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FOREWARD

Ambient temperatures have been reported to affect automotive emissions
and fuel economies since 1966. Federal automobile emission standards
and the measured fuel economies are currently based on results obtained
using the 1975 Federal Test Procedure and the Highway Fuel Economy Test.
Both tests must be conducted at ambient temperatures from 68°F (20°C) to
86°F (30°C). Since cars in service must start and run over a much
broader temperature range than this, the U.S. Environmental Protection
Agency wanted to know how well the various car age groups and emission
control technologies available today would perform at the more extreme
ambient temperatures using the above test procedures as well as other
specialized tests. It was also desired to know how the use of a car's
air conditioner would affect exhaust emissions and fuel economies.

This report presents the results of exhaust emissions (regulated
and unregulated) and fuel economies associated with fourteen selected
vehicles tested at ambient temperatures ranging from 0°F (-18°C) to
110°F (43°C) using the various test procedures.



SUMMARY

The effect of ambient temperature on exhaust gas emissions, fuel
economy, catalyst light-off time,* exhaust gas temperatures, and driveability
were studied using 14 automobiles at eight ambient temperatures which
ranged from 0°F (-18°C) to 110°F (43°C). The vehicles consisted of
groups of noncatalyst, 49 State standards, California standards, and
prototype cars. The studies were conducted using the 1975 Federal Test
Procedure, the Highway Fuel Economy Test, the Sulfate Emission Test, the
New York City Cycle, and the Federal Short Tests.

The current automobile emission standards and the measured fuel
economies are based on results from the 1975 Federal Test Procedure and
the Highway Fuel Economy Test. Both tests are normally performed at
temperatures from 68°F (20°C) to 86°F (30°C). The other tests used in
this program were specialized tests and their test temperature limits
have not been specified. The Sulfate Emission Test was used to measure
the sulfate and the particulates being emitted by the various catalyst
systems. The New York City Cycle, which simulates selected New York
City driving conditions, was used in lieu of the Federal Short Tests for
some of the cars. Some parts of the Federal Short Tests have been
considered for emission measurements in inspection stations. In this
program, a garage type instrument (Stewart Warner) was compared to a
scientific type instrument (Beckman) using the steady state conditions
of the Federal Short Tests. The two instruments did not agree on the
amount of hydrocarbons in the exhaust gas but they did agree on the
amount of CO present.

In addition to the regulated exhaust gas emissions (HC, CO_and
NOX), unregulated emissions (aldehydes, hydrogen sulfide, sulfate,
particulates and individual hydrocarbons by gas chromatography) were
also measured.

The results from this program showed that hydrocarbons, carbon
monoxide and nitrogen oxides generally increased as the ambient temperature
decreased from the normal ambient temperature 1imits specified for the
Federal Test Procedure. The hydrocarbons and the carbon monoxide emissions

* Catalyst light-off time is defined in this report as the time into
the Federal Test Procedure at which the temperature of the exhaust
gases leaving the catalyst first exceeded the temperature of the
exhaust gases entering the catalyst.
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were more responsive to ambient temperatures than the nitrogen oxide
emissions were. The hydrocarbon and carbon monoxide variations observed

at the lower temperatures using the cold transient phase of the Federal
Test Procedure appeared to be a function of the emission control technology
used in the vehicle. At temperatures above the normal ambient temperature,
the results varied with the vehicle with some vehicles showing higher
emissions.

The use of the vehicle's air conditioner usually increased the
hydrocarbon, carbon monoxide, and nitrogen oxide emissions as well as
the fuel consumption.

In a very few cases, hydrogen sulfide was detected in the exhaust
gases using the Federal Test Procedure. The highest concentration
detected was 18 mg/km and this occurred at 0°F (-18°C).

The aldehydes detected in the Federal Test Procedure composite
sample showed no consistent trend with test temperature. Two of the
noncatalyst cars produced the highest concentrations of aldehydes while
the third noncatalyst car gave results similar to several of the catalyst
equipped cars. Several of the catalyst equipped cars gave aldehyde
emissions that were less than half of those emitted by the noncatalyst
cars.

The sulfate produced using the Sulfate Emission Test was always
very low. The noncatalyst cars gave much Tower concentrations of sulfate
than the catalyst cars and only the three highest emitters gave sulfate
~emissions greater than 1 mg/km. There was no relationship between
sulfate emissions and the ambient temperature.

The particulates measured during the Sulfate Emission Tests produced
a variety of results. The noncatalyst cars gave particulate emissions
that varied from 6 to 32 mg/km while those of the catalyst cars ranged
from 3 to 36 mg/km. Some cars gave maximum particulates at 0°F (-18°C)
while others produced maximum particulates at 110°F (43°C) or intermediate
temperatures.

Individual hydrocarbons and hydrocarbon groups found in the exhaust
gases obtained using the Federal Test Procedure were analyzed by a gas
chromatographic method. The concentrations of about seventy-five specific
hydrocarbons were determined for each phase of the Federal Test Procedure
at all eight ambient test temperatures. These were also grouped in
terms of methane, saturates, acetylene, olefins, aromatics and unknowns.
The results were quite varied. For the cold transient phase of the
Federal Test Procedure, the methane concentrations varied from 2.6 to
12.9% of the hydrocarbons for the noncatalyst cars as compared with 7.4
to 36.3% for the catalyst equipped cars. For this test phase, the
saturates accounted for 30 to 50% of the hydrocarbons, the acetylenes 0-
15%, the olefins 6.6 to 34.7%, the aromatics 7.8 to 32.2%, and benzene
1.4 to 6.3%.



The fuel economies obtained during the cold transient phase of the
Federal Test Procedure were very sensitive to ambient temperature. The
poorest economies occurred at 0°F (-18°C). The use of air conditioning
reduced fuel economy in nearly every case. For the stabilized and hot
transient phases, the fuel economies improved substantially as compared
to the cold transient phase.

The Tight-off times and light-off temperatures of the catalyst
obtained using the cold transient phase of the Federal Test Procedure
varied widely for the different catalyst systems. The light-off times
for all cars with catalyst at all test temperatures varied from 67 to
419 seconds and the light-off temperatures ranged from 400 to 1100°F
(204 to 593°C). There was no consistent relationship between 1ight-off
time and ambient temperature. There were larger differences in exhaust
gas temperatures between catalyst systems than there were between test
procedures or ambient temperatures.

A considerable number of driveability problems occurred at 0 and
20°F (-18 and -7°C) using the cold transient phase of the Federal Test
Procedure. However, some driveability problems were encountered at
higher ambient temperatures and with other test cycles. Driveability
problems usually increased most of the exhaust gas emissions.

This report was submitted in fulfillment of Contract 68-03-2530 by
Gulf Research and Development Company under the sponsorship of the U.S.
Environmental Protection Agency. This report covers the period April 1,
1977 to September 1, 1979, and experimental work was completed as of
July 1, 1979.
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SECTION 1

INTRODUCTION

Ambient temperatures have been reported to affect automotive emissions
and fuel economies since 1966 (1-7)*. Federal automobile emission
standards and the measured fuel economies are currently based on results
obtained using the 1975 Federal Test Procedure (FTP) and the Highway
Fuel Economy Test (HFET). Both tests must be performed** at ambient
temperatures from 68°F (20°C) to 86°F (30°C) Since cars in service must
start from and operate over a much broader temperature range than this,
it was desired to identify how well the various car age groups and
emission control technologies available today would perform at the more
extreme ambient temperatures. It was also desired to identify how the
use of a car's air conditioner would affect exhaust emissions and fuel
economies.

In addition to the FTP and the HFET, other specialized tests were
run at selected ambient temperatures. These were the Sulfate Emission
Test (SET), the New York City Cycle (NYCC), and the Federal Short Tests
(FST). The SET was used to evaluate the amount of sulfate and particulates
being emitted by the various emission control systems. The NYCC, which
simulates selected New York City driving, was used in place of the FST
for a number of the cars. Some parts of the FST have been considered
for emission measurements at inspection stations. In this regard, one
garage type instrument (Stewart Warner) was compared to a scientific
type instrument (Beckman) using the steady state conditions of the FST.

In this program, fourteen cars were evaluated for emissions, fuel
economy, driveability, catalyst light-off time, and exhaust gas temperatures
at eight controlled ambient temperatures which varied from 0°F (-18°C)
to 110°F (43°C). The vehicles consisted of groups of noncatalyst, 49
State standards, California standards and prototype cars. Duplicate
tests at each temperature were conducted in nearly every case. In
addition to regulated emissions (HC, CO, and NOX), unregulated emissions
(aldehydes, hydrogen sulfide, particulates, sulfate and individual
hydrocarbons measured by means of gas chromatography) were also measured.

*Numbers in parentheses designate references at the end of the report.

** Throughout this program, performance of a test at a specified temperature
means that the vehicle was soaked at and operated over the test
cycles at the specified temperature.
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Catalyst light-off times and exhaust gas temperatures before and
after the catalyst were measured during the FTP. Maximum and minimum
exhaust gas temperatures out of the catalysts were measured during all
of the test cycles but only the FTP data were plotted.

Driveability problems encountered while running the FTP were recorded
nd an attempt was made to determine their influence on emissions.



SECTION 2

CONCLUSIONS

Hydrocarbon (HC) and carbon monoxide (CO) emissions were generally
higher than normal at all ambient temperatures below about 60°F (16°C)
for the 1975 Federal Test Procedure (FTP).

The HC and CO emissions were much more responsive to changes in the
ambient temperature during the cold transient phase of the FTP than they
were during the other two phases. The HC and CO emission variations
observed at the lower ambient temperatures with the cold transient phase
appeared to be a function of the emission equipment technology used in
the vehicle.

Some very high HC and CO emissions occurred at 110°F (43°C) with
some emission control equipment while running the New York City Cycle.

The use of a vehicle's air conditioner usually increased the HC,
€0, and NOX emissions as well as the fuel consumption.

NOX emissions were affected by the ambient temperature but to a
lesser degree than the HC and CO emissions.

Tests conducted at the lower ambient temperatures were frequently
complicated by starting and driveability problems which in turn affected
the emission levels.

The aldehydes detected using the FTP showed no consistent trend
with ambient temperature. Two of the noncatalyst cars (1974 Chevrolet
and 1978 Honda) gave the highest aldehyde concentrations with a maximum
of 322 mg/km for the Honda at 20°F (-7°C). The third noncatalyst car,
the 1972 Chevrolet, gave aldehyde concentrations that were similar to
those obtained with some of the catalyst cars.

In a very few cases, hydrogen sulfide was detected in the exhaust
gases. It was generally below detectable limits. The highest concentration
detected was 18 mg/km and this occurred at 0°F (-18°C) in the 1978
Buick. The next highest Tevel was 10 mg/km and this occurred in the
same car at 110°F (43°C).

Four cars (all catalyst cars) produced sulfate emissions greater

than 1 mg/km. These four cars were the 1977 California Plymouth, 1978
Chevrolet, 1979 Dodge and 1980 prototype Mercury. A maximum in one test

3



of 23 mg/km was found in the 1978 Chevrolet at 40°F (4°C). There was no
clear relationship between sulfate formation and ambient temperature.

