fuel 095 _ A
supply was used from early winter to 1/////<Zijc
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from a minimum temperature of about S 5 percent 10 percent
15° F in winter to a maximum about methanol : methanol
100° F in summer. During the winter

season, which may have been expected FIGURE 4. - Methanol/Gasoline Fuel

to pose temperature-related phase sepa-
ration problems, fuel in the storage

Economy Relative to Gaso-
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tanks collected water at a slow rate-—-probably explained by low absolute
humidity and narrow temperature fluctuations. During the spring and summer
conditions, however, water absorbed by the methanol in the fuel increased
from about 100 to 700 ppm with an accompanying phase-separation temperature
change from 18° to 48° F. Although this may represent a 'worst case' situa-
tion, it does point out that special care and handling will be necessary
using methanol-blended fuel.

Vehicle mileage accumulation consisted of 8 hours per day operation
driving the vehicle 1 hour on a city route approximating the federal emission
cycle followed by 1 hour of open highway driving at posted speed limits.
Emission tests were made at 0; 1,000; 3,000; and 5,000 miles. Modified road-
octane requirement tests were made at the start and at the end of the mileage
tests; these consisted of obtaining trace knock during wide-open-throttle
accelerations using isooctane/heptane reference fuels. At the completion of
the tests, the engines were disassembled, and all combustion chamber and fuel
handling components were inspected for corrosion, deposits, and dimensional
or other change in materials.

The engine in vehicle A (which had approximately 10,000 miles prior use)
was disassembled and cleaned prior to use with the 10 pct methanol fuel blend.
After 5,000 miles operation with the 10 pct methanol, the engine was again v
disassembled and inspected. The combustion chamber deposits which had formed
were judged to be very light and probably equal to or less than those expected
from operation with gasoline. However, the carburetor butterfly plates were
liscolored with numerous ''rust type' spots. .

Vehicles D, H, and J had approximately 2,500 miles "breakin" use with
typical unleaded fuels before entering the test program. Of this group,
vehicles D and J accumulated 7,500 miles and vehicle H accumulated approximately
10,000 miles using 10 pct methanol.

Prior to entry into the methanol work, the engine in vehicle K had been
used for approximately 10,000 miles in tests with typical unleaded fuels.
Upon entry into the methanol work the engine was disassembled and examined.
Deposits were noted but left intact. After 5,000 miles use with 10 pct
methanol, the engine was again disassembled and examined.

No consistent directional change was observed for exhaust emissions,
fuel economy, or octane requirement during the mileage accumulation (table 7).
None of the vehicles failed to operate due to engine malfunction .or phase
separation within the fuel mixture. The most noticeable difference in vehicle
operation using the 10 pct methanol in the vehicle was a hesitation when the
throttle was slightly depressed. Otherwise, no cold-starting or vapor-
locking problems were encountered. With respect to combustion cleanliness,
the experiences would suggest that 10 pct methanol in the fuel may not clean
deposits from an engine, but may aid in slowing deposit formation. Overall,
no serious problems were associated with the use of methanol in the fuel; the
major benefit was seen in the methanol's service as an aid to reduce engine
deposit formation. -
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TABLE 7. - Exhaust emissions and fuel economy

(10 pct methanol, extended service)

Elapsed
miles

Emissions, g/mile

Fuel economy, mi/gal

co | Hc | no, lvAldehvdes | Methanol

o - - - -

VEHICLE A

X -

8 0.21
.8 .21
1 .15
8 .18

----------

----------

Urban | Highway
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VEHICLE OPTIMIZATION FOR METHANOL/GASOLINE BLENDS

Exper1mental data were obtalned using a statlonary 1975 350-cubic-inch-
displacement (CID) engine to obtain an indication of optimum conditions for
best fuel economy with each methanol concentration. Results with this engine
showed conditions for optimum fuel economy to range from 1.1 to 1.25 A/F
equivalence ratio with MBT timing. A slight improvement in fuel economy was
noted without the use of exhaust gas recirculation (EGR); however, the MBT
timing point was shifted depending on the use of EGR.

Air-fuel mixture was optimized for each fuel blend by adjusting to
provide 1.1 to 1.2 A/F equivalence ratio at idle; 1,200; 1,600; 2,200 engine
rpm. Ignition timing was retarded from MBT as necessary to control NO, emis-
sions to 2 g/mile; EGR and ignition timing were varied to determine whlch
NO, control method (EGR or spark retard) resulted in the least fuel penalty

Emission/fuel-economy cycle test data (table 8) show a slight gain in
fuel economy by using EGR and best ignition timing as opposed to spark retard
alone; that is, without EGR. Results by others have suggested similar find-
ings (3). With this background for guidance, the tests were conducted with
EGR, and the standard advance curve was used except for adjustment of basic
timing to result in 45° advance at 55 mph with EGR.

TABLE 8. - Exhaust emissions and fuel economy
(2 grams NOy, best fuel economy

Pct MeOH | A/F Eq.t Emissions, g/mile Fuel rate, mpg' [Fuel rate m/105 BTU
in fuel ratio CO HC X Aldehydes | yrban | Highway Urban Highway
Clear 1,18 4,11 0.65 1.90 0.03 12.6 19.1 10.9 16.5
5 1.19 2,32 .62 1.88 .03 12.3 18.8 10.9 16.7
10 1.13 4,92 .60 1.83 .04 12.6 18.5 11.5 16.9
15 1.13 2.84 .65 1.94 .03 12.0 17.8 11.3 16.7

1 Average for idle 600; 1,200; 1,600; 2,200 rpm steady-state,
? Represents average of three replicate tests.

The emission/fuel-economy data for the vehicle optimized as described
for clear, 5, 10, and 15 pct methanol show essentially equivalent fuel economy
(based on an available energy basis) for each of the fuels with the engine
adjusted to provide equivalent emission levels.

ROAD OCTANE TESTS
The high-octane quality of pure methanol is well documented, and much
experimental work has been done with single-cylinder CFR engines to provide

information on the octane blending value of methanol in methanol/gasoline
blends (5). However, road-octane data from late-model ‘vehicles using

16



methanol/gasoline blends are lacking in current literature. To provide some
information of this nature, an experimental program was undertaken using
current-production vehicles.

.Tests were conducted using a six vehicle fleet (vehicles C, D, E, F, I,
and J) with engine size ranging from 140 to 351-CID. The test procedure was
to run modified Uniontown road-octane tests (é) comparing test fuels with
mixtures of isooctane and heptane. Test fuels consisted of three base fuels
of 84, 87, and 91 research octane number (RON) each with 0, 5, 10, and 15 pct
methanol in gasoline. 1In an effort to maintain similar base fuel composition,
the base fuels consisted of an unleaded, low-octane Indolene for the 91 RON
base fuel and mixtures of 12.5 and 25 pct of a low-octane, full-boiling-range
stock in Indolene to provide the 87 and 84 RON base fuels, respectively.

Figure 5 presents results with
data for all vehicles averaged. These : Base fuel
data show octane improvement with the
low-octane base fuel as much greatet
than that with the high-octane base
fuel. Fifteen pct methanol in the
low-octane base fuel resulted in 7.3
road-octane-number increase compared
to a 3.8 road-octane-number improve-
ment with the high-octane base fuel.
‘Road-octane data from the individual
vehicles are given in table 9.

84 octane

87 octane

91 octane

The blending octane values (BOV)
of methanol in the methanol/gasoline
blends are calculated and presented in
table 10. The blending octane value

ROAD OCTANE NUMBER INCREASE

1 1
is defined as follows: 0 5 10 15 20
METHANOL, pct

-

BON - Nf(1-X)

BOV = <

FIGURE 5. - Octane Quality Increase
Due to Methanol Addition
to Gasoline (Average 6

Vehicles).

where BOV = Blending octane value,
BRON Blend octane number,
Nf = Octane number of base fuel, and
X =" Volume fraction of methanol in blend.

Other researchers have shown that when considering fuels with a wide range of
methanol content BOV is a strong function of the volume fractiorn of methanol
in the fuel. However, over the range typically considered as practicable for
automotive use (5 to 15 pct methanol) the BOV, based on road octane, was shown
to be relatively insensitive to methanol fuel level and highly dependent on
the octane of the base fuel. The average BOV of methanol, based on road
octane, ranged from 114 for the 91 RON base fuel to 132 for the 84 RON base
fuel. Blending octane value of methanol was also shown to be sensitive. to
test vehicles as evidenced by a spread of 30-40 BOV numbers within the six

car test fleet for a single test fuel.
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TABLE 9. - Road octane quality of methanol/gasoline mixtures

Modified Uniontown road octane rating

Vehicle engine displacement, CID

Fuel 140 250 262 318 351 350

91 RON base fuel
clear........... 88.5 88.7 89.2 87.8 87.0 89.8
+57 MeOH........ 90.2 89.2 92.1 89.1 87.7 90.8
+10% MeOH....... 91.6 89.8 93.8 90.1 88.4 91.9
+157% MeOH....... 92.6 91.0 95.5 91.3 89.9 < 93.5

87 RON base fuel:
clear.....vcve.. 86.5 86.6 86.0 86.4 85.2 87.5
+5% MeOH........ 89.0 88.0 88.9 88.1 85.9 89.0
+10% MeOH....... 91.2 88.9 "91.8 90.0 87.3 90.1
+15% MeOH....... 92.0 89.6 92.8 90.8 88.0 92.0

84 RON base fuel:
clear........ e 81.2 83.6 81.5 84.0 81.9 84.2
+5% MeOH........ 84.9 85.9 84.3 86.3 84.0 86.1
+10% MeOH....... 88.3 88.0 88.3 88.7 85.9 88.1
+15% MeOH....... 91.8 88.8 91.0 90.4 87.9 90.1

TABLE 10. - Blending octane vélue of methanol in
methanol/gasoline mixtures

BOV methanol (based on road octane rating)

Vehicle engine displacement, CID

. Average

Fuel 140 250 262 318 351 350 all vehicles
91 RON base fuel:

+5% MeOH........ 122 99 147 114 101 104 114

+10% MeOH....... 120 100 135 110 101 111 113

+15% MeOH....... 116 104 131 111 106 115 114
‘87 RON base fuel:

+5% MeOH........ 137 115 144 120 99 118 122

+10% MeOH..... .o 134 110 144 122 106 114 117

+15% MeOH....... 123 107 131 116 104 118 116
84 RON base fuel:

+5% MeOH........ 150 130 137 130 123 122 132

+10% MeOH....... 152 128 150 131 122 123 134

+15% MeOH....... 152 118 145 127 122 124 131
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Methanol addition to gasoline without changing carburetion effectively
results in an A/F that is leaner than would be found with straight gasoline.
In order to determine if mixture enleanment due to methanol addition caused
perturbation in road octane requirement, road octane tests were conducted with
each of three vehicles (E, F, and I) with A/F approximately 13, 15, and 17 at
wide-open-throttle (WOT). Road octane data based only on three vehicles must
be considered inconclusive and treated cautiously, but major trends may appear
regardless of the limited sampling. Results (table 11) suggest a trend toward
increased road octane requirement at leaner A/F mixtures for two of the
vehicles, whereas the third vehicle suggested decreased road octane require-
ment with the leaner A/F. Although the findings are inconclusive, they do
suggest vehicle road octane requirement varies considerably with vehicles and
is not consistently affected by A/F in the range tested.

TABLE 11. - Road octane quality of methanol/gasoline
mixtures at varied air-fuel ratio

Modified Uniontown road octane rating .
Vehicle I (262-CID) Vehicle F (351-CID) Vehicle E (350-CID)
. A/F ratio, WOT A/F ratio, WOT A/F ratio, WOT
13 15 17 13 14 16 13 15 16
91 RON base fuel:
clear........unn 89.2 89.0 91.1 87.0 88.5 89.0 89.8 87.0 85.5
+5% MeOH........ 92.1 91.5 91.9 87.7 89.0 90.1 90.8 88.5 87.0
+10% MeOH....... 93.8 94.2 94.1 88.4 89.8 91.0 91.9 90.5 90.1
+15% MeOH....... 95.5 96.5 96.0 89.9 90.3 92.0 93.5 93.7 93.3
87 RON base fuel:
clear...c.eevuns 86.0 86.5 88.1 85.2 85.5 87.0 87.5 84.5 84.0
+5% MeOH........ 88.9 88.9 90.5 85.9 87.0 88.2 89.0 87.0 86.0
+10% MeOH....... 91.8 92.1 93.0 87.3 88.4 89.2 90.0 90.0 89.0
+15% MeOH....... 92.8 94.9 95.4 88.0 89.2 - 90.5 92.0 93.0 92.0
84 RON base fuel:
clear...evueeenn 81.5 82.9 83.2 81.9 83.0 82.5 84.2 82.5 82.0
+5% MeOH........ 84.3 86.2 87.5 84.0 84.5 84.8 86.1 85.5 84.2
+10% MeOH....... 88.3 89.8 90.4 85.9 86.5 87.0 88.1 87.5 87.1
+15% MeOH....... 91.0 92.8 93.5 87.9 88.0 88.5 90.1 90.8 90.4

The blending octane values of methanol in methanol/gasoline mixtures
are calculated, averaged, and presented in table 12. The data suggest that
the BOV of methanol may be reduced at A/F near 13 compared to the leaner con-
ditions, especially using the low-octane base fuel. Blending octane value of
methanol was also shown to be dependent on base fuel at.all A/F tested.

PERFORMANCE MAPPING--METHANOL,
METHANOL/GASOLINE BLENDS

An emissions/fuel-economy map was generated both using methanol and
methanol/gasoline fuel blends in a 1975 model 350-CID engine mounted on a
test stand and coupled to an eddy-current dynamometer through an automatic
transmission. Exhaust emissions and fuel rate were determined at steady-
state operating conditions.
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TABLE 12. - Blending octane value of methanol
in methanol/gasoline mixtures

Air-fuel Average blending octane value,! methanol
ratio 91 RON base fuel 87 RON base fuel 84 RON base fuel
WOT 5% MeOH' | 10% MeOH | 157 MeOH 5% MeOH | 10% MeOH | 15% MeOH 5% MeOH | 10% MeOH | 15%Z MeOH
13 119 116 117 120 121 118 128 132 130
15 119 122 124 128 124 131 135 134 134
16 118 120 123 124 127 128 141 139 138

cylinder-to-cylinder fuel distribution.

lpased on modified Uniontown road octane rating (average of vehicles E, F, I)

The engine test parameters included the following:

Engine speed:
Power output:

Air fuel:

Ignition timing:

EGR:
Catalyst:

Compression ratio:

Fuels:

600; 1,200; 1,600; and 2,200 rpm
Road load (1,200 rpm-12 hp; 1,600 rpm-16.3 hp;
2,200 rpm-13.2 hp)
Air-fuel equivalence settings were varied from 1.1
to the maximum lean-operating limit.
Minimum timing for the best torque (experimentally
determined) at all compression ratios. In the
standard compression ratio (CR) configuration ignition
timing was MBT, standard, and retarded approximately
10° from MBT.
EGR on and EGR off
Exhaust was sampled before and after  standard
oxidation catalyst.

8.3 (standard), 9.3, 10
5, 10, and 15 pct MeOH in high-octane, unleaded
Indolene plus 100 pct methanol

The base fuel was unleaded, high-octane Indolene; the inspection data for
the fuel are presented in table 13.

Air-fuel ratio was controlled by use of a prototype sonic-flow carburetor
(Dresserator) chosen for ease in adjusting A/F mixture and for providing good

This carburetor was used in conjunc-

tion with a high-volume intake manifold  (Offenhauser)--a single plane manifold
with an exceptionally large volume immediately below the carburetor.

with 100 pct methanol fuel.

Fuel cylinder-to-cylinder distribution was monitored by sampling the

exhaust from each cylinder via a sample probe positioned as near as practicable
to the exhaust valve.
manifold, fuel maldistribution was found to be a major problem, especially

Even with the sonic-flow carburetor and large intake

In order to obtain adequate fuel distribution

with 100 pct methanol, it was necessary to reposition the carburetor depending



on engine speed or load. Cylinder- TABLE 13. - Physical prbperties of
to-cylinder fuel distribution was base fuel-emissions
determined for each speed, compression- mapping tests
ratio combination, using both 100 pct
methanol and 5 pct methanol prior to
emission/fuel-economy measurements.
The cylinder-to-cylinder fuel-distri-  Gravity, °API......eceeeeeecaess 99.4
bution data are presented in figures
A-1 through A-6.

Reid vapor pressure, psi........ 9.0
Research octane No, ...eceveoeas 96,6

"Engine CR changes were accomp- Distillation, ASTM D-86, °F:

lished by milling the surface from the

engine heads. Engine CR's were not IBP..vcosesonsnassssasssansaes 86
measured but were calculated by Pct evaporated: ,

assuming that the cylinder heads were 10...iiieeeecnnvansoaseseass 133
a cylindrical area. The fact that the 50 . ceeerncaossonconeseacsses 221
heads were not exactly cylindrical L 3 &
throughout the area removed would End point....cceeecesevensesaas 397

result in CR slightly lower than

reported. The intake manifold was
also necessarily milled to allow OlefinS..cevivneecnncannneaees 7.4
proper sealing surfaces. AromaticS..cveeeccccsseccences 29.5

FIA, vol-pct:

Optimum ignition timing was experi-
mentally determined for each air-fuel/speed adjustment. The method consisted
of first adjusting air-fuel mixture and engine speed to the appropriate test
value at approximately the predetermined road-load condition and then, with-
out further carburetion (air or fuel) changes, incrementing ignition timing
while maintaining constant engine speed by regulating the power absorbed by
the dynamometer. The ignition timing that corresponded to the point that
maximum power began to decrease as ignition timing was adjusted toward top
dead center (TDC) was defined as MBT. Power differences between the actual
road-load power and power at which the MBT point was determined were small
and not expected to alter the actual MBT point.

Tests with the standard CR engine were conducted with the ignition timing
set at MBT, standard manufacturer's setting, and retarded somewhat from MBT
(approximately 10°) to determine the emissions/fuel-economy comparison for
vehicles using methanol or methanol/gasoline blends with varied ignition
timing. Tests with the higher compression ratio engines were conducted with,
ignition timing adjusted to MBT for each test condition.

Engine road-load power was determined by reproduction of intake vacuum
of the vehicle operated over the road at steady-state conditions with the
intake vacuum of the vehicle's engine mounted on a test stand. The measured
road-load power agreed with the computer-simulated values based on vehicle
weight and frontal area.
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THE PERFORMANCE MAP--DISCUSSION

The following discussions summarize our interpretation of data generated
at 1,200; 1,600; and 2,200 rpm at MBT timing and without the use of an oxida-
tion catalyst. Results obtained in tests with ignition timing at other than
MBT are discussed in a following section. Detailed data are in tables A-16
‘through A-36.

Figures 6 through 13 present a comparison of emissions and fuel con-
sumption with A/F at various combinations of CR, EGR, and methanol concen-
tration. Figures 6 and 7 present CO and unburned-fuel-emissions data generated
at 1,600 rpm and generally represent similar trends at other speeds. Oxides
of nitrogen and fuel-consumption data, which are of major interest, are
‘presented for each test speed in figures 8 through 10 (NOy) and 11 through 13
‘(fuel consumption).

Fuel Effect

For each unique combination of A/F, CR, EGR, and speed (all held
constant between fuels) the addition of methanol at 5, 10, and 15 pct had no
effect on CO emission, unburned fuel, or fuel energy consumption. Oxides of
nitrogen emission, however, generally decreased slightly as the methanol fuel
concentration was increased from 5 to 15 pct.

The use of pure methanol in lieu of gasoline or gasoline/methanol,
resulted in CO emissions appreciably lowered and in NO, emissions lowered by
a factor of 2 to 3. Except for the high CR configuration, unburned fuel
emissions were generally about the same either using pure methanol or using
blends. For the high CR engine configuration, unburned fuel emissions were
lower with pure methanol than with blends. Fuel energy consumption using the
standard CR engine was about the same or only slightly higher using pure
methanol compared to blends; with the high CR configuration, fuel energy con-
sumption was lower when using pure methanol.

Air-Fuel Effect

Carbon monoxide emissions were generally increased as the A/F mixture was
adjusted from 10 pct lean to the lean operating limit. The effect was apparent
at all speed and CR conditions both with and without exhaust recirculation.
However with pure methanol, A/F adjustment in the far-lean region had much
less.effect toward increased CO emissions.

Unburned fuel emissions were also increased as the A/F was adjusted from
10 pct lean to near the lean operating limit. The increase was consistent
both with the methanol/gasoline fuel blends and with pure methanol. The
increase was slight in the range of 10 to 20 pct lean with methanol/gasoline
blends, and in the range of 10 to 30 pct lean with pure methanol fuel. As the
A/F approached the lean operating limit, HC emissions increased rapidly with
all fuels. Operation with pure methanol fuel allowed extension of the lean
limit to near 50 pct lean compared to 30 to 40 pct lean for the methanol/gaso-
line mixtures. It should be pointed out that as A/F was adjusted, the
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ignition timing (which may affect unburned fuel emissions) was also adjusted
in order to maintain MBT timing.

Oxides of nitrogen emissions were decreased as the A/F was adjusted from
10 pct lean to the lean operating limit. The effect is substantial and is
consistent with each fuel blend as well as with pure methanol. It should be
‘pointed out again that in this series of tests ignition timing.was advanced
in order to maintain MBT timing as the A/F was leaned. An ignition timing
advance characteristically increases NOy emission while mixture enleanment
characteristically reduces NO, emission. Therefore, it would not necessarily
be expected that there be a consistent reduction in NO, with mixture enlean-
ment while maintaining MBT spark timing.

Fuel energy economy was not consistently affected by change in A/F
mixture within the test range of fuel methanol content at MBT timing except
for adjustment near the lean operating limit which usually resulted in
increased fuel consumption for all fuels.

Compression Ratio Effect

As compared with the standard CR, the high CR configuration using either
MeOH or blends generally produced lower CO emissions, higher unburned fuel
emissions, higher NOy emissions, and reduced fuel energy consumption. Notable
exceptions to the generalized statement above were observed for methanol/
gasoline blends during the low-speed tests with EGR; for these tests unburned
fuel emissions were somewhat lower with the high-compression configuration
than with the standard engine. The comparable tests with pure methanol sug-
gested no definite trends of unburned fuel emissions with engine CR. It:was
observed, however, that with the higher CR engines using methanol/gasoline
blends operation at slightly leaner A/F was possible before the abrupt in-
crease in unburned fuel emissions near lean limit.

The NO, increase with higher CR was found much more pronounced with
methanol/gasoline blends than with pure methanol for which NOx emissions
typically are very low. Generally stated, a change to higher CR tended to
increase NOyx the most at those engine conditions that, of themselves, are
associated with high NOy. These are operation at 10 to 20 pct lean A/F, high
speed without EGR. Oxides of nitrogen sensitivity to CR was relatively low
with CR change in combination with those engine adjustments typically associ-
ated with low NO, values.

Use of pure MeOH in the high CR engines resulted in 10 to 15 pct decrease
in fuel energy consumption from the fuel requirement to using pure MeOH in
the standard engine. Results of comparable tests using methanol/gasoline
blends suggested a 5 to 10 pct decrease in fuel energy consumption with change
to the higher CR.
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Exhaust Gas Recirculation Effect

The use of EGR resulted in substantially increased CO emission levels
when using methanol/gasoline fuel blends. However, CO emissions were
essentially insensitive to EGR when using pure methanol at equivalent test
conditions.

Unburned fuel emissions were generally increased by the use of EGR with
all fuels. The effect was particularly prominent at low speed; at the higher
speeds the EGR influence on unburned fuel emissions became essentially neg-
ligible.

Exhaust gas recirculation with MBT timing resulted in substantial NO,
reductions. The effect of EGR was much more pronounced with methanol/gasoline
as compared to the effect with pure methanol--following from the fact that
with methanol NOy emissions are low with or without EGR. As expected the
effectiveness of EGR in reducing NOy was found greatly diminished at A/F
approaching the lean limit.

A fuel economy penalty of -approximately 5 to 10 pct for methanol/gasoline
fuel blends was generally associated with EGR. The trend was more pronounced
at the lower speeds of 1,200 and 1,600 rpm--less pronounced at 2,200 rpm.

Equivalent tests using pure methanol generally resulted in no fuel
economy penalty due to EGR. Some exceptions are to be found--for example, a
5 pct penalty with EGR in the case of the 8.25 CR engine operating at 2,200
rpm; these may, however, be only a reflection of variability in that engine.

Ignition Timing

Data were taken in experiments designed to yield information in the role
of spark timing in affecting exhaust emission and fuel economy with methanol
and methanol/gasoline blends. For these tests, the engine was used in its
standard configuration (8.25 CR). Data were taken operating the engine with
A/F from 10 pct lean to the lean limit with and without EGR and with spark
timing adjustments (a) to manufacturer's specifications, (b) MBT, and (c)
retarded approximately 10° from MBT.

All data are presented in the appendix; selected data are shown graph-
ically in figures 14 through 17. Carbon monoxide emissions (figure 14) are
shown independent of ignition timing within the range tested; unburned fuel
emissions are highest at the most advanced condition (MBT) and lowest at the
most retarded condition (standard). The effect of timing on unburned HC is
pronounced with methanol/gasoline blends but negligible using pure methanol.
Oxides of nitrogen emissions (figure 16) are approximately doubled by opera-
tion at MBT spark timing compared to the standard timing condition. The
effect is consistent with each fuel blend both with and without EGR, although
the absolute NOy level is of course lower with EGR.
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Both with and without EGR, fuel energy consumption rates (figure 16)
were found to be approximately 20 pct lower at MBT timing compared to
standard ignition timing; this was found with all fuel blends. Fuel consump-
tion increased rapidly at the standard ignition timing/lean A/F combinations.
As the A/F is leaned from near stoichiometric, the ignition timing must be
advanced to maintain level power output at constant fuel rate. Therefore,
maintaining standard spark timing while leaning the A/F would be expected as
the data confirm, to adversely affect fuel economy. Fuel penalty was associ-
ated in the EGR at all spark-advance settings for all methanol/gasoline
blends. However, using pure methanol, EGR adversely affected fuel economy
only with the less-advanced firing schedules; which is to say that as spark
timing was advanced using pure methanol the fuel economy sensitivity to EGR
diminished and disappeared.

SUMMARY

Methanol/Gasoline—--Vehicle and
Simulated Cycle Tests

With respect to vehicles adjusted for gasoline fuel, the addition of
5 to 10 pct methanol to the gasoline resulted in increased unburned fuel
emission, reduced CO emission, and reduced fuel energy economy; NOx emissions
were unchanged. Aldehyde and unburned methanol in the exhaust were typically
increased by addition of methanol, but catalytic treatment of the exhaust
selectively reduced those components with higher efficiency that was found
for the accompanying CO and HC. Over a wide range of ambient temperatures,
the emission data for methanol blends suggest that vapor-pressure effects from
methanol addition can be significant and that, if methanol were used as a
fuel component, it would be necessary that vapor-pressure characteristics of
the base fuel be appropriately tailored. There is the parallel clear infer-
ence that addition of methanol in random distribution would be unsatisfactory.

Five test vehicles each using 10 pct methanol in gasoline were operated
for approximately 7,500 miles. During the test period, emissions levels and
fuel economy remained essentially stable, and none of the vehicles failed to
operate because of fuel-related problems.

A vehicle was optimized for best fuel- economy at a given level of NOx
control using each of four fuels--clear gasoline, and gasoline with 5, 10,
and 15 pct methanol. Results showed that exhaust emissions and fuel energy
economy were essentially unchanged between fuels.

Road-octane tests showed the blending octane value of methanol in
methanol/gasoline mixtures to be dependent on the octane number of the base
fuel. The BOV of methanol, based on road-octane rating, ranged from 114 for
a 91 RON base fuel to 132 for an 84 RON base fuel. Additional road-octane
tests at A/F from 13 to 7 showed no consistent trend of road-octane sensitivity
to A/F; in general, however, the BOV of methanol tended to be lower at 13:1
A/F as compared with blending vaiues found with leaner A/F adjustment.
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Methanol and Methanol/Gasoline—-
Engine Dynamometer Tests

Emissions and fuel economy were determined for an engine operated at
steady-state conditions and using gasoline, methanol/gasoline blends, and
pure methanol. Results suggested that with proper engine adjustments, up to
15 pct methanol could be used in gasoline without substantially affecting
emissions or fuel economy. Devices and/or engine adjustments that influence
emissions and fuel economy using gasoline have generally comparable influences
using methanol/gasoline blends.

With pure methanol as fuel, CO and unburned fuel emissions levels either
were lower or were equivalent to those measured when using methanol/gasoline;
‘similarily compared, NO, emissions were reduced by a factor of 2 to 3.

Using pure methanol, an increase in compression ratio from the engine’s
standard 8.25:1 to 10.25:1 resulted in a 10 to 15 pct increase in fuel energy
economy with only a minor increase in NO,. The use of pure methanol may
allow extension of the lean operating limit and increased engine CR to effect
both low emissions and good fuel economy; requisite to use of pure methanol,
however, is development of an adequate fuel-air management system.
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TABLE A-1. - Exhaust emissions and fuel rate

~=Vehicle A, commercial base

fuel/methanol blends—-

Ambient temperature, °F.., 20 75 100
Methanol concentration J ‘ I I
in base fuel ..,........ Clear 5% 10% Clear 5% 10% Clear | 57 107
INDIVIDUAL BAG EMISSIONS, gram/test
oo, Bag l.......... 558.7 461.9 429.4 161.6 117.6 85.3 121.3 107.9 63.9
M2 i 91.0 67.3 44.5 98.4 70.5 44.3 91.8 123.0 88.1
L T 80.3 60.1 41.2 89.2 62.1 52.8 86.4. [139.8 82.7
HC, Bag l.......... 30.1 21.7 24,4 7.7 8.1 10.6 8.7 4.7 11.2
Y2t 5.7 7.1 9.2 5.7 7.1 7.4 7.0 7.1 8.3
L 5.0 7.2 7.4 5.1 9.9 9.6 6.6 9.7 10.6
NO_, Bag 1l.. ....... 5.0 5.8 5.1 5.4 5.8 5.7 5.0 6.1 6.0
x M 2ieiiiame 4.6 5.3 4.5 4.7 4.4 4.8 4.5 4.7 4.9
L 6.0 6.3 5.9 5.9 5.8 5.5 5.5 7.4 4.8
Aldehydes, Bag l.......... 0.77 0.85 0.85 0.60 0.44 .65 0.62 0.69 0.72
L .91 .91 1.20 .80 .86 .93 .90 .92 .97
R P .59 .64 .81 .48 .64 .53 .51 47 .56
Methanol, Bag l.......... 0.13 0.72 0.64 0.11 0.33 0.70 0.14 0.56 0.77
L S .08 .35 .73 .09 .33 .58 .13 .37 .46
I PO . .06 .31 .51 .08 .93 1.05 .10 .99 . 1.91
COMPOSITE 1975 FTP, gram/mile »
[ 50.3 40,0 33.7 29.2 20.9 16.2 25.8 3.2 21.7
HC..ovvvenns. 2.9 2.7 3.2 1.6 2.2 2.3 1.9 2.5 2.4
NOpevvevvenenn, 1.4 1.5 ‘1.4 1.4 1.4 1.4 1.3 1.4 1.4
Aldehydes...,. .21 .22 .27 .18 .20 T.21 .20 .20 .21
Methanol.......ooiusraeses .02 _ .1 .17 .02 .13 .29 .03 .16 .20
FUEL ECCNOMY, miles/gallon '
Emission cycle....uv.oueunn 8.5 8.2 7.8 9.1 9.2 8.4 9.5 8.5 8.6
Highway cycle....... canses 16.9 15.7 15.2 15.3 15.2 14,1 "16.1 14.5 14.7
FUEL ECONOMY, miles/10° btu
Emission cycle...... eeene 7.5 7.5 7.3 8.0 8.3 7.8 8.4 7.7 8.0
Highway cycle........... ..l 150 1.3 14.2 13.6 13.9 13.2 +14.3 13.2 13.8
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TABLE A-2. - Exhaust emissions and fuel rate

—-Vehicle A, Indolene base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration l | I L
ir: base fuel...........- 5% 10% Clear 5% 10% Clear 5%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l.co.ovenn . 527.0 508.0 186.0 128.0 100.0 126.7 131.0
"2 58.9 43.2 94.7 69.7 135.5 | 194.8
E T 51.2 36.1 98.8 89.9 170.0 217.4
HC, Bag l......... . 23.8 19.2 10.8 10.2 9.3 8.1 7.9
LA S 5.1 6.4 6.4 8.6 10.0 4.3 4.0
" 3., .. 5.8 7.0 6.2 9.0 10.3 7.3 8.4
NOy, Bag l........ .. 7.3 6.8 6.2 6.6 7.3 5.7 5.1
Y2 5.5 4.6 5.5 5.7 5.7 4.5 3.9
T3 7.3 6.6 6.4 6.6 6.8 4.9 4.6
Aldehydes, Bag l.......... 0.66 0.83 0.74 0.78 0.93 0.57 0.5
L SN .78 1.08 .94 1.14 1.44 .66 .66
B PN 47 .62 .58 .70 .85 .49 .47
Methanol, Bag l.......... 0.49 0.76 0.11 0.27 0.13 0.29
A SO .23 .52 .06 .37, .66 .11 .25
A PN .29 .50 .05 .81 .13 .87
COMPOSITE 1975 FTP, gram/mile
42.0 37.6 30.8 22.3 7.2 38.2 50.0
2.5 2.5 2.0 2.3 2.6 1.6 1.6
; 1.7 1.5 1.6 1.6 1.7 1.3 1.2
Aldehydes.......cceeene e .18 .24 .21 .24 .31 .16 .1
Methanol...o.o.ooueosecosons .08 .15 .02 .13 .27 .03 .1
: FUEL ECONOMY, miles/gallon
Emission cycle......covenes 8.4 I 8.4 1 8.6 l 8.8 ‘ . | 9.0 8.9
Highway cycle......oocv.-- 14.9 15.6 15.0 15.1 14. 15.5 16.2
FUEL ECONOMY, miles/107 btu
Emission cycle...........e 7.5 7.7 7.6 7.8 7.7 7.8 7.9 0
Highway cycle.......oonens 13.2 14.3 13.0 13.5 3.4 13.4 14.4 .9