The particulates measured during the Sulfate Emission Tests produced
a variety of results. The noncatalyst cars gave particulate emissions
that varied from 6 to 32 mg/km while those of the catalyst cars ranged
from 3 to 36 mg/km. Some cars gave maximum particulates at 0°F (-18°C)
while others produced maximum particulates at 110°F (43°C) or intermediate
temperatures.

As determined by gas chromatography, the methane produced during
the cold transient phase of the FTP by the noncatalyst vehicles was
relatively small (2.6 to 12.9%) as compared to the catalyst equipped
cars (7.4 to 36.3%).

The saturates accounted for 30 to 50% of the hydrocarbons for all
cars with the cold transient phase of the FTP.

The acetylenes produced during the cold transient phase of the FTP
varied from 0 to 15% for all cars with the higher concentrations occurring
at the lower test temperatures.

The olefins produced by the noncatalyst cars varied from about 8 to
50% of the total hydrocarbons for all three phases of the FTP. The
olefins emitted from the catalyst equipped cars were substantially lower
than those obtained with the noncatalyst cars, especially after the
catalysts were warmed up.

The percent aromatics found in the exhaust gas hydrocarbons from
the cold transient phase of the FTP showed little effect of ambient
temperature or emission control system. For the stabilized phase, the
aromatics were markedly reduced by some emission control systems.

The benzene found in the exhaust gases for the FTP varied from 0%
to 11% of the total hydrocarbons. During the cold transient phase of
the FTP, the exhaust gases contained approximately 1 to 7% of benzene.

The fuel economies obtained by all of the cars during the cold
transient phase of the FTP were very sensitive to the ambient temperature,
with the poorest economies occurring at 0°F (-18°C). The use of air
conditioning reduced fuel economy in nearly every case. For the stabilized
phase, the fuel economy improved substantially as compared to the cold
transient phase of the FTP and again raising the test temperature improved
the fuel economy.

The hydrocarbon emissions measured by the Beckman and the Stewart
Warner instruments during the Federal Short Tests were frequently in
very poor agreement. However, the CO emissions measured by these two
instruments were nearly always in good agreement.



The light-off times and the corresponding catalyst out exhaust gas
temperatures during the FTP varied widely for the different catalyst
systems. The light-off times for all eight ambient temperatures varied
from 67 to 419 seconds and the light-off temperatures ranged from about
400 to 1100°F (204 to 593°C). There was no consistent relationship
between light-off time and ambient temperature. The maximum exhaust gas
temperatures measured were usually obtained during the HFET. The maximum
exhaust gas temperature measured was 1,462°F (794°C). There were larger
differences in exhaust gas temperatures between catalyst systems than
there were between test procedures or ambient temperatures.

Most of the driveability problems were encountered during the cold
transient phase of the FTP during the 0°F (-18°C) and 20°F (-7°C) ambient
temperature tests. However, a considerable number of driveability
problems were encountered in some cars at the higher test temperatures
and during the other test phases.



Section 3

EQUIPMENT AND MATERIAL

CHASSIS DYNAMOMETER

The chassis dynamometer employed is an all-weather test facility.
Material used in its construction can withstand large changes in ambient
operating conditions. This facility was designed to duplicate all of
the operating conditions to which a vehicle is subjected during highway
operation. Vehicles as large as a Sceni-cruiser bus and as small as a
compact car can be tested.

Test Cell

The room that contains the test vehicle is the only area that is
heated or refrigerated. This room is 14 m (46 ft) long and 5.5 m (18 ft)
wide. The chassis dynamometer test cell is shown in Figure 1.
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Figure 1. Chassis dynamometer test cell
Temperature and Humidity Capabilities and Recorders--

Ambient temperatures from 70°F (-56°C) to 120°F (49°C) can be
maintained along with controlled humidity. Moisture is supplied to the
room as steam to obtain the desired humidity. Makeup air can be passed
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through a drying system, if necessary, to reduce its humidity. The
temperature and humidity are regulated from an exterior control panel.

A thermocouple located 91 cm (3 ft) in front of the vehicle grill and

91 cm (3 ft) above the floor was used as the measurement source for the
automatic temperature controller. A Honeywell Model R-15 controller and
a disc-type recorder is used to control the room temperature. This
controller is set to the temperature desired, and it then controls the
entire refrigeration system. The disc chart records the cell temperature
for 24 hours.

The humidity is also controlled at the console control panel. A
Nullmatic M/P Controller is set to automatically requlate the humidity
of the cell. A Dewcel sampler constantly analyzes the air and signals
the Nullmatic. The dewpoint in the room is recorded on a Foxboro disc-
type recorder, similar to the temperature recorder. Relative humidities
from 5 to 95% can be controlled by this instrument.

Vehicle Restraints and Tread Rolls--

Both rear-wheel and front-wheel drive vehicles can be tested on
this dynamometer. Concave floor blocks engage the front of the idle
wheels, then adjustable saddles slide over and clamp the rear portion.
The saddles are adjustable to accommodate different tire sizes, and the
blocks are fastened to slide rails and are adjustable for various length
wheel bases. When a test vehicle is mounted on the dynamometer, the
drive wheels are positioned on top of two 122 cm (4 ft) diameter steel
rolls which are 61 cm (2 ft) wide. These rolls are connected to the
inertia and windage loading system in an adjacent room.

Loading System--

The road inertia of vehicles with curb weights from 907 kg (2000 1b)
to 3266 kg (7200 1b) can be simulated. Four fly wheels, sized to
permit an equivalent increase in inertia of 91, 181, 363, and 454 kg
(200, 400, 800, 1000 1b) can be independently engaged or disengaged
from the drive shaft that connects the tread rolls to a 112 kW (150 hp)
motoring, 298 kW (400 hp) absorbing dynamometer. This connection is
made via a three-speed gear box that can be shifted to underdrive,
overdrive, direct drive, or neutral. This shift changes the inertia
load of the system so that four ranges of loading are available.

The road load horsepower of a vehicle is simulated by driving a
centrifugal air blower which is also coupled to the dynamometer shaft
via a three-speed gear box. With blower speed flexibility in combination
with an air flow damper on the fan output, road load horsepower settings
can be obtained to conform to the values l1isted in the Federal Register (8).
Additional Toading can be applied electrically using the absorbing

dynamometer motor. The arrangement of the dynamometer loading system is
shown in Figure 2.
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Figure 2. Dynamometer loading system

Vehicle Cooling--

Frontal cooling is supplied from a telescoping duct 122 cm
(4 ft) high and 122 cm (4 ft) wide. The duct is baffled to direct the
air to the vehicle grill and undercar area. This air is recycled through
the humidifier and cooling coils. A Pitot tube is mounted at the end of
the duct to measure air speed. This reading is indicated on a Magne-
helic gauge which is calibrated in miles per hour. Air velocity is
normally matched to vehicle speed automatically, but it can be set to
any constant value.

Exhaust System--

The vehicle exhaust is connected to the sampling system by a thermo-
statically controlled heated flexible line which is 3.7 m (12 ft) in
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length and 6.4 cm (2.5 in) in diameter. This insulated line is Type BCU
interlocking stainless steel hose with air-tight Marmon flange connectors
and is routed through the dynamometer floor to a 10.2 cm (4 in) stainless
steel gate valve which directs the flow to a dilution tunnel or to a
mixing chamber.

Mileage Counter and Recorder--

A revolution counter on the driveshaft of the dynamometer rolls is
coupled to a digital counter and printer. The driver of the test vehicle
presses a button which sends a print command to the printer when mileage
is to be recorded. The mileage counter system generates 21,008 counts
per mile of vehicle travel with an accuracy of 0.00016 km (0.0001 mi).

Display Panel--

A vehicle speed gauge and tractive effort gauge are mounted on a
suspended portable panel in the test room. This panel straddles the car
hood and is anchored just outside the windshield of the vehicle where it
can be observed easily by the driver. A red flashing light is also
mounted on the panel to alert the driver of any malfunctioning equipment
or unsafe conditions. If any of the dynamometer safety circuits are
activated, this light flashes.

Vehicle Accessories

Several items necessary for the test are transferred from vehicle
to vehicle when a new test is started.

Drivers Aid--

A Hewlett-Packard Model 680 instrument, made especially for displaying
and recording cyclic operation, was used for this program. Rolled
charts with preprinted speed traces are displayed to the driver; and a
recording pen indicator, indicating the vehicle speed, is used to follow
the prescribed test cycle speeds. Charts are available for the Federal
Test Procedure, Highway Fuel Economy Test, Sulfate Emission Test,
Federal Short Cycle, and New York City Cycle. The last two mentioned
were made with a computer plotter from data supplied by EPA. The other
charts were standard purchasable items.

Tachometer and Vacuum Gauge--

At specified test times, engine rpm and manifold vacuum readings
were obtained. These were observed visually and recorded manually.
Engine rpm was indicated by a Snap-on Model MT 417 inductive lead pickup
tachometer. Vacuum in inches of mercury was observed with a Crosby
Model AAO gauge with 6.4 mm (0.25 in) subdivisions.



Temperature Measurement--

Engine coolant, crankcase oil, carburetor air, and exhaust gas
temperatures were monitored with Conax premium grade ungrounded iron-
constantan thermocouples mounted at their respective locations during
vehicle preparation. A junction box in the test cell provides plug-in
connections that lead to a temperature recorder in the sampling room.

Communications System--

To correlate the sampling procedures with the driving procedures,
sound-powered microphone headsets were used. They are David Clark Model
H 5040 plug-in units. Several junction boxes were mounted in the dynamometer
area to provide greater versatility.

Air-Conditioning Duct--

When test runs were made at 80°F (27°C) and above, and the vehicle
air conditioning system was not used, auxiliary air conditioning was
supplied to the vehicle interior. This air conditioning was supplied by
way of a 20.3 cm (8 in) flexible hose connected to a portable room air
conditioning unit located outside the test cell.

SAMPLING EQUIPMENT

A room directly below the rear portion of the dynamometer test cell
contains all of the exhaust gas sampling apparatus. A cement and tile
ceiling 56 cm (22 in) thick provides insulation from the test cell area.
Figure 3 is a sketch of the exhaust gas sampling system.
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Figure 3. Exhaust gas sampling system.
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Regulated Emissions

€0, CO,, HC, and NOX are the regulated emissions sampled for _
analysis. K Scott Model 301 Constant Volume Sampler, employing a.pos1tive
displacement pump, is used to dilute, measure, and sampie the vehicle
exhaust in accordance with the procedure specified in the3Federa1
Register.(9) The pump capacity is approximately 141.6 dm~/sec (300
ft¥/min). The unit utilizes an air to air heat exchanger which controls
the inlet air to the displacement pump and sample bag. The sampling
system was modified to add another outlet for an air bag so that simultaneous
dilution air and exhaust bag samples could be obtained for each phase of
the FTP. The collection bags are constructed of 0.05 mm (2 mil) Tedlar
(polyvinyl flouride) enclosed within a black p]astic3shie1d to minimize
photochemical reactions. They have a 120 1 (4.25 ft“) capacity. The
dilution air required for the system is ducted from outside the building
through an electrically heated duct and then through a three-stage air
filtration system. When the outside ambient temperature is low, the air
can be heated to 68°F (20°C). In the summer, tests are conducted in the
morning so that ambient temperatures do not exceed 86°F (30°C). The air
filtration system consists of an Aeromold filter to remove large airborne
particulates, a charcoal adsorber cell to remove hydrocarbons and a fine
glass fiber filter (absolute) to remove small particulates. The flow of
the dilution air from the filters to the mixing tee in front of the heat
exchanger is always through the dilution tunnel. With the air heated,
condensation in the system when exhaust gas is admitted is minimal.