S




TABLE A-3. -~ Exhaust emissions and fuel rate

--Vehicle B, Commercial base .
fuel/methanol blends--_-

Ambient temperature, °E... 20 75 100
Methanol concentration I | ] I ] I
in bagse fuel.......... . Clear 5% 10% Clear 5% 10% Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l.......... | 1122,0 1125.0 1C08.0 199.0 125.0 43.9 133.0 111.0 80.6
M2 iia e . 70.2 34.5 19.3 54.6 31.0 15.9 49.7 65.6 27.2
L 35.1 22.9 20.0 60.9 45.5 36.8 71.0 130 84.6
HC, Bag l...... _—en 43.8 48.2 Si.l 10.3 9.6 11.0 9.4 9.2 14.9
"o2.... e 4.5 4.6 3.9 5.4 5.5 4.5 5.2 6.1 4.9
"o3.... 5.3 5.6 8.0 7.0 11.0 11.5 8.7 10.9 12.3
Nox, Bag l....0vvunn 3.1 2.9 4.0 7.4 7.6 7.1 5.6 5.5 6.7
"2 6.3 6.0 4.8 6.6 5.6 4.8 6.5 6.0 5.6
o~ L 7.1 6.9 5.8 6.9 6.8 6.2 6.8 6.5 6.4
~J
Aldehydes, Bag l.......... |  0.47 0.45 0.64 0.37 0.30 0.49 0.34 0.46 0.57
"2 e, .25 47 .72 .45 450 .58 .38 .49 .54
R PO .40 .40 .61 .32 .39 .52 .33 42 45
Methanol, Bag l.......... 0.11 0.97 3.1 0.15 . 0.35 0.70 0.16 0.41 .86
Y2t .09 .25 42 A1 - .20 46 .13 .29 .37
A PP .08 .19 .64 .16 1.08 1.43 .14 .92 2.28
COMPOSITE 1975 FTP, gram/mile
COtrvenennnencnocancnnnnes 76.4 70.8 61.9 23.3 1 146.7 . 1.4 19.7 25.0 14.7
HC.ttiiiii ittt innnnes 3.6 3.8 4.1 1.8 2.1 2.1 1.9 2,2 2.4
NOgeceeronrnoeenennnroonas 1.6 1.5 1.3 1.3 1.7 1.5 1.7 1.6. 1.6.
Aldehydes.....ocvnecrvenn, .09 .12 .18 .11 .11 .15 .10 .12 .14
Methanol.......oove-uaenna .02 .10 .28 .04 .13 .22 .04 .19 .27
FUEL ECONOMY, miles/gallon ’
BEmission cycle..'......... T 9.1 l 8.6 I 8.1 I 10.5 I 10.6 I 9.6 ’ 11, I 10.3 ] 10.2
Highway cycle, ... uvunss 16.9 16.4 14.9 16.7 17.0 15.2 17.6 16.4 16.1
FUEL ECONOMY, wiles/103 btu
Emission cycle....vouvuuee 8.1 7.8 7.6 9.3 9.7 9.0 9.8 9.4 9.5 .
Highvay.cycle.......... .. 15.0 14.9 13.9 14.8 15.5 14,2 15.6 14.9 15,0
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TABLE A-4. - Exhaust emissions .and fuel rate

—--Vehicle B, Indolene base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100

Methancl concentration - I l I ] T [
in base fuel,...... Clear 5% 10% Clear 5% 10% Clear 5% 107
INDIVIDUAL BAG EMISSIONS, gram/test )

co, Bag l..covsern. 1370.0 1190.0 1269.0 169.0 101.0 79.9 113.0 115.0 68.0
L 59.5 25.6 19.7 33.6 21.4 14.9 78.2 177.0 97.0
L O .. 35.3 20.0 18.9 49.5 40.1 37.2 105.0 212.0 151.0

HC, Bag l.......... 57.3 43,1 35.4 12.0 9.3 10.2 8.2 10.4 10.6
L S 5.0 3.7 3.4 4.3 4.2 3.5 7.6 6.0 4.4
L T 6.8 8.9 10.2 8.7 6.1 16.0 10.5 13.5 14.0

NO_, Bag Ll.....vcvnn 3.2 2.9 4.2 10.2 8.5 8.2 6.4 6.9 7.7
" 2., 7.0 5.5 3.9 7.4 6.3 5.0 6.6 5.8 6.8
L O 8.7 6.7 5.4 8.5 7.5 7.0 6.9 6.5 7.3

Aldehydes, Bag l..... 0.42 0.42 0.43 0.43 0.56 0.59 0.38 0.45 0.49
"2, .48 .57 .77 .49 .66 .66 .35 .37 b4
L S .42 .53 .68 43 |0 .83 .56 .35 .29 .36

Methanol, Bag l.......... 0.08 0.92 1.49 0.13 0.32 0.60 0.17 0.41 0.65
L S .07 .24 .31 .10 .20 .32 .14 .41 .54
A PO . .07 .55 1.24 .09 .95 2,29 .15 .99 1.91

COMPOSITE 1975 FTP, gram/mile

COven..- e eeeeenanaen .. 87.8 73.2 76.8 18.1 11.7 9,30 24.9 45.8 28.3

HCovvrivnnreennesoanne 4.5 3.7 3.4 1.9 1.5 2.3 2.2. 2.4 2.3

NOKeveoreoeoarennanane 1.8 1.4 1.2 2.2 1.9 1.7 1.8 1.7 1.9

Aldehydes.....covvnuvenans .12 A .18 .12 .16 .16 .10 .10 .1

Methanol.......... eeeee.ns . .02 .13 .22 .03 .12 .25 .04 .15 .2

FUEL ECONOMY, miles/gallon
Emission cycle........... | 8.7 I 8.8 9.0 10.7 ] 10.4 I 10.3 l 11.4 I 10.6 I 10.6
Highway cycle.. ..o oo.v.n. 15.8 15.0 15.9 16.3 16.8 16.9 17.6 16.5 17.5
> FUEL ECONOMY, miles/105 btu
Emission cycle......... 7.5 7.8 8.2 9.3 9.2 9.4 9.9 9.4 9.7
Highway cycle.....ceverens 13.7 13.3 14.5 14,1 14.9 15.4 15.2 14.7 16.0
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TABLE A-5. - Exhaust emissions and fuel raté

~--Vehicle C, commercial base

fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration I I . |
in base fuel.. .. ..., Clear 5% 10% Clear 5% 10% Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag 1 ...... ves 430.1 355.5 343.8 150.7 98.5 81.0 | 119.5 95.3 68.6
"o2.,.... ves 56.2 26.0 16.1 41.8 18.7 14.3 67.2 | 109.9 62.7
B TN 65.8 39.2 27.5 76.5 62.3 47.1 | 102.2 | 161.9 | 104.2
HC, Bag 1....... 23.2 17.5 23.1 5.8 5.8 5.8 5.4 4.7 6.2
: R F 5.9 6.0 6.7 6.0 5.6 5.8 6.3 5.7 7.3
L P 3.8 4.7 4.9 4.4 6.2 6.9 4.9 5.8 7.4
NO_, Bag l.......... 9.8 11.3 12.3 8.8 9.9 8.9 7.9 7.2 | 9.6
A SO 13.6 13.2 15.4 9.6 10.3 7.9 11.7 7.5 10.9
" 3. . 9.7 9.7 10.1 8.2 9.2 8.0 8.3 6.2 7.3
Aldehydes, Bag 1.......... 0.68 0.79 0.65 0.55 0.46 0.51 0.51 0.44 0.59
I F .85 .72 .89 .81 .77 .86 74 .77 .90
A T A .72 .45 .49 .47 .52 .48 N .49
Methanol Bag l......... . 0.09 0.40 0.57 0.07 0.20 0.26 0.07 0.15 0.32
R PN .08 .28 .45 .10 .24 .40 .10 .21 .40
; AN PO .04 .27 .61 .06 .48 .92 .07 .20 .66
COMPOSITE 1975 FTP, gram/mile ’
CO0uivevennnronnsnnneasnnes 37.2 41.9 24,0 20.2 12.9 10:1 23,6 32.4 20.2
HC........ ceeenean Cemeeens 2.4 2.2 2.6 1.5 1.6 1.6 1.5 1.5 1.9
NOgevensns ceeeas aee 3.1 3.1 3.5 2.4 2.6 2.2 2.6 1.9 2.6
Aldehydes......ovvvemennns .19 .20 .19 .18 .17 .18 .16 .16 .19
Methanol.......eeesua cees .02 .08 .12 .02 .08 .14 .02 .05 .12
FUEL ECONOMY, miles/gallon
Emission cycle............ 11.1 10.3 l 9.8 [ 11.8 | 11.4 I 11.2 11.9 11.9 10.8
Highway cycle......... coes 20.2 17.2 | 16.8 16.5 15.6 15.2 17.7 17.8 16.3
FUEL ECONOMY, miles/10% btu
Emission cycle......e..... 9.8 9.4 9,2 10.5 10.4 10.4 10.6 10.8 10.1
Highway cycle..... Civeeene 17.9 15.7 15.6 14,7 14.2 14.2 15.7 16.2 15.2
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TABLE A-6.

- Exhaust emissions and fuel rate

~-Vehicle C, Indolene base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration I L I I I
in base fuel...vesesoses Clear 5% 10% Clear 5% 10% Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
cao, Bag l....... ... 363.3 330.1 | 292.3 | 103.2 | 79.8 68.5 |.79.6 | 77.0 | 50.7
R . 42.7 28.6 15.5 28.9 18.4 8.4 | 46.9 |143.7 | 66.6
L T . 43,2 38,2 23.9 55.2 | 53.0 42.4 | 89,0 [173.3 [116.7
HC, Bag l.vevuennns 13.8 20.4 22.1 6.5 6.2 7.7 5.2 5.7 5.8
LI SO .. 7.5 6.9 7.2 5.8 5.5 6.0 5.5 5.9 6.1
"3 ... 4.4 5.2 6.5 5.2 5.8 6.2 4.8 5.5 6.0
Ne Bag l....oenen. 11.8 1.1 12.7 11.7 11.0 12.0 | 10.2 | 10.6 | 10.8
"2, 13.2 16.1 15.9 13.2 11.2 10.6 | 13.9 7.5 | 10.9
L T . 12.4 10.5 9.5 10.1 9.9 10.0 8.3 6.1 7.9
Aldehydes, Bag l.......... 9.50 0.60 0.71 0.51 | 0.62 0.57 1.32| 0.48 | 0.47
T2 . .48 .87 .98 .77 .92 .73 yaA .80 .67
L VR 41 .43 .52 .46 .49 .55 .41 yyA .39
Methanol, Bag l.......... 0.07 0.34 0.74 0.06 | 0.28 0.33| o0.05s| o0.20| o0.38
L S .09 .24 .45 .06 .23 .42 .08 .25 .40
A P . .05 .26 b .05 .40 .86 .05 23 .65
COMPOSITE 1975 FTP, gram/mile '
CCivvevsnrovnnansnsnsnes . 30.2 25.7 20.7 14.0 | 11.1 8.3 | 17.6 | 36.8 | 20.7
HCuuevrnrnanns eieeae. .. 2.4 2.9 2.7 1.5 1.5 1.7 1.4 1.5 1.6
NC, tvernenns eerereeneaa, . 3.7 3.9 | . 3.6 3.2 2.9 2.9 3.8 2.1 2.9
Aldehydes......... I . .13 .18 .21 .17 .20 .17 .17 .17 .15
Methanol........ PPN .02 07 .14 .02 .07 .14 .01 .06 .13
FUEL ECONOMY, miles/gallon
Emission cycle............ ] 10.7 l 10.6 I 9.6 12.3 | 11.3 11.4 | 12.7 l 11.4 [ 11,4
Highway cycle,......c0000 18.2 17.8 16.1 19.0 17.5 16.5 19.3 17. 16.6
FUEL ECONOMY, miles/103 btu
Emission cycle....oeannaas ] 9.3 I 9.4 l 8.8 [ 10.7 10.0 10.4 11.0 I 10,1 10.4
Highway cycle........ ceees 15.8 15.9 14.7 16.5 | 15.6 15.1 ] 16.7 | 15.64 | 15.2
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TABLE A-7. - Exhaust emissions and fuel rate

--Vehicle D, Commercial base
fuel/methanol blends--

el

Ambient tempersture, °F... 20 75 100
Methanol concectration ]' , I
in base fuel....... ..., . Clear 5% 10% Clear 5% 10% Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag lL.......... 395.2 367.8 276.6 127.1 142.4 106.5 154.8 99.7 64.4
e S 38.0 18.4 13.6 14,3 13.8 10.0 64.8 167.9 150.0
R 41,3 34.4 22,0 49.6 57.5 51.3 101.9 243.2 199.2
HC, Bag l..ucveenn 28.9 31.5 31.5 12.4 16.3 13,2 12.9 9.6 9.6
20, ‘oo 2,2 .9 .8 1.3 1.3 1.1 6.8 14.5 14.7
B PR 1.7 3.0 3.2 5.4 8.9 10.5 8.7 19.8 22.1
NO_, Bag:l...0uc0nuus 6.5 6.8 7.8 7.0 6.3 6.4 5.6 6.0 6.4
e 2 6.0 6.2 7.2 6.7 5.7 5.0 4.8 3.3 3.3
N PR . 7.0 7.2 8.0 6.4 5.6 5.8 5.1 4.6 4,2
Aldehydes, Bag 1.......... 0.15 0.17 0.18 0.15| 0.20 0.18] 0.15] o0.14| o0.18
2., .o .04 .03 .03 .03 .01 .08 .03 .05 .05
R PO, .03 .03 .03 .07 .06 14 .09 .54 .82
Methanol, Bag l.......... 0.06 1,32 1.75 0.07 0.31 0.51 0.06 0.25 0.52
R S .01 .06 .07 .01 .03 .04 .0z .29 .46
R PPN . .01 .22 .30 .01 .19 44 .03 .65 1.36
COMPOSITE 1975 FTP, gram/mile
COo..... evecrmsccennsa . .30.9 26.2 19.3 13.0 14.4 11,3 25.3 46.6 38.8
HC. cesisene sererasannes 2.1 2.2 2,2 1.3 1.8 1.7 2.3 4.0 4,2
NO evienverenanennnnnannns .1 1.8 2.0 1.8 1.5 1.5 1.4 1.1 1.1
Al8ehydes...verrunnnnnn... .01 .02 .02 .02 .02 .03 .02 .06 .08
Methanol.....euesocoaceoes .01 .10 .07 .01 .04 .07 .01 .10 .20
FUEL ECONOMY, miles/gallon
Emission cycle.......... .. 14.4 I 13.1 I 11.9 [ 14.6 13.1 I 13.4 14.9 14.2 13.3
Highway cyecle...ovveeven.. 23.0 21.0 19.3 21.6 18.6 18, 22.2 22.7 21.0
FUEL ECONOMY, miles/105 btu
Emission cycle........ .. l 12.8 [ 11.9 11.1 13.0 ] 11.9 12.6 | 13.2 | 12.9 12.4
Highway cycle. . iiaoveneses 20.4 i 19.1 18.0 19,2 16.9 17.4 19,7 20.6 19.6
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A-8. - Exhaust emissions and fuel rate

--Vehicle D, Indolene base
fuel/methanol blends~--

Ambient temperature, °F... 20 75 100
Methanol concentration I I ‘ I l
in base fuel...seeauen .. Clear 5% 10% Clear 5% 10% Clear 5% 107
INDIVIDUAL BAG EMISSIONS, gram/test

co, Bag 1....... e 389.8 367.1 258.0 169.7 | 165.6 119.7 | 156.9 | 129.8 | 104.1
" 2., .o 19.2 22.5 14.0 35.1 39.3 28.8 |111.4 | 323.8 |222.1
L PO . 51.0 36.8 24.2 60.9 98.9 77.6 |[136.5 | 323.3 | 250.6

HZ, Bag leeevene.ns 42,7 42.8 26.7 10.7 17.5 12.5 10.2 8.4 9.6
L D 1.2 1.1 0.8 2.0 3.2 1.7 7.3 14.5 11.8
" 3., 1.9 3.5 3.0 3.5 10.5 9.8 7.3 17.8 20.1

NO, , Bag l....... cee 7.0 7.3 6.4 6.5 5.6 6.0 7.1 6.5 6.9
L S 7.7 7.5 7.2 5.0 4.6 5.2 4.9 2.9 3.8
"3, ceee 7.5 7.4 7.0 6.0 5.0 5.3 6.2 4.3 5.1

Aidehydes, Bag l...... veee 0.19 0.18 0.18 0.11 0.11 0.18 0.11 0.10 0.11
L .02 .02 .03 .01 .01 .01 .02 .20 .02
L RN .02 .02 .04 .01 .10 .05 .05 .17 .22

Methanol, Bag l.......... 0.19 1.42 1.62 0.44 0.32 0.54 0.05 0.20 0.44
L .01 .10 .11 .01 .12 .06 .02 .45 .46
R PPUPPUPUN .01 .20 .20 .01 . 3€ 44 .04 .85 1.15