Unregulated Emissions

Dilution Tunnel--

Particulates and sulfates are sampled using a dilution tunnel
5.49 m (18 ft) long and 318 mm (12.5 in) in diameter. It is constructed
of type 304 stainless steel with a wall thickness of 1.59 mm (1/16 in).
A baffle plate with an opening one-half the diameter of the tunnel is
mounted at the exhaust inlet location and sample probe tips are downstream
4.05 m (13.3 ft) from the baffle. The probes are 19.1 mm (0.75 in) in
diameter with tips ground to a knife-edge. Two probes are mounted
equidistant from the centerline of the tunnel. The filters used to
collect the particulate samples are attached to the probes at their
exits. The filter holders are disc-type 47 mm in-line stainless steel
units made by Gelman Instrument Company. The inlets to the holders and
the connecting fittings were machined to provide an unbroken interior
surface from the probe tip to the filter surface area. The filters are
47 mm Fluoropore membrane discs with a pore size of 1.0 micron. The
system uses a Gast rotary-vane pump capable of _pulling a vaguum up to
94.6 kPa (28 in Hg) and a free flow of 0.235 m3/min (8.3 fto/min). It
draws the sample through the probe, filter, flowmeter, and regulating
valve of two identical systems. Each flow is constantly monitored to
maintain an isokinetic gas velocity through the probe and dilution
tunnel. The pump discharge is routed through a variable area flow meter
and into a Rockwell No. 250S bellows-type dry gas meter. The inlet
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temperature is monitored with an iron-constantan thermocouple, and the
outlet pressure with a Dwyer Magnehelic pressure gauge. As mentioned
earlier, the CVS dilution air always flows through the tunnel. The
vehicle exhaust is directed either to the tunnel by a Jamesbury stainless
steel wafer-sphere butterfly valve with a positive sealing seat, or to a
mixing tee in front of the CVS heat exchanger.

Aldehyde and Hydrogen Sulfide Extraction Apparatus--

Two separate sample lines and systems located downstream from the
positive displacement pump on the CVS unit are used to sample the diluted
exhaust. Each system contains an Air Control, Inc., diaphragm pump that
draws the sample through two 100 ml impingers submerged in an ice bath,

a moisture trap, a Brooks flow indicator, and a regulating valve. The
pump discharge is through a Rockwell 150 S bellows-type dry gas volume
meter. The inlet temperature is monitored with an iron-constantan
thermocouple to standardize the volume readings. The outlet of the
meter is to the atmosphere, resulting in negligible pressure drop; thus,
the reading is standardized using barometric pressure.

Gas Chromatography Samples--

Hydrocarbon samples which are to be analyzed by gas chromato-graphy
are extracted from the CVS bag sample. A diaphragm pump is used to
transfer the di%uted samples from the larger sample bag to a smaller
7.07 1 (0.25 ft”) bag constructed from 0.05 mm (2 mil) Tedlar and
covered with black plastic which acts as a light shield against photo-
chemical reactions.

Temperature Recorders--

A 12-channel Leeds & Northrup Type G Speedomax Chart recorder with
a range of 0°F (18°C) to 400°F (204°C) is used to obtain a record of the
following temperatures: (a) test cell ambient, (b) engine water out,
(c) crankcase oil, (d) carburetor air, (e) CVS gas sample,
(f) dilution tunnel probes, (G) sulfate gas meter, (h) CVS room ambient,
(i) dilution tunnel in, (j) aldehyde gas meter, (k) hydrogen sulfide
gas meter (1) outside ambient. Each temperature was recorded on the
chart every 40 seconds.

A Doric Digitrend Model 220 Recorder is used to monitor and record
vehicle exhaust gas temperatures. The time between each temperature
reading varied from one second to one minute.

ANALYTICAL EQUIPMENT

The regulated emission analysis equipment is located in a room
adjacent to the sampling equipment. This provided an immediate analysis
of the samples. The equipment used to analyze the unregulated emission
samples is located in an adjacent building. The expediency of their
analysis was not as critical.
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Regulated Emissions

Analyzer Bench--

An analytical system complete with all of the hardware specified in
the Federal Register (10) was used. The specific instruments and their
ranges are:

CO - Beckman Model I.R. 315B, Dual Cell: Three Range
330 mm (13 in) cell: 0-300 ppm, 0-1500 ppm, 0-5000 ppm
6.35 mm (1/4 in) cell: 0-0.7%, 0-7.0%
C0.,, - Beckman Model I.R. 3158, Dual Cell: Single Range
6.35 mm (1/4 in) cell: 0-3%
0.79 mm (1/32 in) cell: 0-15%

2

HC - Beckman Model 400 Flame Ionization Detector. Three ranges:
0-10 ppm C3, 0-100 ppm C3, 0-1000 ppm C3

NO/NOX - Thermo Electron Model 10A Chemiluminescent with an NOX
Converter. Three ranges:

0-100 ppm NO/NOX, 0-250 ppm NO/NOX, 0-2500 ppm NO/NOX.

This bench contains a refrigeration system with traps and filters
which permits the analysis of raw exhaust samples. It also is equipped
with a Honeywell Model 1508 Visicorder direct writing oscillograph that
simultaneously records the output of all the instruments.

Garage-Type Analyzer--

A Stewart-Warner Model 3160-A Infrared Exhaust Emission Analyzer
(portable and self-contained) was used in the analysis of Federal 3-Mode
raw exhaust gas samples. CO and HC were measured by the dual-beam
nondispersive infrared principle. Each meter has two ranges: 0-2% and
0-10% CO; 0-400 ppm and 0-2000 ppm HC. This unit contains its own pump,
filters, and traps, plus a cylinder of calibration gas to set the span
of the instruments. A mechanical sample span check is included for
routine calibration verification. The exhaust gas sample is obtained
via a 6.35 mm (1/4 in) stainless steel tube that was routed through the
heated flexible vehicle exhaust line and extended into the tailpipe
approximately 30.5 cm (12 in).

Calibration Gas System--

To calibrate and span the analytical instruments, a total of forty-
five gravimetric grade and twenty-six volumetric grade size A cylinders
of gas were purchased from Scott Environmental Technology, Incorporated.
The gravimetric grade accuracy was listed as 1% and the volumetric as
2%. The volumetric grade gases were used as daily span gases and the
gravimetric grades were used to generate calibration curves. A1l of
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these gas cylinders were shipped to EPA. in Ann Arbor where they were
analyzed and then sent to Gulf, along with analyses of the gases. The
EPA analyses were used for the calculations. The cylinder numbers,

along with both EPA. and Scott analyses, are listed in Table 1. 1In
addition to those listed, HC-free air,40% H,/60% He, and N, zero gas
cylinders were purchased. Also purchased fOr this system %ere sixty-one
dual-stage cylinder pressure regulators. An electronically controlled
solenoid manifold system combined with these gases and regulators enabled
quick selection of a calibrating gas.

Unregulated Emissions

Particulate Weighing Facility-~

An air-conditioned room controlied to 40% relative humidity and an
ambient temperature of 68°F (20°C) was used to stabilize and weigh the
47 mm Fluoropore filters. The scale used was a Metler Model H 51 five-
place microgram balance. A chemical hood area with a desiccator and
vacuum pump arrangement was used to ammoniate the filters prior to the
stabilization period. Ammonium hydroxide was used for this process.
Petri dishes and forceps were used to handle the filters.

Sulfate Analysis System--

An assortment of standard laboratory glassware and fittings, a
technicon Auto Analyzer proportioning pump (Model 1), a Technicon Colori-
meter Model 1 with a 50 mm tubular flowcell and a Bristol Company (Model
64 AT 1) roll chart recorder were used in the analysis of sulfate. The
necessary chemical supplies are isopropyl alochol, ammonium sulfate
crystals, Rexyn 101, barium sulfate, and distilled de-ionized water.

Aldehyde and Hydrogen Sulfide Analysis System--

Standard laboratory chemicals and equipment were used to prepare
reagents for the 2,4-Dinitrophenylhydrazine method of measuring carbonyl
compounds in vehicle exhaust. The resulting derivatives were measured
colorimetrically by a Bausch & Lomb Model 70 Spectronic Colorimeter.

The reagent for the collection of hydrogen sulfide was an alkaline
suspension of cadmium hydroxide. The collected sulfide was subsequently

determined by spectrophotometric measurement using a Bausch & Lomb Model
710 Colorimeter.

Hydrocarbons by Gas Chromatography--

The chromatographic apparatus consisted of a modified Perkin-Elmer
Model 900 Gas Chromatograph with a flame ionization detector and subambient
temperature accessory. A heated gas sampling valve compartment and an
automatic sequential timer as well as other small modifications were
added to the original equipment. A heated box for sample conditioning,

a Fisher Model 5000 Recorder and a Hewlett Packard Computer Model 3350
were used in the system.
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TABLE 1. ANALYSIS OF GAS CYLINDERS

Gulf

Scott-EPA

Cyl. Cylinder Analysis (——Bcott x 100)
No. No. Scott EPA X Difference
CO - Carbon Monoxide
16 AAL-209 45.1 43,7 PPM 3.10
17 AAL-152 89.2 87.8 PFM 1.56
18 AAL-297 134 131.4 PPM 1,94
19 AAL-171 179 176.2 PPM 1,56
20 AAL-166 223 221.5 PPM 0.67
21 AAL-151 270 268.7 PPM 0.48
22 MH-387 452 449.9 PPM 0.46
23 A-383 674 672.5 PPM 0.22
24 MH-112 900 899.1 PPM 0.10
25 XJ-6008 1120 1121.4 PPM -0.12
26 XA-478 1350 1341.9 PPM 0.€0
27 XA-1039 2250 2235.5 PPM 0.64
28 A-5372 3000 2975.8 PPM 0.80
29 A-1744 3740 3712.7 PPM 0.72
30 XJ-50452 4510 4485.8 PPM 0.53
3l MH-1974 6470 6407.8 PPM 0.96
32 A-7005 1.05 1.05 4 0.00
33 XJ-93781 2,10 2.1 4 0.00
34 A-1046 3.14 3.1 4 1.27
35 A-4621 4.17 4.2 Z -0.71
36 A-5152 5.26 5.2 4 1.14
37 A-4321 6.25 6.2 4 0.80
38 A-11427 240 236.3 PPM 1.54
43 XJ-94441 240 235.6 "PPM 1.83
39 XA-715 1180 1168.7 PPM 0.95
44 XEL-26052 1180 1169.9 PPM 0.85
40 A-3169 3920 3933.4 PPM -0.34
45 XJ-94533 3920 3943.3 PPM -0.59
41 A-3914 5930 5879.6 PPM 0.84
46 XA-3584 5930 5893.7 PPM 0.61
42 XA-761 6.14 6.2 4 -0.97
47 A-3281 6.14 6.2 4 -0.97
(CONTINUED)

15



TABLE 1. (CONTINUED)

Gulf (Scott-EPA x 100)
Cyl. Cylinder Analysis Scott

No. No. Scott EPA X Difference

COy - Carbon Dioxide

48 XA-890 4490.0 4489.0 PPM 0.02
49 -974 8970.0 8968.1 PPM 0.02
50 ~3758 1.34 1.35 Z -0.74
51 A-9837 1.81 1.81 4 0.00
52 XA-3105 2.25 2.25 Z 0.00
53 XJ-60165 2.70 2,72 4 ~0..74
54 A-4936 4.46 4.47 % -0.22
55 XJ-46714 6.74 6.74 % 0.00
56 XJ-93787 8.93 . 8.95 4 -0.22
57 A-10779 11.3 11.3 % 0.00
58 A-3253 13.3 13.3 % 0.00
59 A-4407 2.35 2.36 % -0.42
61 XA-739 2.35 2.35 % 0.00
60 A-3448 12.30 12.17 % 1.05
. 62 XJ-94509 12.30 12.16 % 1.13

NO - Nitric Oxide

63 A-4611 50.0 51.2 PPM -2.40
83 XA-2351 99.4 99.3 PPM -0.10
64 A-4123 249.0 254.5 . PPM ~-2.20
65 A-6670 1240 1243.1 PPM -0.25
66 A-3797 2510 2479.6 PPM 1.21
67 A-3763 83.5 83.6 PPM -0.11
69 A~-5790 80.9 78.4 PPM 3.09
68 A-3292 2040 2081.9 PPM -2,05
70 A-5098 or 89 2020 2064.7 PPM -2.21
84 A-3734 206 209 PPM -1.45
85 XA-1244 208 210.7 PPM ' -1.29
(CONTINUED)
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TABLE 1. (CONTINUED)

g;if Cylinder Analysis _ : (ES%%gi%Bﬁ x 100)
No. No., Scott EPA % Difference
HC -~ Hydrocarbon as Propane

71 XA-2141 5.0 5.0 PPM 0.00

72 A-4988 10.0 10.0 PPM 0.00

73 XA-2367 50.1 51.1 PPM -1.99

74 A-5811 99.4 98.1 PPM 1.30

75 A-4970 502 506 PPM -0.79

76 A-4955 991 995.2 PPM -0.42

77 MH-2153 8.06 8.3 PPM -2.97

80 XA=4575 8.04 8.3 PPM -3.23

78 XEL-33077 80.3 80.3 PPM 0.00

81 XA-1313 80.3 80.4 PPM -0.12

79 A-2417 826 755.9 PPM 8.48

82 A-4904 826 " 758.4 PPM 8.18

TEST VEHICLES

A total of 14 vehicles were tested. Three were noncatalyst cars:
a 1972 Chevrolet, a 1974 Chevrolet, and a 1977 Honda Civic. Three were
49 state standards: a 1977 Ford, a 1977 Plymouth, and a 1978 Buick,
Five were California standards: a 1977 Plymouth, a 1977 Chevrolet station
wagon, a 1978 Ford, a 1978 VW Rabbit, and a 1979 Dodge. Three were
prototype vehicles: a 1980 Mercury, a 1980 Buick, and a Datsun. The
prototype cars and the 1979 Dodge were supplied by EPA. All other
vehicles were company-owned or rented. A more complete description of
these vehicles is shown in Table 2.

FUELS AND LUBRICANTS

Two grades of unleaded fuel were blended from commercial unleaded
base gasoline having an intermediate volatility. To make the summer
grade fuel, that was used for tests at 60°F (16°C) and above, a standard
low volatility reference fuel made from reformate and alkylate was added
as needed to obtain the desired Reid vapor pressure. To make the winter
grade fuel, used at 40°F (4°C) and below, butane was added to the base
fuel. These fuels were used in all vehicles, including the noncatalyst
cars.
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TABLE 2 - DESCRIPTION OF VEMICLES

Emission Control

Engine: Configuration
Displacement
Oistributor No.
Fuel System

Carburetor No.

Transmissfon Type

Axle: Ratio
Number
Tires: Manufacturer
Construction

Size
Air Conditioning

Vehicle Weight, kg slb
Inertia Weight, kg {1b
Road Load @ 50 mph, kw (hp)

Alr, EGR, Reducing
+ Oxidizing Cat.,
Afr Inj.

V-6

3,69 liter

NA

Carb. 1 bb)
8286-1718
Automatic
3.22:1
1678
General
Belted
D78-14

Yes -

1442 (3180
1554 (3425
8.35 (11.2)

EGR, Dual 3-Way +
Oxidizing Cat.,
Atr Inj.

V-8

§.7 liter
1217-AA-7K19
Centralized fuel Inj.
Ethoh #138
Automatic

2.27:

NA

Firestone

Radial

HR78-14

Yes

1860 (4100)

1953 (4305)

9.47 (12.7)

EGR, 3-Way Cat.

V-6
3.8 liter

NA

Carb. Dual Jet
3217 BLS
Automatic
2.75:1
2AB03.43
Uniroyal
Radial
P195-75R14

Yes

1470 (3240)
1644 (3625)
8.35 {11.2}

Afr, EGR, Cat.

4 Cyl.

1.95 liter

TCD XA18 71003
Carb. 1 bbl
X101-711-10
Manual § Speed
3.55:1
1CB-0119

Toyo Z

Steel Radial
165-5R-13

Yes

1111 (2450)
1213 (2675)
7.08 (9.5)

VEHICLE: Make CHEVROLET CHEVROLET HONDA FORD PLYMOUTH
Model fmpala 1mpala Civic LT0 Fury
Model Year 1972 1974 1977 1977 1977
Odometer, km (m{) 104,948 (65,212) 47,641 (29,603) 26,261 (16,318} 10,536 (6,547) 15,335 (9,529)

Emission Standard . Federal Federal Federal Federal Federal

Emission Control Tuned engine Tuned engine Stratified Charge EGR, Monolith Cat. EGR, Monolith Cat.

Engine: Configuration V-8 v-8 4 cyl. V-8 V-8
Displacement 5.7 liter 5.7 liter 1.5 liter 5.7 iter 5.7 liter
Distributor No. 1112005-2€E1 1112844-3G31 D 410-84 , 98B-D7AE KA 6M15 3874908

Fuel System Carb. 2 bbl Carb. 2 bbl Carb. 2 bb? carb. 2 bbl Carb. 2 bbt
Carburetor No. 132 200 236 3CM CA 120002159 D7DE-RB-J-7B19 2936760

Transmission Type Automatic Automatic Automatic Automatic Automatic

Axle: Ratio 2.74: 3.10:1 - 2.45:1 2.70:1

Number NA KCB 24941 NA WER-AAGMC 2996

Tires: Manufacturer Genera) Firestone Bridgestone Goodyear Goodyear

Construction Radial Radial Belted Radial Belted
Size GR 70-15 G75-15 6.15-13 HR75-15 F78-15

Alr Condftfoning Yes No No Yes No

Vehicle wefght, kg (1b}- 1932 (4260 1941 (4280) 898 (1980) 2013 (4440 1814 (4000

Inertia Weight, kg slb 2043 (4505 2043 (4505) 1032 (2275) 2134 (4705 1953 (4305

Road Load @ 50 mph, kw (hp) 9.99 (13.4 9.47 (12.7) 6.41 (8.6) 9.99 (13.4 9.47 (12.7)

VEHICLE: Make BUICK (TURBOCHARGED) PLYMOUTH CHEVROLET FORD i
Model Ragal Fury Impala Statfon Wagon Pinto Rabbit
Model Year 1978 1977 1978 1978 1978
Odometer, km (mi) 4,464 (2,774) 5,948 (3,696) 4,894 (3,041) 5,485 (3,408) 8,999) (5,592)

Emissfon Standard Federal California California California california

Emission Control EGR, Catalyst, Alr EGR, Monolith Cat. EGR, Pelleted Cat. EGR, 3-Way Cat. Catalyst, EGR

Afr Inj.

Engine: Configuration V-6 V-8 V-8 Inline 4 Inline 4 .
Displacement 3.8 liter 5.2 liter 5.7 liter 2.3 1iter 1.5 liter
Distributor No. 110722 3874913 1103285 12127-CA-86-29 049 905 205A

Fuel System . Carb. 4 bbl Carb. 2 bbl Carb. 2 bbl Carb. 2 bd) Fuel Injection
Carburetor No. Dual Jet 210 0287730 645847 D 8EE-HA NA

Transmission Type Automatic Automatic Automatic Automatic Automatic

. Axle: Ratfo 2.66:1 2.70:1 2.56:1 3.15:1 .-
Number 2ABO 072 249 NA 2YD PQ4BN WGF ~-K-8CE NA

Tires: Manufacturer B. F. Goodrich Goodyear Firestone Goodyear Continental
Construction Radial Radial Radial Belted Radial
Stze P205-70R14 GR78-15 HR78-15 A78-13 1555R-13

Afr Conditioning Yes Yes Yes Yes No

Vehicle Weight, kg (1b 2416 iJZAO 1814 (4000) 1887 (4160 1230 (2800) 953 (2100)

Inertia Weight, kg (1b 2554 (3425 1953 (4305) 1953 (4305 1395 (3075 1123 (2475)

Road Load @ 50 mph, kw (hp) 8.5 (11.4) 9.47 (12.7) 9.47 (127) 7.68 (10.3 7.01 (9.4)

VEHICLE: Make DODGE MERCURY BUICK DATSUN
Mode! Aspen Cougar Regal
Model Year 1979 1980 Prototype 1980 Prototype - Prototype
Odometer, km (mi) 7,050 (4,381) 6,190 (3,846) 23,905 (14,854) 13,390 (8,320)

Emission Standard California Future Future Future

This program specified a fuel sulfur content of 0.03% or 300 ppm.
Ditertiary butyl disulfide was added to give the correct sulfur concentration.

Table 3 contains the essential fuel inspection data.
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TABLE 3. TEST FUEL COMPOSITION

Summer Winter Preconditioning

Gravity, °API, D 287 61.4 : 68.6 65.7
Carbon, wt % 86.09 85.34 85.68
Hydrogen, wt % 13.91 14.66 14.32
Sulfur, ppm 309 : 294 301
Hydrocarbon Analysis, D 1319:

Aromatics, % vol 15.0 11.5 13.0

Olefins, % Vol 10.5 . 13.0 15.5

Saturates, % Vol 74.5 75.5 71.5
Benzene, % Vol 0.3 0.2 0.2
Octane Number:

Research D 2699 91.8 91.8 92.6

Motor D 2700 84.2 84.5 83.8
Antiknock Compound:

As Pb by D 3237 gm/gal . <0.005 0.018 <0.005

As Mn by AA gm/gal 0 0 0
Vapor Pressure, Reid, D 325, 1b 8.4 12.0 11.1
Distillation, D 86:

Over Point, °F (°C) 94 (35) 77 (25) 83 (28)

50% Point, °F (°C) 232 (111) 200 (93) . 200 (93)

End Point. °F (°C) 383 (195) 298 (203) 426 (219)

% @ 158°F (70°C) 9 30 32

The crankcase 0il used in all tests was a premium commercial SAE T10W40,
API Service SE.
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Section 4

TEST PROCEDURES

FACILITY VERIFICATION

Before carrying out the program, a series of tests were conducted
to demonstrate the equipment's capability and to verify that the required
test conditions could be met.