COMPOSITE 1975 FTP, gram/mile

CCuevnnnnnnn ereenenacaees 23.8 26.8 18.5 19.0 22.2 16.6 34.2 75.2 54.6

HCuevuerneonrannans ceeenean 2.8 2.9 1.9 1.2 2.2 1.7 2.1 3.8 3.7

NG, eveennaneans Ceteeeneens 2.0 2.0 1.9 1.5 1.3 1.5 1.6 1.1 1.3

Aldehydes........... eenn .02 .01 .02 .01 .02 .02 .01 .05 .03

Methanol........... veseeas .01 .11 .12 .01 .06 .07 .01 .14 .17

FUEL ECONOMY, miles/gallon
Emission cycle....... eens l 13.2 12.5 I 12.1 15.1 14.5 13.6 15.2 12.9 13.1
Highway cycle......... cees 22.4 21.2 18.7 22.8 22.5 20.2 24.6 22.1 21.0
A FUEL ECONOMY, miles/103 btu
Emission cycle.......c0ee. I 11.5 11.2 l 11.1 l 13.1 [ 12.9 ] 12.5 12.9 11.5 12.0
Highway cycle....... ceeses 19.4 18.8 17.0 19.8 20.0 18.5 21.4 19.6 19.1



£q

TABLE A-9. - Exhaust emissions and fuel rate

—-Vehicle E, commercial base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration I I [ I
in base fuel............ Clear 5% 10% Clear 5% 10% Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l.......... 525.2 364.7 61.7 | 40.2 41.5 | 38.6 | 21.4 | 22.4
L S 12.0 2.2 26.1 1.3 1.0 5.7 2.1 1.4
L T 8.4 2.4 12.2 5.5 4.4  19.0 | 16.1 13.6
HC, Bag 1........ .. 23.9 14.9 4.2 4.7 8.1 4.6 4.4 5.5
"2 .7 .8 .6. A .7 4 .6 .7
L T .6 .6 .7 .6 .8 .8 | - 2.9 1.4
No,, Bag l.......... 7.7 7.6 8.9 8.5 8.6 7.8 8.2 7.3
I S 4.6 5.8 4.2 5.3 5.9 4.7 5.6 5.3
L PO 7.1 7.3 6.4 6.8 6.8 7.3 7.3 6.8
Aldehydes, Bag 1.......... 0.23 0.61 0.14{ 0.14 0.22| o0.19| o0.17] o0.19
L SO 03 48 01 .03 .03 01 o1 02
L T 02 38 01 02 .02 o1 03 04
Methanol, Bag 1....... e 0.43 0.77 0.06{ 0.13 0.37] o0.08| o0.17] o0.27
U .02 .02 .01 .01 .01 .01 .01 .01
i TR . .01 .01 .01 .01 .04 .01 .12 .27
COMPOSTTE 1975 FTP, gram/mile
[ v ceerieinens 32.4 21.4 8.0 2.9 2.9 A 2.7 2.5
HC...... et teereeeaenes 1.5 1.0 A A .6 A .6 .7
e T . 1.6 1.8 | 1.6 1.7 1.8 1.6 1.8 1.7
Aldehydes..:...euvrenunnnnr .02 A3 0 Lo *.01 .02 .01 .01 0
Methanol. . uoueeeeseesanens .03 .05 .01 .01 .02 01 02 0
FUEL ECONOMY, miles/gallon
Emission cycl2.uuuei.nwen.. l G4 ] 8.8 ] 10.8 I 9.2 | 9.1 l 10.9 9.9 9.7
Highway cycle....oeeeese.. 16.8 15.2 19.4 17.2 16.5 19.2 17.2 16.5
FUEL ECONOMY, miles/10° btu
Emission cycl=........... ; 8.6 ]' 8.2 9.6 8.9 l 8.4 9.7 l 9.0 I 9.0
Highway cyclew......oee... 15.3 14.2 17.3 15.6 15.4 17.0 16.7 15.4
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TABLE A-10. - Exhaust emissions and fuel rate

~-Vehicle E, Indolene base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration I I I l l
in base fuel............ Clear 5% 10% Clear 5% 10% Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l....c00ce K 429.1 455.7 361.3 50.1 56.6 45.5 59.9 34.1 24,
L S 49.1 5.7 1.9 16.7 1.2 .5 29.6 37.1 8.
B N 25.8 9.1 3.0 17.6 6.1 7.3 55.2 72.3 43,
HC, Bag l....ovvnen 20.9 21.5 18.0 4.3 8.1 8.7 4.8 5.5 11.
M 2 e .6 R .6 .6 .5 .7 .9 .8 .
L .6 .5 .6 9 .7 1,0 2,0 3.9 4,
NOX, Bag l..cvcvenns 7.6 7.1 6.7 8.1 7.6 7.4 6.4 7.5 7.
L 4,7 5.7 5.6 4.5 5.5 5.6 2.7 2.7 4,
L 7.3 6.8 6.6 6.7 7.1 6.6 4.6 4.3 5.
Aldehydes, Bag l.......... 0.16 0.15 0.23 0.10 0.17 0.17 0.14 0.16 0.
e .01 .01 .05 .01 .01 .02 .03 .01
R P .01 .01 .04 .01 .01 .02 .01 .02
M2thanol, Bag l.......... 0.06 0.35 0.63 0.06 0.16 0.28 0.06 0.17 0.42
N .01 .05 .01 .01 .01 .01 .01 .01
I P .01 .01 .02 .01 .02 .03 .03 .23
COMPOSITE 1975 FTP, gram/mile
{010 PPN veeneves 26.7 27.6 21.2 6.4 3.9 3.3 14,2 12.4 5.
HC..vvoononnnonns P . 1.3 1.3 1.1 .4 .6 .7 .5 .7 1.
NOx.oowo ceseseneen ceeean . 1.6 1.7 1.6 1.6 1.7 1.7 1.1 1.1 1.
Aidehydes....cevvnecccsens 01 .01 .02 .01 .01 .01 .02 .01
Methanol....oecoo.. . .o .01 .02 .04 .01 .01 .02 .01 .03
FUEL ECONOMY, miles/gallen
Emission cycle....eoeevnns I 9.2 | 8.8 l 8.5 I 10.6 10.0 9.3 I 10.9 I 10.5 9.
Highway cycle....... P 18.0 17.5 16.6 18.8 17.3 17.1 17.5 16.8 16.1
FUEL ECONOMY, miles/105 btu
Erission cycle...... e I 8.0 I 7.1 I 7.8 ] 9.2 8.9 l 8.5 9.4 I 9.3 I 8.
Highway cycle.seeeocassaee 15.6 15.6 15.2 16.3 15.4 15.6 15,2 14.9 14.
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TABLE A-11. - Exhaust emissions and fuel rate

--Vehicle F, Indolene base
fuel/methanol blends--

Ambient tempezature, °F... 20 75
Methanol conczntration . I l
in base fuek.........u.. Clear 5% 10% Clear 5% | 10% Clear I
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l.......... 1158.4 "1090.4 892.0 66.5 50.4 49.2 38.4
M2, 35.5 23.2 18.6 28.8 17.1 15.1 36.4
T T 26.3 18.1 21.5 22.9 41.2 27.9 44,8
HC, Bag l.......... 71.8 64.7 47.0 6.6 7.7 10.1 7.5 8.3
Y2t 5.4 7.0 8.5 6.6 3.9 8.9 6.5 7.9
F T T 5.1 6.5 8.1 5.6 7.7 9.9 7.0 7.6
NO Bag 1.......... 5.0 4.6 5.0 10.2 9.7 9.0 9.8 9.0
x "2, 7.4 5.8 5.1 7.2 6.6 5.3 6.5 6.6
L DR 10.0 8.6 7.2 10.1 9.0 8.5 6.6 8.8
Aldehydes, Bag 1.......... 1.07 0.94 0.98 0.81 0.84 0.98 0.67
"2, eeaan .91 .91 1.16 .86 .87 1.10 .87
N .62 .64 .70 .68 .69 .75 .60
Methanol, Bag l.......... 0.08 1.14 3.31 0.08 0.30 0.62 0.07
Y2, .07 .29 .57 .07 .33 .64 .08
M P .05 .26 .51 .05 .60 1.35. .06
COMPOSITE 1975 FTP, gram/mile :
CO.virenvrnsanroasasnnonsns 73.1 67.0 55.3 9.4 8.3 7.0 10.5
HC.......... ceveresasansas 5.2 5.1 4.5 1.7 1.4 2.5 1.8
NO oivenrnsnnssosssssnnnas . 2.0 1.7 1.5 2.3 2.1 1.9 2.2
Aldehydes...eovriernn.... 23| .22 .26 .21 .22 .26 .20
Methanol....c.vvuoevnnasas 02 .12 .32 .02 .11 .22 .02
- FUEL ECONOMY, miles/gallon
Emission cycle............ 9.3 9.2 9.1 " 10.8 | 10.3 J 9.7 111.10 l
Highway cyclé.ouiiuvanns .. 15.7 15.8 16.7 16.7 16.1 14.9 15.7
FUEL ECONOMY, miles/10° btu
Emission cycle............ 8.3 8.5 9.6 9.6 9.4 [ 9.1 Jlo.l [
Highway cycle....... esans 13.9 14.7 14.8 14.8 14.7 13.2 13.9 |
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TABLE A-12. - Exhaust emissions and fuel rate

—-Vehicle G, Indolene base

fuel/methanol blends--

Ambient temperature, °F... FAY 75 100
Methanol concentration
in base fuel..... ... ... Clear S% 10% Clear l 5% 10% Clear 5% I 10%
INDIVIDUAL BAG EMISSIONS, gram/test

co, Bag l.....veven 271.9 256.8 242.3 109.5 96.1 94.3 48.9 48.9 52.7
Y2 e 20.2 19.2 30.1 19.0 22,1 25.8 19.9 42.7 30.2
L D 19.3 18.7 22.8 23.6 29.4 25.9 28.3 59.9 42.8

HC, Bag l....ovonnn 24,6 27.2 27.2 4.8 6.7 7.0 2.8 3.1 4.0
R P 2.3 2.9 7.9 2.2 2.6 3.7 1.9 1.9 2.0
L P 3.2 4.6 5.7 3.6 5.0 6.3 3.7 4.0 4.0

NO_, Bag loveiennnns 15.9 15.5 13.2 7.3 7.5 7.0 7.2 6.7 6.6
B 7.7 7.0 6.2 6.9 7.1 6.5 7.3 7.9 7.3
T 7.2 6.1 5.9 7.4 7.7 6.8 7.8 7.5 7.3

Aldehydes, Bag l.......... 1.10 1.00 1.10 9.48 0.64 0.69 0.37 0.51 0.43
Y2, .42 .40 .92 .39 .39 .60 33 37 .37
R DA W42 .46 .62 .33 .40 .54 .29 32 .30

Methanol, Bag l.......... 0.06 0.04 0.03 0.05 0.19 0.38 0.04 0.16 0.25
Vo2 .55 .12 .27 .04 .10 .25 .04 .10 .13
Y 3..... . 1.20 .46 .53 .03 .58 1.10 04 43 .87

COMPOSITE 1975 FTP, gram/mile

co. eseeresesereanaeons 19.8 18.7 19.6 10.6 10.7 10.8 7.6 13.1 10.3

(o P 2.0 2.3 3.1 .8 1.1 1.4 7 7 .8

NOy.ovvneeneronsnnnncnnnns 2.5 2.3 2.0 1.9 2.0 1.8 2.0 2.0 1.9

Aldehydes....oveveavencnns .15 .15 .23 .11 .12 .16 .09 .10 .10

Methanol.....ocoevecerenss .01 .07 .17 .01 .07 14 .01 .06 .09

FUEL ECONOMY, miles/gallon
Emission cycle...... N 10.3 | 9.8 9.6 10.6 9.4 9.8 l 11.2 10.8 10.7
Highway cycle..... ssreeees 16.3 15.1 14.5 16.8 14.7 15.0 17.2 16.3 16.4
FUEL ECONOMY, miles/10° btu ]
Emission cycle....... ceees 9.2 I 8.9 9.0 9.4 8.6 9.1 L 9.9 [ 9.8 I 10.0
Highway cycle...eievesooss 14.4 13.7 13,5 14.9 13.4 14.0 15.3 14.8 15.3
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TABLE A-13. - Exhaust emissions and fuel rate

--Vehicle H, Indolene base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration l ’ l I I
in base fuel.....evie... Clear 5% 10% Clear 5% 10% Clear 5%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l..vaveenes 308.0 244.,0 246.0 73.9 68.2. 53.6 18.5 24.7
M 2., .3 .3 .3 .2 .3 .3 .3 .3
B F N .5 .5 2.0 2.9 1.8 1.0 2.5
HC, Bag i..ievvsnns 17.5 20,0 25.7 4.6 6.0 6.0 4.9 8.3
R N 6 1.2 1.4 .6 1.0 1.8 .5 .5
L TR 8 .9 1.2 .8 3.0 4 .9 2.1
NO_, Bag 1..... ceees 9.9 13.8 10.9 12.1 | 10.7 10.3 | 12.6 | 11.5
x " 2iieeiia, 7.0 7.8 3.9 8.6 8.0 6.4 8.0 7.0
L 11.3 10,7 8.3 12.3 11.1 10.8 12.5 11.5
Aldehydes, Bag l...8.4.0.. 0.23 0.27 0.30 0.16 O.éF 0.24 0,17 0.20
A S coven .06 .03 .10 .03 .05 .09 .03 .04
"3, ceees .06 .07 .10 .04 06 .09 .03 .05
Methanol, Bag l.......... 0.04 0.38 1.10 0.02 | 0.08 0.31| 0.03| o0.08
A .e .01 .03 .07 .01 .01 .02 .01 .02
L I .01 .01 .02 .01 .07 .05 .01 .10
COMPOSITE 1975 FTP, gram/mile
COivevenennnnans resesecns 17.7 14.0 14.2 4.4 4,2 3.3 1.6 1.6
HC.......... ceedenennenna 1.2 1.4 1.8 N .7 .8 4 .7
NOyevunoannnunnn seeane e 2.4 2.7 1.8 2,8 2.5 2.3 2,8 2.5
Aldehydes.,...... vesessees .03 .03 .04 .02 .02 .03 .02 .02
Methanol.......ocenvvvesoa .01 .03 .07 .01 .01 .02 .01 .01
FUEL ECONOMY,- miles/gallon
BEmission cycle..i.oo..vaua, ]\ 9.3 l 9.1 l 8.7 9.9 I 9.3 9.2 I 10,0 | 10.3
Highway cycle........ csees 15,3 15,1 14.0 16.2 15.3 14,0 15,7 16.5

FUEL ECONOMY, miles/103 btu

Emission cycle............l 8.2 I 8.3' 8.1 I 8.8 | 8.4 8.6 I 8.7 I 8.6
Highway cycle. vaes-uecsnn 13,6 13.7 13.0 14.3 ‘14,0 13.0 14,0 15.0




8¢

TABLE A-14. - Exhaust emissions and fuel rate

--Vehicle I, Indolene base
fuel/methanol blends--

Am>ient temperature, °F... 20 75 100
Methanol concentration r I ] |
in base fuel.,......o... . Clear 5% 10% Clear 5%, 5% 107
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l....vvunnn 325.2 277.0 290.1 118.5 56. 30.2 4,8
L .2 .2 .2 .2 . 1.1 .9
B PPN 1.3 1.1 1.6 3.0 1. 19.5 2.9
k]
HC, Bag l....... ves 31.2 29.7 32.4 7.0 5. 9.1 4, 4.4
2 7 .8 1.0 7. . .8 . .8
B N .8 A .9 .8 1. 1.8 1. 2.4
NO._, Bag lovueennn.. 6.1 6.6 7.2 7.4 7. 8.1 6. 7. 6.6
2 €.3 8.2 8.4 8.9 7. 8.9 6. 5. 5.8
L £.0 7.9 8.6 7.4 7. 7.0 3. 2. 3.0
Aldehydes, Bag 1.......... 0.26 0.28 0.37 0.19 0. 0. 0.23
2 .02 .03 .06 .01 . .01
B .03 .04 .01 .01 .01
Methanol, Bag l.......... 0.08 0.50 0.87 0.05 0. 0. 0.16
e .01 .01 .01 .01 .01
R .01 .01 .01 .01 .10
COMPOSITE 1975 FTP, gram/mile
COuiirnnnnnensennnnnene . 1&.8 16.0 16.8 7.0 3. 3. 2,3
HCevvvvevnenes reseeneens 1.9 1.9 2.1 .6 . .5
NOG:evoeessennoenceescanas . 2.1 2.1 2.2 2.2 2 1. 1.4
Aldehydes.......coouveeee. .02 02 .04 .01 .02
Methanol....eeevoovcas sees .01 03 .05 .01 .02
FUEL ECONOMY, miles/gallon
Emission cycle............ 12,5 J 13.5 12.8 14.7 14. 13, 14.4
Highway cycle..ooonoeoocan 16.5 19.9 19.1 21.0 19. 18. 18.3
FUEL ECONOMY, miles/105 btu
Emission cycle............ 1z2.0 12.3 11.9 13.0 13.0 12, 13.4
Highway cycle....eoeconess 17.3 18.1 17.9 18.6 17. 16. 17.1
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TABLE A-15. - Exhaust emissions and fuel rate