Exhaust Temperature-Road vs. Dynamometer

Thermocouples were attached to the exhaust system of a catalyst
equipped vehicle (1977 Chevrolet, Test Car No. 2539) to measure four
exhaust pipe skin temperatures. These four locations were: (1) directly
in front of the catalyst, (2) just behind the catalyst, (3) just in
front of the rear wheels, and (4) 23 cm (9 in) from the end of the
exhaust pipe. The vehicle was then operated on a level road at low
ambient temperatures and low humidity conditions until the exhaust pipe
temperatures stabilized. These temperatures were recorded and then the
vehicle was operated in the test cell under the same road load and
ambient conditions, and the temperatures at the same exhaust pipe
locations were recorded. These data are presented in Tables 4 and 5.

It was established that to obtain data comparable to that on the
road, the car not only had to be driven on the dynamometer at the same
conditions, but also had to go through a similar operating cycle. When
this was done, the dynamometer results were in good agreement with
results on the road. The one exception was the thermocouple located
close to the end of the tailpipe. Since the tailpipe was attached to a
flex tubing to dispose of the exhaust gases, it was believed that this
may have increased the temperature at this point. However, the temperature
was close enough to be considered satisfactory from an exhaust gas
reaction viewpoint.

Ambient Temperature & Humidity Capability -
Exhaust Emission Sampling and Analysis Verification

Ten test runs were made on a 1975 Ford Torino at temperatures of
0, 40, 80, and 110°F (-18, 4, 27, and 43°C). It was demonstrated to
EPA's satisfaction that this vehicle could be driven and tested satisfactorily
at these extreme conditions using the specified test procedures. The
required tolerance for 40°F (4°C) and below was ¥4°F (¥2°C); for temperatures
above that level the tolerance was Z2°F (%1°C). It was not possible to
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TABLE 4. EXHAUST PIPE TEMPERATURE STUDIES - FIELD DATA

Temperatures: °F

Ambient
Thermocouple: No. 1 No. 2 No. 3 No, & Air: °F
CONDITION - IDLE
1st Run 483° 500° 316° 133° 33
2nd Run . 433° 466° 350° 216° 32
3rd Run - 516° 333° 3757 250" 32
X . 477 500 347 233 32
Range 83- 67 59 1
X +10% - 430 - 525 450 - 550 312 - 382 210 - 256

CONDITION - 20 MPH

1st Run 433° 466° 316° 183° 32
2nd Run 400° 483° 333° 216° 32
2rd Run 433° 466° 333° 216° 32
X 422 472 327 205 32
Kange : 33 17 17 33

X +10% 380 - 464 425- 519 295 - 360 185- 226

CONDITION - 40 MPH

lst Run 400° 500° 350° 233° 32
2nd Run 433° 483° 350° 233° 32
3rd Run 416° 483° 350° 250° 32
X 416 489 350 239 32
Range 33 17 0 17

X +10% 375~ 458 440~ 538 315- 385 215 - 263

CONDITION - 55 MPH

1st Run 500° 550° 416° 283° 32
2nd Run 466° 561° 416° 316° 32
3rd Run - 500° 549° 416° 316° 32
X 489 553 416 305 32
Rangu: 34 12 0 33

X +107% - 440 - 538 498 - 609 375 - 458 175 - 136

*Qutlier, dhfa discarded.
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| TABLE 5.

EXHAUST PIPE Tn.MI’ERA'lL*{E STUDIES - DY‘\IAMOMETEJ\ DAT!

Tempera tures, .

_F

[P SN P

Thermocouple: No. 1

CONDITION -~ IDLE

No, No. 3 No, 4 Ambient A_J_,;

1st Run 449 513 347 261 32.0
2nd Run 469 _481 _334 263 31.8
Average 459 497 341 262 32
Road Values X T10% 430-525 450-550 312-382  210-256 32
CONDITION -- 20 MPH
1st Pass 415 - - - 30.7
2nd Pass - 475 - - 31.1
3rd Pass - . 300 - 31.1
4th Pass - - - 328 31.6
Avg. 31
Road Values X T10% 380-464 425-519  295-360 185-226 32
CONDITION -- 40 MPH
lst Pass 462 - - - 32.0
2nd Pass - 505 - - 31.7
3rd Pass - - 350 - 31.6
4th Pass - - - 285 31.6
+ AVg. 32
Road Values X -10% 375-458  440-538 315-385  215-263 32
CONDITION -- 50 MPH
lst Pass 500 - - - 32.2 |
2nd Pass - 601 - - 32,5 i
3rd Pass - - 433 - 32.2
4th Pass - - - 348 31.6 !
Avg. 32 :
Road Values X *10% 440-538  498-609 375-458  275-336 32
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control humidity at 50% relative at 40°F (4°C) and below. However, the
absolute humidity at temperatures below 40°F (4°C) is so low that it
cannot have much effect on emissions.

Vehicle Exchangé Data--

This 1975 Ford Torino was shipped to the EPA in Ann Arbor for an
exhaust emission test. Their data were obtained using a Clayton dynamometer
with the car hood open at an ambignt temperature of 75°F (24°C). The
cooling air was constant at 25 dm”/sec (53 cfm) and the vehicle air
conditioner was on. For these comparison tests, we ran the chassis
dynamometer under the same conditions and then ran another set with the
hood closed and cooling air varied with car speed. The FTP and HFET
procedures were run at both labs at an ambient temperature of 75°F
(24°C). The results, summarized in Table 6 were considered satisfactory.

TABLE 6. EXHAUST EMISSION COMPARISON

Gulf - open hood Gulf - closed hood EPA - open hood

"FIP Bag 1 HC  g/km 0.99 0.93 0.71
CO g/km 27.38 24.19 22.24
NOXC g/km 1.09 1.18 0.99
CO2 g/km 512.96 512.12 482.60
km/1 4.19 4.24 4.51
FTP Bag 2 HC g/km 0.29 0.33 0.25
CO g/km 7.07 . 6.71 8.14
NOXC g/km 0.88 0.89 0.81
COz g/km 534.26 524.08 524.22
km/1 4.29 4.37 4.38
FTP Bag 3 HC g/km 0.32 0.45 0.28
CO g/km 12.59 12.66 13.60
NOXC g/km 1.36 1.30 1.24
CO2 g/km 450.93 431.61 418.60
km/1 4.97 5.17 5.31
HFET HC g/km 0.14 0.19 0.54
0 g/km 4.64 4.93 19.00
NOXC g/km 1.57 1.54 1.34
Co; g/km 334.16 333.54 291.93
km/1 6.85 6.86 7.25

Coast-down times at two speed regimes for the Gulf chassis dynamometer
and the EPA Clayton dynamometer were also measured using the 1975 Ford
Torino. The averages of these times are listed in Table 7. The results
showed that the Gulf dynamometer coast-down time was a little slower at
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TABLE 7. DYNAMOMETER COAST DOWN TIME COMPARISON

Gulf EPA
Time, Sec. Time, Sec.
88 to 72 km/h (55 to 45 mph) AC Off 8.05 7.86
48 to 32 lkm/h (30 to 20 mph) AC Off 61.83 64.14
88 to 72 km/h (55 to 45 mph) AC On 7.30 _ 7.14
48 to 32 km/h (30 to 20 mph) AC On 32.96 35.25

80 km/h (50 mph), but a little faster at 40 km/h (25 mph). This offset,
along with the small differences in fuel economy noted in Table 6,

suggests that there may be a slight difference in the loading characteristics
of the two types of dynamometers. This small difference was not considered
to be significant for the comparisons that were to be made in this

program.

Gulf/EPA Gas Cylinder Exchange Data--

Eleven Size C compressed gas cylinders, with contents unknown to
us, were supplied by EPA for analysis with our analytical bench instruments.
Two of these cylinders contained three-component gas blends while the
others were single components with the balance being nitrogen. Our

results compared favorably with the EPA analyses. The data are listed
in Table 8.
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TABLE 8. COMPRESSED GAS CYLINDER EXCHANGE DATA

Cylinder No. Component Gulf EPA
13378 Csllg 17.46 ppm 16.94 ppm
14974 Cslig 9.66 ppm 9.81 ppm
12137 ‘ Co 2140 ppm 2109 ppm
D-1142 NOX 112.64 ppm 115.95 ppm
D-1153 NOX 74 .83 ppm 74.97 ppm
D-1157 NOX : 10.06 ppm 10.91 ppm
14939 CO2 2.37 % 2.38 %
12346 COz 1.69 % 1.68 %
13357 COp 1.41 % 1.38 %
Blend "'B" CzHg 7.48 ppm 7.59 ppm
Co 405 ppm 401 ppm
€Oz 1.14 % 1.13 %
Blend "'C" C3Hsg 7.48 ppm 7.59 ppm
CO 1020 ppm 1008 ppm
COy 1.55 % 1.53 %

Scott Cross Reference Exchange Data--

Gulf subscribes to a cross reference service provided by Scott
Environmental Technology, Inc. Each quarter Scott sends a compressed
gas cylinder to be analyzed for C3H » C0,, CO, and NO-NOX. This service
provides an accurate check of the aﬁa]ytgcal bench instruments. Between
20 and 40 participants receive these exchange samples and report their
analyses. Scott tabulates the data and distributes to the participants
quarterly reports containing statistical analyses of results and listing
individual results. Table 9 is a tabulation of results obtained using
the instruments in service for this contract. Our analyses have been
well within acceptable Timits.
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TABLE 9. GULF AND INDUSTRY DATA ON SCOTT EXCHANGE SAMPLES

' Industry Std. Industry  Std.
Gulf Avg. Dev. Gulf = Avg. Dev.
1977 - Sample 3 1977 - Sample 4
Cziig ppm 131.5 131.6 3.05 40.8 40.3 0.8
CO  ppm 1800 1835 39 246 251.5 9.3
Co2 % 3.89 3.90 .07 2.23 2.21  0.m
NO  ppm 1893 1915 54 147.6 146.5 6.9
NOX ppm 1908 1932 79 149.8 148.2 6.9
1978 - Sample 1 1978 - Sample 2
CzHg ppm 8.17 8.10 0.43 876 900 28
CO ppm 1210 1204 32.7 923 903 11
Coz % 1.11 1.09 0.02 2.71 2.71  0.04
NO ppm 934.5 940.1 24.5 82.1 81.2 4.8
NOX ppm 939.0 945.1 29.3 82.3 82.1 6.0
1978 - Sample 3 1978 - Samplec 4
CzHg ppm 91.01 90.67 2.06 17.3 17.3 0.82
CO ppm 627 617 17 152.0 156.5 5.0
Co2 % 3.61 3.62 0.09 0.86 0.86 0.03
NO ppm 1246 1254 32.5 440.9 437.8 11.6
NOX ppm 1249 1262 40.9 441.8 441.7 13.9
Gulf and EPA Sulfate Exchange--

Another cooperative program was conducted with EPA to evaluate the

sulfate analysis procedure.
analyzed by Gulf and by EPA.

that the laboratories agreed very well.
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TABLE 10. SULFATE ANALYSIS COMPARISON

: Sulfates, ug/Samples
Sample No. Gulf EPA

I-4 227* --
-8 464 -
Avg. 464 Avg. 464
11-2 120 --
11-8 121 -
Avg. 121 Avg. 121
ITI-1 48 --
II1I-2 52 --
Avg. 50 Avg. 51
*  Qutlier

~ OPERATIONAL

The following describes the operational procedure followed with
each vehicle.