--Vehicle J, Indolene base
fuel/methanol blends--

Ambient temperature, °F... 20 75 100
Methanol concentration l I l I I
in base fuel...... scssss Clear 5% 10% Clear 5% 107 Clear 5% 10%
INDIVIDUAL BAG EMISSIONS, gram/test
co, Bag l......00.. 470.7 442.9 350.4 80.1 64,2 4.4 76.0 54,0 47.1
S 26.2 23.7 25.2 20.0 19.7 17.9 25.5 22.9% 21.5
O 27.4 25.9 26.5 35.1 35.1 31.7 41.4 *{ 49.9 38.4
HC, Bag l..veveenn. 27.9 27.0 29.4 5.1 5.8 8.6 4.3 4.8 5.8
R S . 3.4 4.3 5.9 3.6 3.7 4,2 3.1 3.4 3.5
R T . 3.9 4,2 7.1 4.5 4.8 6.8 4.8 5.5 6.4
NO,, Bag l..eessssn . 13.6 14 .4 14,4 8.3 7.9 7.7 8.2 7.9 7.7
M 2t 7.5 6.3 6.0 9.2 7.5 6.7 9.7 10.9 8.0
L 7.7 7.1 6.8 8.1 8.0 8.0 10.0 9.9 8.7
Aldehydes, Bag l......... . 1.05 1.13 1.17 0.5 | 0.53 0.62| 0.53| 0.53| o0.64
' L .68 1.CG3 .99 .66 .62 .68 .56 .58 .51
R P .54 .€5 .82 49 .58 .56 .51 .43 .55
Methanol, Bag l.......... 0.12 0.85 1.64 0.06 0.19 0.47 0.06 0.19 0.35
"o2... . .05 .22 .39 .06 .15 .25 .06 .17 .27
R P . .05 .22 47 .06 .69 1.21 .06 .62 1.34
COMPOSITE 1975 FTIP, gram/mile
CO...... sesesacescmrrannna 32,6 30.5 25.5 9.9 9.0 10.2 10.9 9.9 8.5
HC...... tevresecssamsananas 2.3 2.4 3.0 1.1 1.2 1.6 1.0 1.2 1.3
NOgeoosenanas eienmins ceen 2,4 2,2 2.1 2.3 2,1 1.9 2.5 2.7 2.2
Aldehydes............ [ .19 .25 .26 .16 .16 .17 .1 14 .15
Methanol......c..... ceooss .02 .09 .18 .02 .08 .15 .0 .08 .16
FUEL ECONOMY, miles/gallon
Emission cycle....... PN [ 9.1 ]’ 8.9 I 7.8 9.9 l 9.5 l 8.6 I 10.6 I 9.7 l 9.1
Highway cycle......... .o 16,5 15.1 13.3 18.5 17.3 14.9 19.1 17.8 16.0
FUEL ECONOMY, miles/10° btu
Emission cycle....ecc.une. [ 8.1 l 8.1 l 7.3 8.8 ' 8.6 ’ 8.1" l 9.4 I 8.8 l 8.5
Highway cyecle...voceonnn . 14.7 13.7 12.4 16.4 15.7 13.9 16.9 16.2 14,9
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TABLE A-16. - Exhaust emissions and fuel economy (5% methanol fuel
blend--MBT timing, road load, and standard CR)

A/F Manifold Fuel economy Before catalyst | After catalyst
Equivalence | Timing, vacuum, | 10° BTU NOk co_ | HC CO_| HC

ratio °BTC EGR '"Hg per hour | 1b/hr Gram/hour

1,200 RPM
1.08 48 ON 14.1 1.83 10.1 51.2 85.6 75.3 5.9 14.6
1.18 48 ON 13.0 1.78 9.8 28.2 102.6 | 112.8 6.8 8.7
1.25 52 ON 12.3 1.76 9.7 19.8 110.4 | 155.6 9.0 | 12.1
1.09 40 OFF 16.6 1.61 8.9 100.8 44.6 3€¢.3 8.7 10.5
1.20 44 OFF 15.8 1.61 8.9 63.9 50.8 35.7 5.3 9.6
1.29 48 OFF 14,7 1.65 9.1 44,6 66.3 47.7 9.3 7.4
1,37 48 OFF 13,2 1.80 9.9 20.5 95.2 91.9 10.9 10.9

1,600 RPM
1.09 46 ON 14,8 2.36 13.0 71.0 99.5 41.2 3.8 3.8
1.19 52 ON 14.0 2.45 13,5 47.0 146.6 45.4 1.2 3.4
1.27 54 ON 12.9 2.58 14,2 37.4 192.8 | 193.2 3.4 { 10,1
1.09 42 OFF 16.8 2.27 12,5 175.1 78.5 41.8 3.8 3.4
1.20 48 OFF | 16.0 2.28 12.6 105.0 90.7 33.6 1.3 2.9
1.29 52 . OFF 15.1 2.34 12.9 69.3 126.0 ‘42,0 4,2 3.4
1,35 52 OFF 13.4 2,45 13.5 53.3 167.2 | 202.4 8.4 | 14.7

2,200 RPM
1.10 48 ON 13.4 - 3,63 20.0 274.9 136.9 35.4 3.5 4,1
1,18 52 ON 12.6 3.68 20.3 201.3 182.7 40.0 5.2 4.6
1.27 54 ON 10.7 3.90 21.5 155.8 339.3 | 321.3 11.6 | 22.6
1.10 42 OFF 14.2 3.65 20.1 422.2 135.1 28.4 3,5 3.5
1.21 48 OFF 13,2 3.65 20,1 342.8 161.8 32.5 4.6 3.5
1.28 52 OFF 12.3 3.79 20.9 243.6 237.8 42,3 6.4 4,6
1.37 52 OFF 10.5 3.94 21.7 216,3 390.9 | 313.8 18.6 | 29.6
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TABLE A-17. - Exhaust emissions and fuel economy (10% methanol fuel

blend--MBT timing, road load, and standard CR)

A/F Manifold Fuel economy Before catalyst After catalyst
Equivalence { Timing, | vacuum, [ 10° BTU NO,, ¢ | HC co | HC
ratio °BTC EGR "Hg per hour 1b/hr Gram/hour
1,200 RPM
1.08 48 ON 14.2 1.79 10,2 46.5 81.8 83.4 1.9 9.3
1.17 50 ON 13.2 1.78 10.1 40,0 103.2 | 156.9 2.2 | 11.8
1.26 52 ON 12,1 1.79 10.2 25,7 119.4 | 193.1 2.5 | 17.1
1.09 49 OFF 16.9 1.63 9.3 89.9 48.4 35.7 1.9 5.0
1.21 45 OFF 15.9 1.62 9.2 63.9 - 57.4 42,8 1.9 5.6
1.32 50 OFF 14,7 1.67 9.5 36.6 65.1 52.1 1.6 5.6
1.36 59 OFF - 13.7 1.76 10,0 22.0 80.0 82.8 3:1 7.8
) . 1,600 RPM
1.09 48 ON 15.0 2,37 13.5 68.5 103.3 43.3 2.5 3.4
1.20 52 ON 14.0 2.41 13.7 45.4 136.5 50.4 2,1 4.2
1.26 54 ON 13.1 2.46 14,0 30.2 173.5 | 102.,1 3.8 8.4
1.09 40 OFF 17.0 2.29 13,0 156.2 54.6 28.6 1.2 3.4
1.21 45 OFF 16.0 2.29 13,0 112.6 97.9 35.3 2.1 3.4 .
1.30 52 OFF 15.0 2.32 13.2 . 76.9 122.2 52,1 1.3 4.6
1.34 52 OFF 13.9 2.37 ‘13.5 64.7 160.4 | 240.2 j- 4.2 1-12.6
_ 2,200 RPM '
1.09 48 ON 14.6 T 3,64 20,7 248.6 [ 164.1 41.8 5.8 5.2
1.20 52 ON 12,6 3.67 20,9 188.5 203.0 38.9 6.4 3.5
1.25 54 ON 11.6 3.66 20.8 171.0 252.9 87.6 6.4 7.5
1.09 42 OFF 14,4 3.50 19.9 348,0 237.8 31.3. 5.2 3.5
1.20 50 OFF 13.6 3.60 20.5 280.0 172.8 31.9 6.4 3.5
1.26 52 OFF 12.8 3.62 20.6 218.7 203.0 40.0 7.5 3.5
1.34 52 OFF 11,2 3.85 21.9 145.0 296.4 74,2 7.5 7.0
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TABLE A-18. - Exhaust emissions and fuel economy (15% methanol fuel
blend--MBT timing, road load, and standard CR)

A/F Manifold Fuel economy Before catalyst After catalyst
Equivalence | Timing, vacuum, | 10° BTU NOx co_ | HC co | HC )
ratio °BTC EGR "Hg per hour 1b/hr Gram/hour
1,200 RPM
1.07 48 ON 13.9 1.76 10.3 34.4 77.5 90.5 4.3 4.3
1.20 50 ON 12,9 1.76 10.3 27.3 107.3 140.1 4.3 13.3
1.26 54 ON 12.1 1.81 10.6 22.3 119.7 260.4 2.8 18.0
1.09 40 OFF 15.4 1.64 9.6 86.8 46.8 37.8 5.6 8.1
1.20 48 OFF 15.8 1.62 9.5 66.3 54,6 45.9 5.9 9.3
1.32 50 OFF 14,7 1.64 9.6 36.9 67.0 53.0 2.8 9.0
1.36 50 OFF 13.9 1.71 10.0 21.7 80.6 79.4 3.1 10.9
. 1,600 RPM
1.09 48 ON 14.3 2,40 14.1 62.2 97.9 49,1 5.5 2.5
1.19 52 ON 13.8 2.39 14.0 44,1 )138.2 60,1 12.6 9.7
1.27 54 ON 12,7 2.44 14.3 28.1 168.8 118.9 11{3 15.5
1.10 40 OFF 16.0 2.34 13;7 155.0 83.6 37.4 7.6 2.5
1.21 46 OFF 15.9 2.25 13.3 103.3 99.1 41.6 11.8 8.8
1.29 48 OFF 14.5 2,32 13.6 52.5 126.4 56.7 9.7 8.4
1.35 52 OFF 13.9 2,39 14.0 44,1 160.9 222,6 12.6 16.8
2,200 RPM \

1.09 - 48 ON 13.3 3.68 21.6 225.0 154.3 42,3 4.6 3.5
1.18 52 ON 12.3 3.73 21.9 174.0 185.0 37.7 5.2 3.5
1.28 52 ON 10.6 3.94 23.1 92.2 280.1 74.8 7.0 7.0
1.10 42 OFF 13.9 3.75 22.0 312.0 164.1 48.1 5.2 5.8
1.20 50 OFF 13,4 3.67 21.5 287.7 176.9 37.1 5.2 3.5
1.29 52 OFF 12,0 3.73 21.9 152.5 212.9 47.0 6.4 4.1
1,33 52 OFF 10.9 - 3.94 23.1 120.4 388.6 306.8 13.3 20.3
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TABLE A-19. - Exhaust emissions and fuel economy (100% methanol fuel
blend--MBT timing, road load, and standard CR)

A/F - Manifold Fuel economy. Before catalyst After catalyst

Equivalence | Timing, vacuum 10° BTU NOx co | HC co | HC
ratio °BTC _EGR "Hg per hour 1b/hr Gram/hour
: 1,200 .RPM
1.09 ) 44 ON 14.9 1.75 20.4 7.1 - 51,2 57.0 6.2 7.4
1.19 50 ON 14,1 1.72 20.1 6.2 56.4 69.4 5.0 10.2
1.27 50 ‘ON 14.0 1.83 21.3 5.0 77.8 103.2 1.9 4,0
1.36 50 ON 12,7 1.80 21,0 3.4 101.1 178.9 6.2 4.7
1.09 30 OFF 16.7 1.73 20,2 36.3 60.5 36.0 6.2 4,0
1.20 36 OFF 16.2 1.76 20.5 . 35,7 64..5 54,9 3.7 4,7
1.28 38 OFF 16.0 1.81 21.1 28.5 65.1 64.5 3.1 6.2
1.37 42 OFF 14.9 1.78 .20.8 15.8 67.9 75.6 6.2 5.6
' 1,600 RPM
1.09 40 ON 16.1 2,37 27.7 30,2 80.6 51.2 2,9 4,6
1,19 48 ON -15.8 2,39 - 27.9 23,1 76.4 71.8 4.6 9.2
1.26 . 50 ON 14.9 2,48 28.9 16.4 88.6 92.3 5.9 14,7
1.38 50 ON 14,2 2.37 27.7 9.2 114.2 147.4 6.7 5.9
1.09 .30 OFF 17.2 2.41 28.2 59.6 94.1 31.1. 3.8 8.0
1.19 36 OFF 16.7 2.38 28.9 59.6 92.0 47.5 4.6 8.4
1.29 40 OFF 16.3 2,28 26.7 31.9 79.0 60.5 5.9 5.0
1.41 44 OFF 15.4 ) 2.32 27.0 13.6 89.0 97.9 7.6 5.9
) 2,200 RPM ' '

1.09 38 ON 14.2 3.87 45.1 78.3 153.7 49.3 7.5 44,1
1.18 48 ON 13.5 3.79 44,2 89.9 139.8 67.9 10.4 41,2
1.26 52 ON 12.9 3.80 44,3 54.5 128.8 93.4 11.0 31.3
1.34 5L ON 11,9 3.76 43,9 26.7 137.5 129.3 11.6 36.5
1.09 28 OFF . 14,9 3.89 45,4 128.2 149.6 124.9 26,9 [ 7.0
1.20 38 OFF 14.0 3.64 42,5 107.3 174.0 '60.3 13.9 20.9
1.28 3& OFF 13.8 . 3.60 42,0 58.0 140.4 93.4 11.0 17.4
1,37 50 OFF | 13.6 3.54 41.3 59.2 142,7° [ 124,1  "|1l1.6 19.1

.



TABLE A-20. - Exhaust emissions and fuel economy (5% methanol fuel

blend--MBT timing, road load, and 9.3 CR) -

Manifold

Fuel economy

Before catalyst

After catalyst

%9

vacuum, 10° BTU l . NO, co | HC HC
EGR "Hg per hr 1b/hr Gram/hr

1,200 RPM
1. ON 15.5 1.67 9.2 46.5 51.5 58.9 1.6 6.5
1. ON 14.6 1.65 9.1 34.7 59.5 64.5 1.6 {10.2
1. ON 13.9 1.68 9.2 24,2 70.4 95.8 1.9 | 10.5
1. ON 12.7 1.72 9.5 16.4 91.1 |169.3 2,5 | 16.7
1. OFF 17.1 1.60 8.8 144.5 45.3 45.0 1.6 6.8
1. OFF 16.3 1.58 8.7 105.4 49.6 48.1 1.6 | 10.5
i. OFF 15.6 1.56 8.6 47,0 54.9 54.6 1.6 7.8
1. OFF 14.5 1.60 8.8 28.5 67.0 76.0 1.9 9.9

1,600 RPM .
1. ON 15.8 2.23 12.3 102.1 73.5 53.3 2.1 6.3
1. ON 14.7 2.27 12.5 75.6 | 102.9 60.1 2.5 6.7
1. ON 14.1 2.29 12.6 65.9 | 121.8 84.4 2.9 9.2
1. ON 12.7 2.39 13.2 38.2 | 151.2 | 195.7 4.6 | 21.0
1. OFF 17.0 2.23 12.3 243.2 72.7 47.0 2.1 6.7
1. OFF 16.1 2.19 12.1 192.4 82.7 48.3 2.5 6.3
1. OFF 15.4 2.19 12,1 132.7 95.3 55.9 2.5 6.7
1. OFF 14.1 2.29 12.6 70.6 [ 128.5 94,5 3.4 |10.9

2,200 RPM
1. ON 14.2 3.74 20.6 340.2 | 134.6 58.6 4.6 7.5
1. ON 13.3 3.68 20.3 255.8 | 165.3 49.3 5.8 7.5
1. ON 12.3 3.81- 21.0 219.8 | 222.1 81.2 8.1 9.9
1. ON 10.7 3.90 21.5 200.1 |} 307.4 | 294.6 15.7 | 53.4
1. OFF 15.0 3.72 20.5 554.2 | 140.4 50.5 4.6 7.5
1. OFF 14.0 3.65 20.1 435.6 | 152.0 44,7 5.2 7.5
1. OFF 13.1 3.65 20.1 280.7 | 178.6 60.3 6.4 7.5
1. OFF 11.3 3.92 21.6 232.6 | 326.0 | 245.9 13.3 | 24.9
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TABLE A-21 - Exhaust emissions and fuel economy (10% methanol fuel
blend--MBT timing, road load, and 9.3 CR)