Vehicle Preparation

When new cars were used, they were operated in normal over-the-road
service for approximately 6500 km (4000 mi) to break in and condition
the engine. Rented or borrowed cars had already been driven in this
manner. The vehicles were then inspected for both tire and exhaust
system condition. A record was made of the car's odometer, the serial
numbers of the carburetor, distributor, transmission, and rear axle.
The rear axle ratio was measured and the emission control system was
described. Any defective parts were replaced. The cars were then
weighed with fuel tanks adjusted to one-fourth full. A Marmon flange
was attached to the tailpipe to provide a sealed connection to the
exhaust system. Driving wheel tire pressures were adjusted to 310 kPa
(45 psi) and their description recorded. Spark plugs, points, condensers,
fuel filters, air filters, and PCV valves were replaced on the older
vehicles and replaced, if needed, on new cars. Ignition timing, emission
controls, carburetor, and choke settings were all adjusted after previously
checking in the "as received" condition. No adjustments were made on
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the prototype vehicles or the 1979 Dodge Aspen. The engine oil and oil
filters were changed except for the prototype Mercury and Buick. The
battery condition and antifreeze were checked to ensure proper operation
at cold temperatures. The air conditioning systems were checked for
proper operation. The fuel tanks were drained, flushed, and filled with
the preconditioning fuel.

Instrumentation of the cars consisted of installing thermocouples
to measure water jacket, carburetor air, engine oil and exhaust temperatures.
The water jacket thermocouples were usually installed at the location of
the manufacturer's temperature sending unit. In the case of the prototypes,
we were requested not to disturb these fittings so a wire thermocouple
was slid under the bypass hose and clamped into the coolant stream. The
0oil temperature was measured by a sealed dipstick thermocouple the same
length as the dip-stick and installed in the dipstick access hole. The
carburetor inlet air temperature was measured at the inlet port of the
air cleaner. Except for the prototype vehicles and the 1979 Dodge, the
exhaust gas thermocouples were installed in the exhaust stream through
airtight gas taps. On catalyst equipped cars, thermocouples were
installed approximately 5 c¢m (2 in) ahead of and behind the catalyst.

If more than one catalyst was used, before and after thermocouples were
installed for each catalyst. On noncatalyst cars, only one thermocouple
was installed 50 cm (20 in) downstream from the exhaust manifold junction
with the tailpipe. With the prototype cars and the 1979 Dodge, we were
not permitted to drill holes in the exhaust system. In these cases
outside surface-mounted thermocouples were installed at the selected

locations, and skin temperatures, not the exhaust gas temperatures, were
measured.

Vehicle Preconditioning

A1l of the vehicles except the prototypes and the 1979 Dodge Aspen
were preconditioned by being driven for 1600 km (1000 mi) on a Clayton
dynamometer. The preconditioning fuel containing 0.03% sulfur was used
for conducting the EPA Durability Driving Schedule (11). Cycle control
was established by using tape recorded audible instructions to the
driver. The prototype 1980 Mercury and 1980 Buick vehicles were each
given a 160 km (100 m) preconditioning run and the prototype Datsun and
1979 Dodge Aspen were each given a 400 km (250 mi) preconditioning run.
After preconditioning, the cars were moved to the test cell and mounted
on the chassis dynamometer for testing.

Driving Cycles

Initially, four different driving cycles were involved in the
testing sequence. After the first six cars, the New York City Cycle
replaced the Federal Short Tests.
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Federal Test Procedure--

The EPA Urban Dynamometer Driving Schedule published in the Federal
Register (12) was used as the Federal Test Procedure at each test temperature.
It is of 1371 sec. duration and the distance traveled is 12.1 km (7.5 mi).
After a ten-minute soak period, the first 505 seconds of the schedule is
repeated for a total traveled distance of 17.86 km (11.10 mi).

Highway Fuel Economy Test--

This driving schedule also appears in the Federal Register (13),
and it was used at each test condition. It was not preceded by a conditioning
run but followed either the Federal Test Procedure or the Sulfate Emission
Test. Total sampling time is 765 seconds and distance traveled is 16.48
km (10.24 mi).

Sulfate Emission Test--

Labeled the EPA Congested Freeway Driving Schedule, this cycle is
1398 seconds in duration and the distance traveled is 21.72 km (13.50 mi).
When it was run in the testing sequence, it followed the Federal Test
Procedure.

Federal Short Tests--

These tests consisted of a Federal Short Cycle (FSC), Federal 3
Mode (F3M), and a 2500 RPM unloaded test. The FSC is a nine-mode test
of 125 second duration with a distance traveled of 1.21 km (0.75 mi) as
shown in Table 11.

TABLE 11. FEDERAL SHORT CYCLE DRIVING SCHEDULE
Mode* Time in Mode (secs)
0-26 km/h ( 0-16 mph) acceleration 6
26-47 km/h (16-29 mph) acceleration 23
47 km/h (29 mph) cruise 10
47-60 km/h (29-37 mph) acceleration 18
60-68 km/h (37-42 mph) acceleration 4.5
68-60 km/h (42-37 mph) deceleration 2.5
60-32 km/h (37-20 mph) deceleration 32
32-0 km/h (20-0 mph) deceleration 7.5
idle 21.5
Total 125.0 seconds

* The dynamometer loadings and transmission shift
points follow the procedure as required for the

75 FTP.
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The F3M consists of 80 km/h (50 mph) and 48 km/h (30 mph) steady-
state cruises with the dynamometer loaded to simulate the average power
which occurs at the respective speeds of the 1375 FTP as shown in
Table 12. The dynamometer inertia weights are disengaged. The third
mode of the F3M is conducted at idle with the automatic transmission in
neutral and then in drive. The vehicle is operated in each mode for
approximately one minute until the emissions stabilize. At test temperatures
of 90°F (32°C) and above, it is necessary to turn on the cooling fan to
prevent the engine from overheating. The hoods of the vehicles remained
closed for all tests.

_ TABLE 12. FEDERAL 3 MODE OPERATING CONDITIONS

High Speed Mode Low Speed Mode

Vehicle Inertia Transmission Speed Load Speed Load Idle
Weight Class Range mph hp mph hp Mode
Up to 2500 1b In drive or 50 21 30 9 Automatic
lower gear ~ transmission
for 30 mph _ in neutral
test o and in drive
2501 to 3500 1b In drive or 50 26 30 12
high gear
3501 to 3500 1b In drive or 50 31 30 15
high gear
Above 4501 1b In drive or 50 36 30 18
high gear

The 2500 rpm unloaded test was run with the transpission in neutral
and the throttle held open to hold the engine at 2500 -100 rpm until an
exhaust sample was taken. The engine was then idled at closed throttle
in neutral for another exhaust sample reading.

New York City Cycle--

Starting with the seventh car, the Federal Short Tests were replaced
by the New York City Cycie (NYCC). This cycle is 599 seconds in duration
and a distance of 1.90 km (1.18 mi) is traveled. The average speed is
11.41 km/h (7.08 mph) with a maximum speed of 44.6 km/h (27.7 mph). The
driving schedule was provided by the EPA. The driving charts for the
driver's aid were made using a computer plotter.
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Temperature Sequence and Tests Required

Replicate valid tests were conducted with each car at each test
temperature. Cars equipped with air conditioning had replicate valid
tests run at 80, 90, and 110°F (27, 32, and 43°C) with the vehicle air
conditioner in operation and set to deliver maximum cooling. Vehicles
are numbered in the order of testing. Cars 1 through 7 and 10 through
14 followed a schedule outlined in the original scope of work, but the
NYCC was run in place of the Federal Short Tests in cars 7 through 14.
Cars 8 and 9 were requested to have a varying schedule due to program
goals and vehicle availability. These schedules are listed in Tables 13
and 14. :

TABLE 13. TEMPERATURE SEQUENCE & TEST CYCLES FOR CARS 1-7, & 10-14

(Cars 1-6) (Cars 7, 10-14)

Temp. °F (°C) 75 FTP SET HFET FST NYCC
60 (16) X - X - X
70 (21) X - X - -
80 27 X X X X X
80 AC (27) X X X - X
90 (32) X - X - -
90 AC (32) X - X - -
110 (43) X X X X X
110 AC (43) X X X - X
110 AC (43) X X X - X
110 43) X X X X X
90 AC (32) X - X - -
90 (32) X - X - -
80 AC (27) X X X - X
80 (27) X X X X X
70 (21) X - X - -
60 (16) X - X - X
40 4) X X X X -
20 (-7) X - X - X
0 (-18) X X X X -
0 (-18) X X X X -
20 (-7) X - X - X
40 4) X X X X -
test run

test not run
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TABLE 14. TEMPERATURE SEQUENCE AND TEST CYCLES FOR CARS 8 AND 9

Temp. °F (°C) 75 FTP . SET HFET NYCC
40 (4) X X X -
20 (-7 X - X X
20 (-7) X - X X
90 (32) X - X -
90 AC (32) X - X -
110 (43) X X X X
110 AC (43) X X X X
110 AC (43) X X X X
110 (43) X X X X
80 (27) X X X X
80 AC (27) X X X X
70 (21) X - X -
60 (16) X - X X
70 (21) X - X -
80 (27) X X X X

When fuel changes were made, the cars were removed from the test
cell, the fuel tanks drained and flushed, and then filled with the next
test fuel and again placed on the dynamometer. Two FTP test cycles were
driven to condition the vehicle when fuel was changed or added or when
there was a shutdown of 36 hours or more. In normal operation, the
regular testing sequence constituted the conditioning for the next day's
run. Any tests that were declared void were repeated in their entirety.
The speed/time tolerances listed in the Federal Register (14) were
adhered to for all testing. If any of the tests within a test set were
completed satisfactorily, the data were reported. Only one set of

tests was conducted daily resulting in a soak period from 20 to 24
hours.

Deviations from Federal Test Procedures

For this entire program, four variances from the regulated procedures
were in effect. These are: the evaporative emission test normally
conducted with the FTP was omitted; the hoods of the cars were closed
and the cooling air was matched to the vehicle speed; the 10% road load
increment for AC equipped cars was not used; and in addition to humidity-
corrected NOX (NOXC), measured NOX was reported.

Calibrations

Before the test vehicle was placed on the dynamometer, the inertia
weights, road load horsepower at 80 km/h (50 mph) and the loaded horsepower
required for the Federal 3 Mode test were determined. The corresponding
dynamometer settings were made and calibrations performed with the
torque system and dynamometer coast down procedure. A1l of the analytical

32



instruments and the CVS unit were calibrated using the Federal Register
procedures (15).

Daily Test Operation

The test cell temperatures and the humidities for the previous 12-
hour period were checked to be sure they were within limits before
testing began. The sequence of procedures used varied in a specific
manner given in Tables 13 and 14. If a certain procedure was not to be
run at the prevailing temperature, it was skipped and the next procedure
in the sequence was run.

Federal Test Procedure--

The FTP was always run first. Regulated emissions were sampled by
the CVS three-bag procedure. In addition to the normal analysis for HC,
C0, CO,, and NOX, samples from each of the three diluted exhaust bags
were eatracted for analyses using a gas chromatograph to measure individual
hydrocarbons. During this FTP three-phase test, separate sample lines
from the CVS-diluted-exhaust supplied the sample gas to the aldehyde and
hydrogen sulfide impingers.

The 12-channel L&N temperature recorder was on for the entire daily
testing sequence. When the sampler was activated for the start of the
test, the Doric temperature recorder began recording the exhaust gas
temperature and time intervals. If the vehicle had just one catalyst,
only two (before and after) temperatures were recorded and the time
intervals were one second. If four temperatures were recorded, the time
interval was two seconds; and if six, intervals of four seconds were
obtained. When the exhaust temperature out of the catalyst exceeded the
exhaust temperature into the catalyst, this was called light-off time
and the recorder was reset to record the remainder of the test at one-
minute intervals. As soon as each phase of the FTP was completed, the
sample and dilution air bags were analyzed. During the driving cycle
the driver made comments on the vehicle driveability. These were recorded
along with the idle rpm and vacuum readings obtained at the initial idle
in "neutral" and the idle in "drive" after the first mode of the driving
schedule. After completing the sampling period for the FTP, the driver
let the engine idle in neutral while the driver's aid charts were
changed and the sampling system prepared for the next test. Maximum
elapsed time between procedures was three minutes.

Sulfate Emission Test--

The SET was run next if it was scheduled. If it was not scheduled,
the next test (HFET) was run. To run the SET, the exhaust from the
vehicle was directed into the dilution tunnel. At a command from the
driver, the CVS sampler and the particulate and sulfate sampling system
were activated. Two sample probes in the dilution tunnel provided two
separate filter samples from this test. The filter flow rate was held
constant to provide an isokinetic flow for the entire test. At the
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conclusion of the SET, the driver again let the engine idle in neutral
while the driver's aid charts were changed and the sampling system
prepared for the next procedure. The exhaust flow was changed to bypass
the dilution tunnel and the CVS bags removed for normal analysis of HC,
co, C02, and NOX. The maximum time between procedures was three minutes.

Highway Fuel Economy Test--

At a command from the driver, the HFET sampling was begun. At the
conclusion of this test, the driver stopped the engine for three minutes
while the driver's aid charts were changed and the sampling system
prepared for the next test. The CVS bags were analyzed in the same
manner as for the FTP.

Federal Short Tests/New York City Cycle--

The FSC was run next for the first six test vehicles if it was
scheduled. For the last eight vehicles tested, the NYCC could be on the
schedule and would be conducted at this time. If either test was scheduled,
the driver would start the engine after a three minute shutdown and idle
in neutral for three minutes. The sampling period for either the FSC or
NYCC would then begin. At the conclusion of the NYCC procedure, testing
for the day was terminated. When the FSC was run, the driver would stop
the engine for three minutes, disengage the dynamometer inertia weights,
turn off the vehicle cooling air (wind tunnel) and preset the electrical
dynamometer load for the F3M test. The FSC sample bags were analyzed in
the same manner as they were for the SET and HFET.

Federal 3 Mode--

After three minutes downtime, the engine was started and idled in
neutral for three minutes before starting the loaded cruise conditions
for the F3M. For the remainder of the testing, raw exhaust only is
analyzed. The sample was obtained through the stainless steel line
inside the flex tubing attached to the vehicle tail pipe. The exhaust
was analyzed for HC, CO, and NOX using the Beckman and Thermo-Electron
instruments. Simultaneously, the raw exhaust was analyzed for HC and
CO using the Stewart-Warner garage-type analyzer. The 80 km/h (50 mph)
cruise was run first. When the emissions stabilized (approximately one
minute) all readings were recorded and the 48 km/h (30 mph) mode was
run. The idle mode was then run, first in neutral and then in drive
with wheels braked on automatic transmission cars. If the engine water
or catalyst temperatures exceeded safe limits, the dynamometer cooling
air was used. The 2500 rpm unloaded test was then performed. Another
set of readings at idle in neutral were obtained. This concluded the
testing for the day.

Data Handling--

A1l of the temperature and humidity recording charts were removed,
identified and placed in a packet labeled with the vehicle and test
numbers. The Visicorder chart with the regulated emission analysis
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results from the instrument bench was manually converted to concentrations
and these data entered on computer input sheets. The tread roll revolution
counts from all of the cycles were converted to miles and the average
temperatures necessary for flow corrections were also entered. Later,
when all of the unregulated emission analysis information was received,
the computer input sheets were completed, cards were punched and sent to
the main computer for processing. Temperature plots of the catalyst

"out" temperature versus time of the FTP were made. The plot starts

when the catalyst "in" temperature reached 200°F (90°C) and continues at
twelve-second intervals until light-off is reached, then continues at

one minute intervals for the remainder of the test. The maximum and
minimum temperatures of the other driving cycles were recorded but not
plotted. The drivers charts with inked recordings of the actual cycle
operation were checked for driving errors. If errors were determined,

the day's testing was rescheduled for the following day, otherwise the
test cell was set for the next scheduled temperature. All of the data
were then placed in their packet and filed for future handling.

ANALYTICAL

Detailed procedures for component analysis and reporting methods
are contained in the Federal Register and EPA Publications.

Regulated Emissions

co, C02, HC, NOX (and NOXC) were sampled, analyzed, and calculated
as required”by the Federal Register (16). Calibration tests of the
analytical and sampling instruments were also performed as required.
The frequency of these calibrations was varied slightly so they would
occur at the start of testing for each car.

The fuel economy results were calculated using the carbon balance
method described in the Federal Register.(17)

Unregulated Emissions

Individual Hydrocarbons--

Gas chromatography was used to detect and measure C through C
hydrocarbon components. These gas samples were obta1ned from each 3;
the three diluted exhaust bags collected during the FTP.

A Perkin-Elmer 900 chromatograph was modified for the rapid routine
analysis of automotive exhausts and similar samples. The apparatus and
operating procedure are modeled after the proposed Standard CRC-APRAC
Chromatographic Method for Automobile Exhaust (18). However, other
modifications were made whenever they seemed advantageous.

Exhaust ana]yses can be made over a concentration range of 50-2000

ppmc with a mimumum reproducible detection of about 1 ppmc per component.
Liquid samples such as gasoline fuels and condensed fuel vapors can be
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blended in cylinders with nitrogen to 500-2000 ppmc and analyzed as a
gaseous biend. The analysis of C; and C, hydrocarbons is performed on
packed columns while an open tubu1ar co]Emn is used for C3 through C]2
components,

Aldehydes--

The procedure for the measurement of carbonyl compounds in exhaust
by the 2,4-Dinitrophenylhydrazine (DNPH) method was used for this program.
A composite sample from the three phases of the FTP was analyzed by a
modification of the procedure shown in reference (19).

Hydrogen Sulfide--

A gas chromatographic procedure was used for the first four vehicles
tested. No H,S was detected with this method of analyzing a diluted
exhaust bag sgmple. It was later learned that NO, apparently reacts
with H,S. Thereafter, a procedure entitled "The ﬁeasurement of Hydrogen
Su]fidg in Exhaust," published by the Department of Emissions Research,
Southwest Research Institute, was used (20). It is accomplished by
passing the diluted exhaust through glass impingers containing a cadmium
hydroxide solution. A composite sample from the three phases of the FTP
was taken. The absorbing solution is treated with N, N dimethyl-paraphenylene
diamine sulfate and ferric ammonium sulfate. The highly colored methylene
blue compound is formed and analyzed with a colorimeter.

Sulfate and Particulates--

Within one hour of the sulfate test, the filters are removed from
the collection system and placed in an open petri dish. This dish is
then placed in a desiccator and exposed to concentrated ammonium hydroxide
(NH,0H) vapors for at least 30 minutes. The sulfuric acid (H 504) is
thué converted to ammonium sulfate and water. The water quicE]y evaporates
from the filters and their weight is stabilized within two days when
conditioned in the temperature and humidity-controlled weighing room.
The tare weight of the filter had been established prior to the test and
the weight gain was attributed to particulates and ammonium sulfate.
These filters were then processed and analyzed by using the barium
chloranilate system to obtain the sulfate equivalent mass on the filters
which is then corrected for the ammonia added. Two probes and filters
were used and, thus, two sets of results were obtained to check the
reliability of the system. The data were extremely close, so the average
only was reported.
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Section 5

RESULTS AND DISCUSSIONS

The individual test results are tabulated in Appendices A, B, and
C. Appendix A contains individual test results on catalyst temperatures,
driveability, and emissions for each test procedure. Appendix B contains
graphs of the exhaust gas temperatures leaving the catalyst plotted
versus time from initial start. An indication of whether these temperatures
were higher than those entering the catalyst is also given. Appendix C
contains all of the component chromatographic data obtained using the
1975 Federal Test Procedure (FTP).

The discussions which follow are based on the results shown in the
summary tables and figures included in the text. In the figures, the
average emissions for each car on each test cycle are plotted against
ambient test temperatures. In the tables, periods represent test conditions
that were not run, either because there was no air conditioner or because
a triplicate test was run at one or more temperatures and not at the
remaining temperatures.

The 49 State and California emission standards that these test cars

were designed to meet at temperatures from 68°F (20°C) to 86°F (30°C)
are shown in Table 15. :

A

TABLE 15. 49 STATE AND CALIFORNIA EMISSION STANDARDS, g/km

' 49 State California
- HC co NOX HC co NOX
1972* 1.88 17.5 - 1.77 17.5 1.93
1974* 1.88 17.5 1.93 1.77 17.5 1.27
1977 0.93 9.3 1.24 0.25 5.6 0.93
1978 0.93 9.3 1.24 0.25 5.6 0.93
1979 0.93 9.3 1.24 0.25 5.6 0.93
1980 0.25 4.35 1.24 0.25 5.7 0.62

* (Calculated on the EPA approved equivalency basis
for the 1975 Federal Test Procedure.

37



EMISSIONS

Hydrocarbons (HC)

Figure 4 shows the average hydrocarbon emission results for each of
the three phases of the Federal Test Procedure (FTP) by car. Figure 5
shows the average emissions for the Composite FTP, the Highway Fuel
Economy Test, the Sulfate Emission Test and either the Federal Short
Cycle or the New York City Cycle, depending on which of the two tests
was run. All tests run without the vehicle air conditioner being used
are connected by a line through their corresponding symbols. Results
from the tests where the air-conditioners were used cars have corresponding
symbols plotted, but do not have connecting lines. :

Federal Test Procedure - Cold Transient Phase - HC--

Table 16 summarizes the hydrocarbon emission data in grams per
kilometer (g/km) for the cold transient phase (C-TR) of the Federal Test
Procedure. This condition, where the car was soaked at least 12 hours
and normally 24 hours, showed the greater variability in emissions and
in repeatability. If stalls or hesitations, occurred, hydrocarbons
increased.