A/F Manifold Fuel economy

NO Before catalyst| After catalyst
Equivalence | Timing, vacuum, 10° BTU X co | HC co | HC

ratio °FIC EGR "Hg ser hr 1b/hr Gram/hr

1,200 RPM
1.08 48 ON 14.9 1.69 9.6 34.4 53.3 62.9 1.9 7.1
1.18 50 ON 13.9 1.71 9.7 25.7 68.2 89.9 2,2 10.2
1.24 5 ON 13.2 1.74 - 9.9 19.8 77.5 130.5 2.5 8.1
1.33 50 ON 12.5 1.76 10.0 15.8 91.1 | 190.3 4.0] 16.1
1.09 42 OFF 16.5 1.62 9.2 98.0 44.6 46.8 2.5 6.5
1.20 46 OFF 15.8 1.56 8.9 65.1 49.9 50.2 1.9 6.8
1.25 48 OFF 15.1 1.67 9.5 44,6 57.4 59.5 2.2 9.6
1.36 48 OFF 14.3 1.69 9.6 30.7 64.0 | 133.0 4.0 ] 18.6

1,600 RPM :
1.09 50 ON 15.2 2.30 13.1 86.5 .76.4 55.0 2.5 6.3
1.20 ¢ ON 14.1 2.34 13.3 54.6 102.5 63.4 2.9 7.1
1.26 52 ON 13.4 2.37 13.5 39.9 123.1 87.8 3.8 10.1
1.34 £2 ON 12.3 2.48 14.1 35.7 155.8 188.6 5.5 19.3
1.10 44 OFF 16.3 2.23 12.7 191.1 72.2 48.7 2.5 5.9
1.20 48 OFF 15.4 2.20 12.5 120.5 84.4 47.9 2.5 5.9
1.27 =0 OFF 14.8 2.25 12.8 91.1 98.3 59.6 2.9 7.1
1.38 £0 OFF 13.5 2.30 13.1 40.7 125.2 96.2 4,2 10.9

2,200 RPM ’
1.09 50 ON 13.5 3.67 20.9 374.1 128.2 52,2 5.8 7.0
1.21 £2 ON 12.3 3.76 21.4 230.3 178.1 52.2 7.0 7.5
1.28 6 ON 11.7 3.78 21.5 191.4 213.4 73.1 8.1 10.4
1.38 26 ON 9.5 4.01 22.8 102.1 316.7 314.9 18.6 44.1
1.10 &4 OFF 14.1 3.73 21.2 505.8 | 140.4 47.0 5.8 7.0
1.20 4] OFF 13.5- 3.80 21.6 367.7 157.2 49.3 7.0 7.5
1.29 £2 OFF 12.5 3.66 20.8 266.2 164.1 52.2 7.0 7.5
1.39 22 OFF. 10.7 3.89 22.1 119.5 ] 290.6 | 112.5 11.0 | 16.2




99

TABLE A-22. - Exhaust emissions and fuel economy (15% methanol fuel

blend--MBT timing, road load, and 9.3 CR)

A/F Manifold Fuel economy Before catalyst| After catalyst
Equivalence | Timing, vacuum, 10° BTU NO_ co | HC co_ | HC
ratio °BTC EGR "He per hr 1b/hr Gram/hr
. 1,200 RPM
1.08 48 . ON 15.2 1.64 9.6 31.6 £9.9 66.0 - 2.2 8.4
1.17 50 ON 14.2 1.65 9.7 24.2 64.8 88.0 2.2 | 12.7
1.26 50 ON 13.3 1.72 10.1 16.7 88.4 147.3 3.1 17.1
1.35 50 ON 12.5 1.74 10.2 14.9 95.8 | 164.0 4.0 | 18.0
1.08 42. OFF 16.9 1.55 9.1 100.8 43.4 50.2 2.2 7.4
1.19 46 OFF 16.1 1.55 9.1 63.9 51.8 55.8 2.2 8.1
1.27 48 OFF 15.3 1.62 9.5 36.0 61.4 66.3 2.8 | 10.2
1.36 48 OFF 14.3 1.65 9.7 30.1 1 102.0 | 177.9 4.3 | 18.3
1,600 RPM
1.08 50 ON 15.3 2,30 13.5 76.0 82.3 56.7 © 2.5 8.0
1.19 50 ON 14.2 2.32 13.6 48.7 | 107.9 65.1 2.9 8.0
1.26 52 ON 13.5 2.39 14.0 42,0 | 131.8 | 102.5 3.8 {12.2
1.36 52 ON 12.3 2.47 14.5 27.7 | 174.7 | 218.0 5.5 | 24.8
1.10 44 OFF 16.5 2.20 12.9 158.8 76.4 47.9 2.5 7.6
1.21 48 OFF 15.6 2,23 13.1 106.6 92.8 47.9 Z.5 6.7
1.26 50 OFF 15.2 2.25 13.2 94.5 | 103.3 58.4 2.9 8.0
1.37 50 OFF 13.8 2.30 13.5 46.2 | 132.7 | 110.5 4.2 ] 13.4
2,200 RPM
.~ 1.09 50 ON 13.8 3.70 21.7 318.4 | 156.0 58.0 5.2 8.7
1.20 52 ON 12.5 3.75 22.0 214.9 | 184.4 53.4 5.8 7.5
1.27 56 ON 11.6 3.79 22.2 156.6 | 241.9 73.1 7.5 9.9
1.36 56 ON 10.8 4.96 23.2 133.4 | 313.2 | 418.8 16.8 | 40.0
1.10 44 OFF 14.5 3.68 21.6 450.7 | 145.0 49.9 5.2 8.7
1.20, 48 OFF 13.4 3.65 21.4 342.8 | 161.2 43.5- 5.2 7.0
1.28 52 OFF 12.6 3.68 21.6 239.5 | 190.2 53.4 6.4 8.1
1.37 52 OFF 10.8 3.9 23.1 151.4 § 312.6 | 182.7 12.8 | 21.5




TABLE A-23. - Exhaust emissions and fuel economy (100% methanol

fuel blend--MBT timing, road load, and 9.3 CR)

.Fuel economy

L9

A/F Manifold Before catalyst | After catalyst
Equivalence | Timing, vacuum, | 10% BTU NOy co [ HC HC

ratio °ETC EGR "Hg per hour | 1b/hr Gram/hour

1,200 RPM
1.09 (A3 ON 16.1 1.58 18.4 34.7 82.8 62.3 1.9 36.9
1.20 50 ON 15.4 1.55 . 18.1 26.0 58.6 79.4 1.9 59.2
1.28 2 ON 15.0 1.53 17.9 18.6 64.81 124.9 1.9 99,2
1.38 52 ON 14.3 1.54 18.0 10.9 86.2f 159.7 2.2 140,7
1.40 52 ON 13.9 1.57 18.3 7.1 87.1] 306.9 1.9 19.2
1.06 32 OFF 17.4 1.59 18.6 34.7 54,3 42.5 2,2 10.9
1.20 40 _OFF 16.9 1.51 17.6 35.7 44,6 46,5 1.6 27.0
1.30 42 OFF 16.4 1.51 17.6 20.8 45.6 47.1 1.9 35.0
1.38. 42 OFF 15.6 1.55 18.1 11.8 54.9 72.2 1.9 58.3
1.47 42 OFF 14.9 1.57 18.2 9.9 73.2] 143.8 1.9 | 38.4

1,600 RPM
1.09 42 ON 16.4 2,09 24.3 23.1 55.9 49,1 2.1 29.4
1.20 50 ON 15.7 2,05. 23.9 21.0 58.4 51.7 2.5 33.6
1.26 52 ON 15.4 2,10 24.5 15.1 63.8 60.9 2,5 44,5
1.36 52 ON- 14.2 2,12 24.8 7.6 . 87.4 73.1 3.8 60.5
1.44 52 ON 13.8 2.18 25.5 4.6 121.4] 245.7 3.4 182.9
1.08 34 OFF 17.2 2.15 25,1 63.0 69.7 49.0 2,1 50.4
1.20 38 OFF 16.6 2.10 25.6 43.7 62,2 42.0 2.5 24,8
1.26 40 OFF 16.2 2,10 24,5 29.0 60.1 50.8 2.5 33.6
1.38 40 OFF 15.3 2.12 24.8 13.4 71.4 73.9 2.9 38.2
1.45 49 OFF 14.5 2,20 25.7 7.1 95,3] 148.3 2.9 105.8

2,200 RPM
1.09 36 ON 15.2- 3.51 41.0 100.9 142,11 29.0 4,6 5.2
1.19 42 ON 14.6 3.41 - 39.8 95.7 108.5 50,5 4.1 11.0
1.28 46 ON 13.8 3.46 40.4 69.0 107.9 71.3 4.6 13.9
1.36 46 oN 12.8 3.53 41,2 34.8 121.2] 129.3 5.8 26.1
1.47 46 ON 11,1 3.61 42,2 14.5 169.9' 299.3 11.0 25,5
1.08 32 OFF 15.8" 3.56 41.5 157.2 262.2 27.3 6.4 4.6
1.20 38 OFF 15.0 3.54 " 41.3 139.8 116.0 32.5 5.2 4.6
1.26 44 OFF 14.7 3.40 39.6 137.5 117.7 52,2 4.6 9.3
1.38 44 OFF 13.7 3.45 40,3 51.0 107.9] 86.4 5.8 16.8
1.49 44 OFF 12,0 3.58 41,7 19,7 143,8] 203.0 8.7 20.9
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TABLE. A-24. - Exhaust emissions and fuel economy (5% methanol fuel
blend--MBT timing, road load, and 10 CR)

A/F Manifold Fuel economy NO Before catalyst | After catalyst
Equivalence | Timing, vacuum, [ 10% BTU X co HC co HC

ratio °BTC EGR "Hg _per hr 1b/hr Gram/hr

1,200 RPM
1.08 40 ON 17.5 1.63 9.0 96.1 59.8 81.5 1.9 11.5
1.17 50 - ON 15.4 1.64 9.1 74.7 71.3 123.1 2,2 15.8
1.24 52 ON 14.6 1.69 9.3 52.7 84.3 191.0 2.8 27.0
1.29 54 ON 14.3 1.76 9.7 47.1 90.2 332.0 5.0 58.3
1.08 40 OFF 17.5 1.61 8.9 187.6 42.8 53.0 1.6 9.3
1.19 46 OFF 16.9 1.56 8.6 133.6 53.6 53.0 1.9 9.3
1.28 48 OFF 16.4 1.53 8.5 78.7 57.0 60.5 1.9 9.9
1.35 52 OFF l5.8 1.63 9.0 49.9 69.4 90.8 2.2 13.3

1,600 RPM
1.08 48 ON 16.5 2.21 12.2 140.3 76.0 61.3 2.5 7.1
1.20 50 ON 15.6 2.19 12.1 84.8 1100.8 69.7 2.9 9.2
1.27 52 ON 14.9 2.20 12.2 59.9 j123.1 101.6 3.8 12.6
1.34 54 ON 13.8 2.23 12.3 35.7 ]156.2 270.5 - 8.4 32.8
1.09 42 OFF 17.6 2.21 12.2 271.7 75.6 48.7 2.5 6.7
1.20 46 OFF 16.8 2.11 11.6 187.7 84.4 50.8 2.9 7.1
1.29 48 OFF 16.0 2.11 11.6 109.2 }100.8 64.7 2.9 8.4
1.36 52 OFF 15.4 2.14 11.8 75.2 |118.0 87.8 3.8 12.6

: 2,200 RPM

1.09 40 ON 15.0 3.61 19.9 373.5 |153.7 51.0 5.8 7.0
1.20 50 ON 13.9 3.60 19.8 304.8 1190.2 51.6 7.5 8.1
1.28 52 ‘ON 12.7 3.67 20.3 235.8 1279.6 85.8 10.4 10.4
1.34 54 ON 11.6 3.86 21.1 192.9 [384.5 281.9 19.1 37.1
1.09 42 OFF 15.7 3.62 19.9 608.4 {154.9 45.8 6.4 7.5
1.20 46 OFF 14.8 3.55 19.4 465.7 |164.7 45.2 6.4 7.0
1.30 48 OFF 13.9 3.66 20.0 353.8 |200.7 51.0 8.7 8.7
1.36 52 OFF 12.5 3.73 20.5 311.5 [328.9 138.6 13.9 13.9
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TABLE A-25. -~ Exhaust emissions and fuel ecoﬁomy {10% methanol fuel
blend--MBT timing, road load, and 10 CR)

A/F Manifold Fuel economy NO Before catalyst fter catalyst
Equivalence | Timing, vacuum, 105 BTU X co | nc co_ | HC

ratio °BIC EGR "Hg per hr 1b/hx Gram/hr

1,200 RPM
1.08 48 ON 15.9 1.63 9.3 78.1 61.4 74.4 1.9 |10.9
1.17 50 ON 15.2 1.65 9.4 62.6 71.3 108.8 2.2 116.1
1.26 52 ON 14.4 1.64 9.3 38.4 8G.0 175.5 2.8 [21.7
1.30 54 ON 13.5 1.65 9.4 36.9 82.8 245.2 3.1 [24.5
1.08 40 OFF 17.5 1.58 9.0 153.8 44.3 44.6 1.9 8.7
1.20 46 OFF 16.8 1.55 8.8 115.0 52.0 49.6 1.9 9.0
1.28 48 OFF 16.2 1.54 8.8 73.5 57.4 56.1 1.9 j10.2
1.37 52 OFF 15.0 1.57 8.9 40.9 66.7 76.9 2.2 f(12.7

. 1,600 RPM

1.09 48 ON 15.9 2.23 ¢ 12.7 126.4 81.9 58.0 2.1 7.6
1.20 ) ON 15.1 2.24 12:7 79.0( 110.5 76.9 2.5 8.8
1.28 52 ON 14.3 2.25 12.8 53.3 ] 12£.7 108.8 3.4 (13.9
1.35 4 ON 13.4 2.29 13.0 37.84 152.5 174.7 5.5 |17.6
1.10 &2 OFF 17.1 2.15 12.2 242.3 2.7 40.3 2.1 5.0
1.20 46 OFF 16.4 2.12 12.1 162.1 86.5 48.3 2.5 6.3
1.30 48 OFF 15.8 2.15 12.2 107.1 95.3 55.9 2.5 5.9
1.39 4 OFF 13.4 2.13 12.1 58.4 1 109.6 95.9 3.4 5.9

2,200 RPM
1.09, . 68 ON 14.7 3.66 20.8 364.2( 160.1 57.4 5.2 7.0
1.19 <0 ON 13.7 3.66 20.8 276.7 | 193.1 58.0 6.4 8.1
1.26 s ON 12.6 3.66 20.8 250.9 ] 280.1 109.0 9.9 [12.8
1.31 L ON 11.4 3.92 . 22.3 176.4 | 361.3 489.5 24.9 |77.1
1.09 £2 OFF 15.3 3.67 20.9 548.7| 176.3 49.9 5.2 5.8
1.20 L6 OFF 14.5 3.61 20.6 412.4 | 175.2 49.9 5.8 7.5
1.28 8 OFF 13.6 3.63 .| 20.7 296.4 | 209.4 57.4 7.5 9.9
1.35 52 OFF 12.2 4.00 22.3 233.8| 367.1 233.9 19.7 [40.0




TABLE A-26. - Exhaust emissions and fuel economy (15% methanol fuel
blend--MBT timing, road load, and 10 CR)

A/F Manifold Fuel economy NO Before catalyst | After catalyst
Equivalence | Timing, vacuum, 105 BTU X coO | HC co [ HC

ratio °BTC EGR "Hg per hr 1b/hr Gram/hr

' 1,200 RPM

1.08 48 ON 15.8 1.65 9.7 72.9 60.8 80.9 1.6 { 14.0
1.17 50 ON 15.0 1.64 9.6 60.8 70.7 132.1 1.9 18.9
1.23 52 ON 14.7 1.66 9.7 43.4 76.0 199.0 2.2 | 28.2
1.31 54 ON. 13.9 1.74 10.2 32.2 90.5 400.8 4.7 | 55.8
1.08 40 OFF 17.5 1.61 9.4 143.8 46.2 49.9 1.2 9.9
1.20 46 OFF 16.6 1.53 8.9 114.4 53.9 54.3 1.2 9.3
1.28 48 OFF 16.2 1.57 9.2 59.5 57.0 64.5 1.6 | 10.2
1.36 52 OFF 13.9 1.58 9.3 37.2 66.0 83.7 15.2 | 40.0

E; 1,600 RPM
1.08 48 ON 16.3 2.34 13.7 119.7 86.1 68.0 2.5 | 12.2
1.20 50 ON 15.5 2.35 13.8 76.31 113.0 83.2 2.9 | 13.9
1.26 52 ON 14.5 2.25 13.2 68.9{ 124.7 105.8 2.5 | 12.6
1.34 54 ON 13.8 2.29 13.4 44.9 158.8 221.8 3.8 } 27.3
1.09 42 OFF 17.4 2.23 13.1 221.3 77.3 53.3 2.5 | 10.9
1.20 46 OFF 16.7 2.25 12.8 167.2 93.2 58.0 2.5 | 10.1
1.29 48 OFF 15.9 2.16 12.7 113.8 | 101.6 68.0 2.1 9.7
1.37 52 OFF 15.0 2.17 12.7 84.4 | 119.3 100.8 2.5 | 13.0
2,200 RPM .

1.10 42 ON 14.5 3.59 21.1 320.5| 129.3 57.4 3.5 5.8
1.20 50 ON 13.8 3.55 20.8 289.4 | 174.0 56.3 4.6 | 7.0
1.28 52 ON 12.4 3.73 21.6 230.8 | 261.0 82.9 7.5 | 11.6
1.35 54 ON 11.0 3.83 22.5 162.2 | 352.6 324.2 19.7 | 45.8
1.10 42 OFF 15.2 3.67 21.3 526.4 | 135.7 52.8 3.5 5.2
1.21 46 OFF 14.4 3.54 20.8 459.4 ) 163.0 50.5 4.1 5.8
1.28 48 OFF 13.4 3.60 21.1 314.9 | 193.1 59.2 6.4 7.5
1.35 52 -OFF 12.4 3.73 21.7 292.9 | 283.6 117.7 10.4 | 15.7
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TABLE A-27. - Exhaust emissions and fuel economy (1007% methanol

fuel blend--MBT timing, road load, and 10 CR)

A/F Manifold Fuel economy NO [Before catalyst After catalyst
Equivalence | Timing, vacuum, 105 BTU x [ co | =®C I co | HC
ratio °BTC EGR "Hg per hr 1b/hr Gram/hr
) 1,200 RPM
1.08 42 ON 16.5 1.56 18.2 22.3 41.5 29.1 1.2} 18.3
1.19 46 ON 15.9 1.53 17.8 18.0 49.6 46.5 1.2 29.1
1.24 50 ON 15.6 1.53 17.8 11.5 54.3. 52.1 1.2 50.8
1.36 54 ON 14.9 1.60 18.7 6.8 72.2 99.5 1.2} 89.3
1.40 54 ON 14.2 1.55 18.1 4.3 86.2 161.2 1.9 {142.6
1.08 32 OFF 17.8 1.53 17.9 36.3 35.7 25.7 1.2} 20.2
1.18 38 OFF 17.4 1.56 18.2 22.3 41.5 29.1 1.2 18.3
1.26 42 OFF 17.0 1.47 17.2 17.4 39.1 23.6 1.2 | 17.4
1.38 44 OFF 16.4 1.47 J17.2 8.1 46.8 42.8 1.2 38.1
1.43 44 OFF 15.6 1.52 17.7 5.3 58.9 48.4 1.6 | 27.0.
1,600 RPM
1.09 44 ON 16.9 2.08 24.3 39.1 51.2 26.5 1.7 | 14.7
1.17 48 ON 16.5 2.07 24.1 35.0 53.3 44.5 2.1} 22.7
1.26 52 ON 15.8 2.05 23.9 23.5 64.7 59.2 2.1 43.3
1.30 52 ON 15.3 2.12 24.7 23.9 88.6 128.5 2.5 | 98.7
1.39 52 ON 14.2 2.19 25.5 19.6 | 119.3 231.8 2.9 |156.2
1.09 34 OFF 18.0 2.04 23.8 55.4 52.1 41.2 1.7 23.9
1.20 38 OFF 17.4 2.01 23.5 39.9 47.9 30.7 1.7 18.5
1.24 42 OFF 17.0 2.07 24.1 35.7 51.2 29.4 1.7 21.8
1.32 46 OFF 16.5 2.03 23.7 16.4 59.6 50.8 2.1 30.3
1.41 46 OFF 15.5 2.05 23.9 18.9 86.9 91.6 2.5 1 60.1
2,200 RPM
1.10 28 ON 15.1 3.49 40.7 83.5 116.0 24.4 5.2 | 8.1
1.19 4€ ON 14.4 3.43 40.0 90.5 85.8- 47.0 5.2 14.4
1.26 52 ON 13.7 3.44 40.1 85.8 -9€.3 64.4 5.2 | 33.1
1.35 c4 ON 12.8 3.51 41.0 47.0 | 134.0 165.3 7.5 | 34.2
1.41 sS4 ON 12.0 3.57 41.6 41.2 | 172.6 465.5 10.4 {126.9
1.09 32 OFF 15.7 3.56 41.5 131.7 171.7. 20.9 5.8 20.3
1.20 40 OFF 15.1 3.44 40,1 118.9 88.7 40.6 5.2 10.4
1.27 44 OFF 14.5 3.39 39.5 108.5 8&.7 40.0 5.2 ] 22.0
1.36 48 OFF 13.6 3.42 39.9 78.3 | 108.5 94.0 7.0 | 29.6
1.43 48 OFF 12.6 3.51 40.9 59.7 15€.3 243.0 9.9 |114.3




TABLE A-28. - Exhaust emissions and fuel economy at idle--—
methanol fuel blends at varied compression
ratios, standard timing

A/F Manifold Fuel economy Without catalyst]| With catalyst
Equivalence | vacuum [10° BTU NOy. co HC co | HC
ratio ""Hg per hour | 1b/hr Gram/hour
5% MeOH STANDARD CR
1,08 16.7 0.68 3.74 3.7 22.9 28.7 18.9 | 22.4
1.18 15.8 .72 3.99 3.1 26.8 33.1 7.6 | 11.7
1.26 14.9 .73 4.05 Lz.z 32.8 51.4 12.8 | 11.0
____________ IR UL S [ L L T e woe--d ------J-_-----
5% MeOH 9.3 CR
bttt nininidel dniaiiebeieindedet el Sk byt e === °-°~°=°==°=° J=""====" 1°-""~""=q9°°°="°==
1.07 17.4 0.69 3.78 A 25.5 37.5 25.2 | 36.7
1.17 16.5 .69 3.78 2.8 27.4 42,4 22.5 | 36.6
1.25 15.8 .70 3.84 2.0 30.2 55.9 10.2 J 22.5
........................ R ISP EERII U S SR R
5% MeOH 10 CR
e e e e pemmmmmmmmeeleseem—emeee——em e e emmcpe—e———m= SO qmmmmn- qmmm—mm—
1.07 17.8 0.70 3.85 4.5 27.0 41.5 7.9 | 19.4
1.18 17.0 .70 3.82 3.2 30.0 47.4 18.2 | 31.6
1.25 16.5 .70 3.86 2.4 32.4 56.0 13.6 | 32.1
1.33 15.9 .72 3.95 2.1 38.6 86.8 9.3 | 39.1
10% MeOH STANDARD CR
.................................................................. prmemeaqe—meea
1.08 16.9 0.71 4.04 4.1 [ 23.4 29.4 19.8 | 23.6
1.20 15.9 .72 4.10 2.7 26.8 36.1 12.5 { 9.9
1.26 15.0 A 4.21 2.3 30,7 53.3 11.3 | 8.9
__________________________________________ i IR SRR SRR SR N
107 MaOH 9.3 CR
................................................................... qemmmmeqmm—————
1.07 17.3 0.68 3.86 3.7 21.7 35.8 20.7 | 35.1
1.17 16.4 .73 4.17 2.6 21.9 44.0 20.2 | 33.5
1.25 15.6 .72 4.11 L1.9 30.1 54.8 7.8 | 22.1
................................. R IS IR RIS M SR S
10% MeOH 10 CR
""""""""""""""""""""" '}“"" Safutuiniuinteints Enfabbebebebeis Sbaiiabedly St
1.07 17.6 0.69 3.93 3.7 28.6 36.3 16.4 | 24.8
1.18 16.8 .69 3.90 2.7 31.1 40.1 22.4 | 32.3
1.25 16.2 .72 4.07 2.1 36.0 54.6 16.3 | 34.1
1.33 15.3 74 4,19 2.1 42.7 92.6 14.8 | 23.1
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TABLE A-28. - Exhaust emissions and fuel economy at idle--
methanol fuel blends at varied compression
ratios, standard timing--continued

A/F Manifold Fuel economy Without catalyst | With catalyst
Equivalence vacuum 10° BTU NOy co | HC co | HC
ratio "Heg per hour | 1b/hr Gram/hour .
15% MeOH STANDARD CR
............ T D et T e B
1.10 16.4 0.70 4.07 3.5 F 23.5 29.9 13,2 27.5
1.23 15.4 .71 4.17 2.7 26,7 37.8 6.4 15.1
1.31 14,7 .72 4,23 1.7 32.5 47.1 8.3 12.3
---------------------------------------------------------- dermcccccaedenncccsdecmcae-
15% MeOH 9.3 CR
................................... S s I e T CERT TR R EE PP EED PR e
1.08 17.3 0.70 4,13 3.5 26.4 40.4 26.4 38.1
1.18 16.2 .71 4.19 2.1 28 .4 45.5 26.2 43.8
1.26 15.3 .72 4.25 1.7 32.0 ] 57.4 10.7 28.8
15% MeOH 10 CR
.......................................................... qem-memceeqecemeeqececaas
1,07 17.7 0.68 3.98 3.8 27.4 36.7 11.1 18.0
1.18 17.1 .69 4.03 2.9 30.8 44,0 20.0 36.0
1.25 16.5 .70 4,12 2.2 34.2 56.2 13.6 38.8
1.33 15.8 .72 4,24 J 2.0 39.1 ] 94,1 J 18.0 28.0
1007, MeOH STANDARD CR
............ s Ean LT
1.09 17.0 0.85 9.9 T 2.2 26.7 1 31.1 5.0 5.5
1.20 16.2 .83 9.6 2.0 27.7 34.0 8.9 8.4
1.25 15.9 .86 10,0 1.4 33.0 41.6 5.0 10.5
1.36 15.2 .93 10.8 .9 48.7 78.3 8.8 | 29.8
100% MeOH 9.3 CR
1,06 18.0 0.64 7.5 1.1 33.2 32.9 8.2 30.0
1.18 17.4 .64 7.5 .9 27.5 37.5 7.4 27 .4
1.25 16.7 .68 7.9 .9 59.1 56.0 7.9 44,5
1.33 16.1 .65 7.6 .8 43,3 57.6 | 8.4 54,0
____________ deecccceccccdeccc e et e er e deanccacdevaccccncdenarnanredacccncdaccnaaa
100% MeOH 10 CR
............ T L DL T DT T TR P EP PP EEP P
1.09 18.1 0.63 7.4 1.6 26.6 22.0 6.4 19.8
1.20 17.6 .64 7.5 1.6 22.5 29.4 5.9 17.8
1.29 16.6 .63 1.4 1.0 27.6 31.0 6.3 ?25.6
1,38 16.1 .63 7.4 .6 38.7 68.4 7.3 45,2
1.46 15.2 71 |8.3 .6 55.3 | 94.3 7.4 | 67.3

73



vl

TABLE A-29. - Exhaust emissions and fuel economy at varied speeds—-5% methanol,
standard timing, road load, and standard CR

A/F Manifold Fuel economy NO [ Before catalyst | After catalyst
Equivalence Timing, vacuum, 10° BTU 1b/h x [Tco [ uwc | co T HC
ratio °BTC EGR "Hg per_hr r Gram/hr
600 RPM
1.08 24 OFF 16.7 0.68 3.74 3.7 22.9 28.7 18.9 22.4
1.18 24 OFF 15.8 .72 3.99 3.1 26.8 33.1 7.4 11.7
1.26 24 OFF 14.9 .73 4.05 2.2 32.8 51.4 2.8 11.0
1,200 RPM )
1.09 24 ON 12.5 0.09 11.5 22.0 91.5 36.3 6.5 8.1
1.20 24 ON 10.8 2.04 11.2 - 12.1 125.9 50.8 6.5 5.9
1.25 24 ON 9.6 2.25 12.4 7.8 120.6 82.2 4.3 5.6
1.09 24 ‘OFF 15.8 1.74 9.6 49.9 54.9 27.3 13.0 7.4
1.20 24 OFF 14.5 1.82 10.0 24.5 62.9 25.7 3.7 7.8
1.28 24 OFF 13.1 1.89 10.4 16.1 87.4 33.5 6.5 4.7
1.37 24 OFF 11.4 2.06 11.4 11.2 140.1 103.2 9.3 7.8
1,600 RPM
1.08 30 ON 14.2 2.74 15.1 39.5 124.7 25.2 5.0 2.5
1.20 30 ON 12.2 2.78 15.3 25.2 146.6 27.7 2.9 3.8
1.27 30 ON 10.8 2.93 16.2 24.4 262.5 226.0 4.2 8.4
1.09 30 OFF 16.3 2.45 13.5 102.9 90.7 25.2 2.9 2.1
1.20 30 OFF 14.9 2.47 13.6 53.8 105.4 20.2 2.5 2.1
1.27 - 30 OFF 13.8 2.59 14.2 50.8 163.0 79.4 4.2 4.2
1.36 30 OFF 11.7- 2.72° 15.0 23.5 210.4 134.8 6.3 8.4
2,200 RPM
1.11 , 38 ON 12.8 3.78 20.8 176.3 149.1 23.2 4.1 2.9
1.19 38 ON 11.8 3.98 21.8 | 151.4 227.4 34.8 6.4 2.9
1.27 38 ON 10.2 4.10 22.6 130.5 361.9 190.2 11.6 13.9
1.10 28 OFF 14.1 3.70 20.4 360.2 141.5 26.1 4.1 3.5
1.19 38 OFF 13.1 3.69 20.3 254.0 154.3 20.9 4.1 2.9
1.26 38 OFF 11.9 3.91 21.5 194.3 270.9 45.2 7.0 4.6
1.33 38 OFF 9.3 4.40 24.2. 163.6 561.4 533.0 18.6 21.5
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TABLE A-30. - Exhaust emissions and fuel economy at varied speeds--107 methanol,

standard timing, road load, and standard CR

ATF Manifold Fuel economy NO | Before catalyst | After catalyst
Equivalence Timing, vacuum, 10° BTU 1b/hr X CcO | uc ] co | HC
ratio °BTC EGR "Hg per hr Gram/hr
600 RPM Idle . .

1.08 24 OFF 16.9 4,04 0.71 4,1 23.4 29.4 19.8 23.6
1.20 24 OFF 15.9 4,10 .72 2.7 26.8 36.1 2.5 9.9
1.26 24 OFF 15.0 4.21 .74 2.3 30.7 53.3 1.3 8.9

1,200 RPM
1.09: 24 ON 12.5 2.03 11.5 21.4 93.6 42.2 2.5 4.3
1.20 24 ON 11.0 2.12 12.0 12.4 123.1 46.5 2.5 4.0
1.27 24 ON 9.8 2.18 12.4 11.5 169.6 105.1 3.1 7.8
1.10 24 OFF 16.1 1.77 10.0 44.6 57.0 23.9 2.8 3.7
1.20 24 OFF 14.3 1.77 10.0 24,2 69.1 28.2 2.5 3.1
1.30 24 OFF 12.5 1.95 11.0 16.7 94.6 38.4 2,5 6.5
1.36 24 OFF 11.6 2.07 11.7 10.5 129.6 72.9 6.2 4.7

1,600 RPM '
1.09 30 ON 14,1 2.65 15.0 ©37.0 71.4 19.3 2.1 2.1
1.21 30 ON 12.5 2.70 . 15.3 26.9 1€1.3 38.6 2.5 3.8
1.26 390 ON 11.3 2.88 16.4 -22.3 244.4 117.2 5.0 6.7
1.09 30 OFF 16.5 2.39 13.6 101.2 84.4 22.3 2.5 2.1
1.20 30 OFF 15.1 2,40 13.6 56.3 103.3 23.5 2.1 2,5
1.31 30 OFF 13.3 2.62 14.9 24.4 148.7 36.1 2.9 3.8
1.34 30 OFF 12.1 2.71 15.4 30.2 182.7 120.5 4,2 8.4

2,200 RPM
1.09 38 ON 13.4 3.76 21.3 154.3 164.1 41.8 5.8 5.2
1.19 38 ON 11.8 3.90 22.1 111.4 203.0 38.9 6.4 3.5
1.30 38 ON 10.0 3.89 22.1 60.3 252.9 87.6 6.4 7.5
1.09 38 OFF 14.8 . 3.69 20.9 348.0 237.8 31.3 5.2 3.5
1.19 38 OFF 13.4 3.68 20.8 330.0 172.8 31.9 6.4 3.5
1.25 38 OFF 12.1 3.70 21.0 218.7 203.0 40.0 7.5 3.5
1.36 38 OFF 9.2 4.23 24.0 145.0 296.4 74.2 7.5 7.0
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TABLE A-31. - Exhaust emissions and fuel economy at varied speeds-=-15% methanol,

standard timing, road load, and standard CR

A/F Manifold Fuel economy NO Before catalyst After catalyst
Equivalence | Timing, vacuum 10° BTU l, * co | HC co | HC
ratio °BTC EGR "Heg per hr 1b/hr Gram/hr
600 RPM IDLE
1.10 24 OFF 16.4 0.70 4.07 3.5 23.5 29.9 13.2 | 27.5
1.23 24 OFF 15.4 71 4.17 2.7 26.7 37.8 * 6.4 | 15.1
1.31 24 OFF 14.7 .72 4.23 1.7 32.5 47.1 5.3 { 12.3
1,200 RPM
1.09 24 ON 12.1 2.04 11.9 17.1 88.0 32.9 5.0 7.8
1.19 24 ON 10.8 2.10 12.3 10.5 | 117.2 52.4 6.5 9.3
1.23 24 ON 10.4 2.19 12.8 5.6 | 169.6 117.2 2.2 9.9
1.09 24 OFF 15.5 1.81 10.5 44.3 57.0 27.2 5.3 6.5
1.20 24 OFF 14.3 1.83 10.7 23.6 67.3 31.3 5.3 7.4
1.32 24 - OFF 12.6 1.91 11.1 12.4 91.8 42.2 5.6 8.4
1.36 24 OFF 11.5 2.06 12.0 10.2 | 118.1 109.1 9.3 1 10.9
1,600 RPM
1.10 30 ON 13.5° Z.51 14.7 36.5 99.5 30.7 5.0 1.7
1.20 30 ON 12.4 2.69 15.7 24.8 | 138.2 31.9 13.0 8.8
1.28 30 ON 10.4 2.88 16.8 19.3 { 240.2 140.3 10.9 | 17.2
1.09 30 OFF 15.4 2.54 14.8 91.1 78.5 29.0 6.7 2.9
1.21 30 OFF 14.4 2.51 14.7 44.1 | 103.7 29.8 4.6 2.1
1.29 30 OFF 13.4 2.57 15.0 29.8 | 140.3 37.4 10.9 8.0
1.36 30 OFF 12.1 2.74 16.0 21.8 | 198.7 144.9 12.6 | 10.5
2,200 RPM
1.09 38 ON 13.0 3.87 22.6 156.6 | 160.1 28.4 4.6 2.9
1.20 38 oN 11.3 3.97 23.1 96.9 | 199.5 26.1 2.3 2.3
1.29 38 ON 9.3 4.23 24.7 55.7 | 334.1 80.0 6.4 6.4
1.10 38 OFF 14.0 3.87 22.6 205.3 | 140.9 16.2 4.6 2.3
1.18 38 OFF 13.0 3.87 22.6 191.4 | 174.6 24.9 5.2 2.9
1.30 38 OFF 11.1 4.00 23.3 95.7 | 237.2 35.4 7.0 3.5
1.32 38 OFF 10.0 4.10 -23.9 95.5 | 503.4 524.9 25.5 | 31.9
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TABLE A-32.

- Exhaust

emissions and fuel economy at varied speeds~-100% methanol,

standard timing, road load, and standard CR

A/F Manifold Fuel economy O Before cataiyst [After catalyst
Equivalence Timing, vacuum 10> BTU X [os) 1 HC | co HC
ratio °BTC EGR "Hg per hr 1b/hy Gram/hr
600 RPM IDLE

1.09 24 OFF 17.0 0.85 9.9 2.2 26.7 31.1 5.0 5.5
1.20 24 OFF 16.2 .83 9.6 2.0 27.7 34.0 2.9 8.4
1.25 24 OFF 15.9 .86 10.0 1.4 33.0 41.6 5.0 10.5
1.36 24 OFF 15.2 .93 10.8 .9 48.7 78.3 3.8 29.8

1,200 RPM
1.10 24 ON 13.8 1.95 22.8 4.7 52.4 38.4 6.2 4.7
1.20 24 "ON 12.8 1.96 22.8 3.4 69.1 58.9 6.2 4.0
1.27 24 ON 12.0 2.03 23.7 3.1 94.6 106.0 3.7 5.3
1.34 24 ON 10.8 2.10 24.5 3.1 122.5 269.4 6.2 8.1
1.10 24 OFF 16.5 1.76 20.5 24.8 58.0 33.8 6.2 4.7
1.16 24 OFF 15.6 1.86 21.7 16.1 46.2 42.8 3.7 4.7
1.28 24 OFF 15.1 1.89 22.1 10.2 57.7 58.9 1.9 4.7
1.39 24 OFF 13.4 1.91 22.3 7.4 79.4 86.5 6.2 7.4

1,600 RPM
1.09 30 ON 15.6 2.49 29.1 16.0 74.3 42,2 2.9 8.0
1.20 30 ON 14.4 2,54 29.6- 11.3 76.9 63.8 4,6 8.4
1.24 30 ON 14.3 2.69 31.4 8.4 92.0 76.9 5.9 7.1
1.38 30 ON 12.7 2,61 30.5 5.5 131.9 158.8 6.7 4.6
1.09 30 OFF 17.2 2.41 28.2 59.6 94.1 31.1 3.8 8.0
1.20 30 OFF 16.8 2.43 28.4 36.1 79.8 49.1 4.6 8.0
1.27 30 OFF 15.7 2.34 27.3 19.7 72.2 65.9 4.6 20.6
1.39 30 OFF 14.3 2.50 29.2 10.9 92.4 149.9 7.6 5.0

2,200 RPM
1.09 - 38 ON 14.2 3.87 45.1 78.3 153.7 49.3 7.5 44,1
1.19 38 ON 14.0 3.79 44.3 53.4 124.7 62.1 9.9 32.5
1.26 38 ON 12.3 3.93 45.8 30.2 121.8 84.7 11.0 36.0
1.35 kt.} ON 10.9 4,03 47.0 13.3 158.9 134.6 11.6 33.6
1.09 38 OFF 14.9 3.88 45,2 110.7 34.8 29.0 26.7 7.5
1.20 38 OFF 14.0 3.64 42.5 107.3 174.0 60.3 13.9 20.9
1.28 38 OFF 13.8 3.60 42.0 58.0 140.4 93.4 11.0 17.4
1.38 38 OFF 12.8 3.75 43.8 25.5 132.8 120.1 11.0 18.0




TABLE A-33. - Exhaust emissions and fuel economy at varied speeds—--57 methanol,
timing retarded from MBT, road load, and standard CR

A/F Manifold Fuel economy NO | Before catalyst | After catalyst
Equivalence Timing, vacuum, 10° BTU 1 1b/hr x| CO [ uc | co | =c
ratio °BTC . EGR "Hg per hr Gram/hr
600 RPM
1.08 6 OFF 14.8 0.85 4.71 4.2 28.0 18.4 5.6 5.8
1.20 6 OFF 13.0 .88 4.87 2.7 32.8 20.5 1.1 3.1
1.26 6 OFF 11.8 .99 5.48 2.0 42.7 24.8 1.2 3.7
1,200 RPM
1.08 36 ON 13.6 1.96 10.8 35.7 83.4 56.7 7.1 8.4
1.19 38 ON 12.4 1.79 9.9 19.2 108.2 79.7 8.4 7.1
1.25 42 ON 11.8 1.81 10.0 12.7 121.2 146.0 9.0 11.8
1.09 32 OFF 16.4 1.67 9.2 71.9 48.7 31.9 9.6 9.0
1.20 34 OFF 15.4 1.68 9.2 38.1 57.0 32.6 5.3 8.4
1.25 38 OFF 14.2 1.71 9.4 22.9 71.9 45.6 7.4 5.3
1.38 38 OFF 12.5 1.85 10.2 13.6 107.9 93.3 10.9 9.3
1,600 RPM
1.09 38 ON 14.5 2.49 13.7 53.8 110.8 32.8 4,2 2.9
1.19 42 ON 13.5 2.53 13.9 34.0 151.2 39.9 2.5 3.4
1.27 44 ON 12.3 2.59 14.2 28.6 202.4 185.6 1.7 8.8
1.09 36 OFF 16.6 2.33 12.8 128.9 84.8 30.7 3.8 2.9
1.20 38 OFF 15.5 2.38 13.1 76.0 103.7 26.5 2.9 2.5
1.29 42 OFF 14.3 2.45 13.5 60.9 156.2 82.7 5.5 4,2
1.37 42 OFF 12.7 2.57 14.2 31.9 186.1 112.6 6.3 10.1
2,200 RPM
1.10 44 ON 13.1 3.62 19.9 227.9 138.0 31.3 3.5 3.5
1.19 44 ON 12.0 3.85 21.2 169.4 221.6 37.7 5.8 2.9
1.29 46 ON 10.4 3.96 21.8 156.0 331.8 140.4 11.0 16.2
1.10 38 OFF 14.1 3.70 20.4 360.2 141.5 26.1 4.1 3.5
1.20 44 OFF 13.1 3.63 20.0 273.8 158.9 25.5 4.1 2.9
1.28 44 OFF 12.0 3.87 21.3 164.2 248.2 45,2 6.4 4.6
1.35 44 OFF 10.2 4,13 22.7 104.7 439.1 307.4 12.6 22.0
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TABLE A-34. - Exhaust emissions and fuel economy at varied speeds--107% methanol,
timing retarded from MBT, road load, and standard CR

AfF Manifold Fuel economy o [ Before catalyst [After catalyst
Equivalence Timing, vacuum, 10° BTU 1b/hr x co | HE | co [ mc
ratio °BTC EGR "Hg per hr Gram/hr
600 RPM
1.09 6 OFF 14.8 0.86 4.90 4.3 27.1 - - -
1.21 6 OFF 13.1 .89 5.05 3.0 32.9 - - -
1.29 6 OFF 11.5 .97 5.53 2.4 - - - -
1,200 RPM
1.08 38 ON 13.8 1.83 10.4 31.6 84.1 66.3 2,2 2.8
1.18 40 ON 12.7 1.82 10.3 24,5 112.2 111.9 2.2 1.6
1.27 44 ON 11.8 1.84 10.4 17.1 128.3 176.1 2.5 5.6
1.09 32 OFF 16.6 1.69 9.6 62.9 51.5 30.4 2.2 1.6
1.20 36 OFF 15.5 1.69 9.6 44.0 60.8 37.2 1.9 1.6
1.32 40 OFF 14,2 1.72 9.8 23.9 70.7 49.3 1.6 1.6
1.39 40 OFF 13.1 1.80 10.2 14.0 93.9 82.2 3.1 4.0
1,600 RPM
1.09 38 ON 14.6 2.51 14.2 50.0 72.7 29.0 2.1 2.9
1.20 42 ON 13.4 2.48 14.1 33.6 142.9 44.9 2.1 3.8
1.26 44 ON 12.7 2.52 14.3 25.2 186.1 102.1 4,2 8.8
1.09 34 OFF 16.8 2.38 13.5 123.1 58.0 27.7 1.7 2.9
1.2 38 OFF 15.6 2.38 13.5 84.4 103.3 28.6 2.1 2.5
1.31 42 OFF 14.4 2.40 13.6 53.8 133.6 42.2 2.5 4.2
1.35 42 OFF 13.1 2.53 14.4 42.0 180.6 145.7 6.3 12.6
2,200 RPM
1.09 44 ON 14.4 3.67 20.8 233.5 229.1 44,1 5.2 5.2
1.20 44 ON 12.2 3.74 21.2 144.4 197.2 30.7 6.4 2.9
1.28 46 ON 10.8 3.77 21.4 125.3 294.6 91.6 7.5 10.4
1.09 38 OFF 14.8 3.69 20.9 331.8 | 182.7 29.0 5.2 2.9
1.19 44 OFF 13.7 3.66 20.8 280.1 174.0 26.1 5.8 2.9
1.26 44 OFF 12.6 3.65 20.7 134.6 201.3 31.3 7.0 2.9
1.36 44 OFF 10.7 3.94 22.4 92.8 314.9 111.9 8.1 7.5




TABLE A-35. - Exhaust emissions and fuel economy at varied speeds--15% methanol,
timing retarded from MBT, road load, and standard CR

A/F Manifold Fuel economy

NO [ Before catalyst [After catalyst
Equivalence ‘Timing, vacuum, 1G B8TU 1b/hr x | co [T HC | co [ HC
ratio °BTC EGR "Hg per hr Gram/hr
: 600 RPN Idle
1.09 6 OFF 14.:6 0.84 . 4.90 3.7 26.9 19.0 12.2 11.6
1.22 6 OFF 13.0 .90 5.30 2.4 33.1 23.4 5.1 9.0
1.32 6 OFF 11.6 .92 5.40 1.8 43.5 29.5 5.6 10.0
1,200 RPM
1.08 38 ON 13.5 1.85 10.8 26.4 80.0 62.9 5.9 10.9
1.21 40 ON 12.4 1.83 10.7 18.0 113.2 105.4 . 4.0 12.7
1.29 44 ON 11.6 1.82 10.6 12.7 128.0 155.6 2.8 11.5
1.09 32 OFF 16.1 1.71 10.0 61.7 51.2 32.9 5.6 7.4
1.20 38 OFF 15.4 1.67 9.8 44.0 58.6 40.0 5.3 9.0
(o] 1.32 40 OFF 14.1 1.71 10.0 23.3 71.9 49.0 4.0 10.5
< 1.38 40 OFF ©13.3 1.80 10.5 15.8 86.8 73,2 6.2 12.4
1,600 RPM
| 1.09 38 ON 14.0 2.47 14.4 48.7 102.9 42.8 11.8 3.4
\ 1.20 42 ON 13.4 2.47 14.4 33.6 147.8 53.8 11.8 8.8
1.27 44 ON 12.3 2.51 14,7 21.4 176.0 106.7 9.7 13.4
1.09 34 OFF 15.8 2.45 14.3 107.1 79.4 33.2 6.3 3.4
1.21 38 OFF 15.4 2.46 14.3 83.2 117.6 41.6 13.9 10.1
1.29 40 OFF 14.3 .2.39 14.0 44.9 130.2 46.6 10.5 7.6
1.35 '42 OFF 13.5 2,51 14.7 41.6 177.7 165.1 14.7 12.6
2,200 RPM
1.09 44 ON 13.3 3.81 22.2 200.1 161.8 38.9 4.6 3.5
1.19 44 ON 11.9 3.82 22.3 119.5 189.7 31.3 5.2 2,9
1.26 44 ON 10.5 3.94 23.0 78.9 302.8 98.0 7.0 7.0
1.10 38 OFF 14.0 3.87 22.6 250.0 140.9 16.2 4.6 2.3
1.19 44 OFF 13.2 3.81 22.2 205.3 179.8 29.0 5.2 2.9
1.28 44 OFF .11.8 3.88 22.6 121.2 219.2 36.5 . 6.4 3.5
1.32 44 OFF 10.6 4.09 23.9 132.0 435.0 421.1 13.9 20.9




TABLE A-36. - Exhaust emissions and fuel economy at varied speeds——lOO%Amethanol,
timing retarded from MBT, road load, and standard CR

A[F Manifold Fuel economy Before catalyst After catalyst
Equivalence | Timing, vacuum, | 10° BTU NOx CO_ | HC co | HC
ratio °BTC EGR ""Hg per hour | 1b/hr Gram/hour
' 600 RPM
1.09 6 OFF 15.6 0.98 11.5 2.11 22.5 22.7 3.2 7.6
1.20 6 OFF 14.3 1.03 12,0 1.67 23.3 27.5 3.2 7.6
1.27 6 OFF 13.3 1.04 12,1 1.02 27.9 32.8 5.0 8.4
1,38 6 OFF 11.6 1.25 14.6 .85 48.9 57.1 3.8 21.8
1,200 RPM \
1.09 34 ON 14.5 1,83 21.3 5.0 49.0 49.3 5.0 5.3
1.19 40 ON 13.8 1.82 21,2 4.7 59.5 68.8 6.2 2.4
1.27 40 ON 13.5 1.94 22.6 4.3 72.9 84.3 3.1 4,17
1.35 . 40 ON 12.4 1.86 21.7 3.1 97.7 181.4 6.8 5.3
1.10 24 OFF 16.5 1.76 20.5 24.8 58,0 33.8 6.2 4.7
1.20 30 OFF 16.0 1.78 20.8 23.9 63,2 57.4 3.1 4.7
1.28 30 OFF 15.6 1.83 21.3 14.3 60.8 64.2 3.7 5.3
1.36 32 OFF 14.3 1.88 21.9 8.7 64.8 73.8 5.0 5.6
1,600 RPM
1.09 38 ON 16.1 2.36 27.5 19.3 72.7 44.5 2.9 5.9
1.20 38 ON 14.8 2.43 28.4 14.3 78.5 84.4 4,6 5.9
1.26 40 ON 13.2 2.51 29.3 9.7 89.5 88.6 4,6 13.0
1.39 40 ON 13.4 ] 2.49 29.1 8.0{ 116.8 73.5 6.7 3.8
1.10 24 OFF 16.8 2.45 28.6 38.6 93.7 31.1 4.6 8.0
1.20 30 OFF 16.8 2.43 28.4 34,0 79.8 49,1 4.6 8.0
1.28 36 OFF 16.2 2.37 27.6 31.5 79.0 57.5 5.0 4.6
1.39 36 OFF 14.9 2.38 27.8 13.9 88.5 117.2 6.7 6.3
2,200 RPM
1.09 30 ON 13.8 3.95 46,1 45,81 138.6 31.3 3.5 38.9
1.19 38 ON 14.0 3.80 44,3 53.4 ) 124.7 62.1 9.9 32.5
1.26 46 ON 12.7 3.87 45.1 41,2 123.5 94,0 11.0 34,2
1.37 46 ON 12.0 3.82 44,6 25.5] 143.8 145.0 11.6 37.7
1.09 20 OFF 14.9 4.04 47.2 75.4 25.5 32.5 24.9 6.4
1.20 34 OFF 14.0 3.64 42.5 78.9] 158.9 63.2 11.6 13.3
1,27 30 OFF 13.3 3.76 43,9 37.1| 131.7 85.8 11.6 18.0
1,37 [ OFF 13.3 3.67 42.8 43.5| 138.0 121.8 11.0 18.0
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