The first three cars listed in Table 16 were noncatalyst cars.
Their HC emissions were the highest at 0°F (-18°C).or 20°F (-7°C).
This was true of all of the cars tested. The minimum hydrocarbons
occurred at 90°F (32°C) for the 1972 and 1974 Chevrolets and 110°F
(43°C) for the Honda. The use of air conditioning in the 1972 Chevrolet

increased its hydrocarbon emissions at 80 and 90°F (27 and 32°C) but not
at 110°F (43°C). '

The next three cars (the 1977 Ford, the 1977 Plymouth, and the 1978
Buick-turbocharged) were all certified to meet current 49 State emission
standards. The 1978 Buick had exceptionally high hydrocarbon emissions
at 0, 20, and 40°F (-18, -7, and 4°C). The (49 State) Plymouth was high
in hydrocarbon emissions at 0°F (-18°C) but decreased to a very low
value at 110°F (43°C). The use of air conditioning generally produced
more hydrocarbons with the Ford, but less with the Buick. The Plymouth
had no air conditioning.

The next five cars (the 1977 Plymouth, the 1978 Chevrolet, the 1978
Ford, the 1978 VW, and the 1979 Dodge) were all certified to meet California
emission standards. These five cars generally had lower hydrocarbon
emissions at all temperatures than the three preceding 49-state cars.

The Chevrolet, the Ford, and the Dodge produced high hydrocarbon emissions
at 0°F (-18°C). The VW, at 0°F (-18°C), had the lowest hydrocarbon
emissions of all the cars tested. Its emissions increased some at 110°F
(43°C) from its low which occurred between 60 and 90°F (16 and 32°C).

The last three cars (the Mercury, the Buick and the Datsun) were
all prototype cars designed to meet 1980 or later emission standards.
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The Mercury and the Buick were not tested at 0°F (-18°C) and only
single tests were conducted at five of the test conditions. This was
done to expedite the return of the cars. Hydrocarbon emissions from all
three cars were generally low, but all showed some increase in emissions
at the lower temperatures.

TasLL 10 F T P COLD THANSIINT - HYDKUCARDONS G/KM
TEMPLRATUKE F o 20 40 o 70 80 B0AC Q0 Q0AC 110 110AC
(€Cre=-18) (-7} 8) (10} 21 21y (z7) 32) {32) (43} (a3}
1972 CHEVROLET JMPALA 1289 Te27 L%} 290 2e84 2019 2003 197 2448 239 2410
1241 Tedd Be20 KrL-17 2eH9 2e74 3018 2.20 2435 2453 2.34
AVE 12 o> Te29 4490 3.25 2+67 2.87 277 2009 2e81 2406 2e22
1974 CHEVROLET IMPALA 1988 22.90 3042 Sel) 292 Y 3 - 2038 . 3e0bH -
1d.4) 13.08 1091 2ot 252 238 - 2417 - 2.74 -
. . . Se2® . - - - - - .
AVE 19.18 1799 747 297 2e72 2.7 . 227 . 2.90 .
1977 HUNDA CIVIC ay STATE 1lety $17.00 Jead FEL 2.26 170 - 132 . 111 -
13.08 900 1700 Jels 2018 202 . 131 - 1el2 -
AVE 12049 13.00 1029 302 2622 1.806 . 1e3) . 1.118 ®
197T FURD LID 49 STATE Teb0 .71 1.} Je28 1.90 700 195 2.05% 163 2.18 2013 2.08
. A29 4202 30 2«30 2423 197 2+.006 153 1.97 1.84 2.47
Yy - . . - - . . . . ‘e
AVE T eHR Bahl Je22 212 210 196 206 187 2408 1.98 2.28
1977 PLYMOUTH PURY 498 14,94 679 2.76 - 0.70 230 . hela - 0e8% .
: 13.04 1011 109 6401 .64 177 - 145 - 0.92 -
. - - Sel3 1.84) - - - . - .
AVE ' 14,28 BeAS Beltd 4e02 2.00 2.08 . 129 - 0.89 -
I97RA BUICK VO TURBOCHAKGE . 16069 T4 4014 a2 2ab3 240 152 147 1210 1e05
22¢0? 184429 1627 Je70 2e02 2.12 2.08 1«74 1.98 2.89 leoal
24 .h0 . - - . . . . . - -
AVE 2304 15.49 12,08 JevhH 3602 2428 219 02 1a7) 2005 138
1977 PLYMOUTH PURY CALIF LYT-E) 2414 1e2) D.9a et Dedo 0.78 0.03 0.73 C.57 0.99
LYY, L) 2e32 | S K] $.20 | Y3 LY L 079 Q073 lells latl 1a14
. . . . . - . - . - 184
AVE S 2623 137 0?7 lelty Oea? 0«79 Qe7d 0«96 XY 132
1978 CHLVRULETY SY w-CAL!F 16 .00 2692 121 Qe 0. 706 Oetsl 072 O0.7% C.84 134 Oe93
Behd 2.49 131 0.6 [ % ] O.6n 079 0.73 0.80 0.7/ 0.80
AVE 1005 251 la2¢ Qe7e [ % {1} O+ 64 0«75 0«70 Oe82 1.06 0.86
1978 FOKD PINTO CAL 3 WAY Ba36 4264 324 lelbh [T K] 1006 135 0.77 050 194 OS54
: 9402 Te06 394 182 el Cet7 092 QeSS Oy O 706 0.60
12.0t . - . . - . Do 2 - 3 0«80
AVE 960 S5.85 3.00 Jettb 129 el teld 062 050 135 [+ XY 3
1976 vw RADBIT CAL FU-INJ JadlL 2408 1esh Dbz Oa88 078 - 0.72 - 109 -
3e3a 1495 bads 1«06 0.91 0+90 . 0.91 . 126 .
AVE k PY 1] 2.01 132 0.94 0«90 084 - 082 - led7
1979 DODGE ASPEN CALIF. 1057 7402 3aay lelt [ 1.1} 0450 Veba 0a55 Qedtl Ce60 0.7
Teas 288 4 .60 158 2.70L 2401 1e04 0.73 Y1 0«60 [ rYX}
AVE Q.00 4.95 4.00 1.34 1.70 1e206 lela 004, 053 063 0e72
19A0 MERCURY PROTOTYPE - 6299 3.68 1.19 0.70 0.77 O0.t12 lalt 131 2.12 093
. . Teb) . - 102 Oe72 . - - 172 1.04
AVE . 7430 JebH 119 O.h6 Ce74 0e82 110 131 192 0.98
1980 BUICK REGAL PROTOTYIR - 2490 2040 1. 34 Q7% [/ ) .97 Oe79 Oe?? 0e?9 Oe74
. 2.58 . - Q.7a Oetik Y - . [ F%-1.3 057
AVE - 277 2030 [ LS Q.77 0.7 0.97 0.79 0.77 0.69 0.00
DATSUN PROTOTYPC 490 2432 1eb4 1a19 0. 72 059 - O.a8 - 050 -
312 2.74 . Qeut Qa7H 0.67 . Y - 0ottt -
. - 1e40 . e - . . . - .
AV 4.01 2a0d 1ea% 1.02 [+ % 43 0a.03 . 0.48 - [P Y1) LS

- Federal Test Procedure - Stabilized Phase - HC--

Table 17 summarizes the results of the hydrocarbon emissions for
the stabilized phase (STAB) of the FTP. This phase, which continues
without shutdown from the cold transient phase, generally produced the
lowest emissions of the three phases. The cars, after 8.4 minutes
driving in the cold transient phase were warmed up substantially. This
is demonstrated by the low hydrocarbon emissions at 0 and 20°F (-18
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and -Z°C) relative tg corresponding temperatures of the proceeding cold
transient phase. Driveability problems were generally not encountered
during this phase.

ranLe 17 F 1 & STALILLIZLD = HYDWHUCARHONS G/xKmM

TH MOERATURE F [ 20 40 60 143 B0 80AC 90 SOAC 1o 110AC
(C)(~)F) (=73 ta) (10 21 (¥4} (z7) €32y t32) a3y (e3)
19072 CHLEVROLETY TMPALA 1.63 1.28 1.02 Ve 130 1e36 1040 1e18 1e51 1449 195
: 153 1432 1.44 130 .82 1.50 1a35 1.490 1.45 1.83 2.306
AVE [P8-Y) 1e30 Serl 1.4 1034 1.44 1.38 1.32 1.4b 1.66 22106
1974 CHEVROLET IMPALA 0.3 0.98 Vost le2s 123 1.4 - 1.6% . 1.22 -
Oty 0e94 1.41 1abh 2.00 1e41 - 1.43 - 1.40 -
. - . 2ea0 . . . . . . .
AVE Vels? 0.96 1.40 1a788 Jetrd 1.42 . 1 eb4 - 163} -
1977 HONDA CIVIC 49 STATE 2.42 2.060 O.as O.4e 0en0 0.50 - 04523 . 0.7) -
2.55 2.27 [P [ Y4 [P 0.a8 . 0.52 . 0.0 .
AVE 2044 2.40 [ Py} 0.40 0.51 0.a9 . 0.52 . 0.7 .
1977 FURD LTD 49 STATE 101 0,54 0. 40 0.a7 0.49 v.an Veb? 0eb0 1e21 1.36 2.07
1.07 005 GeL2 Ocan 060 [ PLY:] 0?7 [ PLYA Oefa 108 2e11
0.98 - . - . . - . . . .
AVE 1 .02 0460 0.4 0.a0 0.54 Oe.at 0.2 O.a0 1.0 122 2.09
1977 PLYMOUTH FURY 495 [P 0.5R 0.2z 0.28 0.0t 0.23 . V.22 . [T .
[ 3,73 1.01 Qetts Ves? Oebt Oet? . 0.29 . Oet? .
. . ‘e 0e3t 0.21% - . . . . .
AVE 1.10 0.79 Ve aw 0e93 0a3l 0.20 . Q.20 - Oeb} -
19/8 BUTCK V6 TURHUCHARGE et 030 0..30 [P ] 0a2v 0.20 [(Pe3} Ve23 0.2% Oeas 0.3/
0.36 Ves0 Qe2ts 0e2% 024 0e23 0.27 0.40 0.2 0.2 Ce3s
040 - . . . . . . . . .
AVE. [ PRL] 0.2 0. 32 Oeits * Oa27 Qur? V.4 - 031 0e24 Gedl 0ess
L1OTT PLYMOUTH FUKY CALTF Oed2 0408 G0t Getr Oe0s Veua Vet s Oelh 0.2 0.10 0.21
Vo0’ 008 0.0’ Oel4 O.ta 0.0% 0.0 0410 Oalt (7% LN Oeni
. . . . - . . . . . [ K1
AVE 0.0 Q.08 (Y4 Vel 000 0.0% Oeld 0.10 0oty [ PS K] V30
1978 CHEVROLEY ST w-CALIF Oals Oelts Oel? 0.t 0.12 et d 0.08 0.10 0410 Oei#s 0.7
0«27 0.28 V.18 0.20 Gald 0.18 0e11 Oet s 0.00 015 0.1%
AVE PR L] 0.23 O. s O.14 Oel Vela 0410 Oel2 008 Oetts Oelo
1978 FURD PINTO CAL 3 WAY Oeib 0ads 0.24 Oe7 (1] Oe41 UelH 0.37 0,20 0.22 019
1eu1 0«06 03 0.30 0.30 031 0.27 0.23 0.17 0.39 019
0.4 . . . - . - [P . . Oe30
AvE Oe? 0.60 0e38 0. [ P} 0e30 [ P¥E) 0.26 0.9 0.31 028
1978 vw RAHBIV CAL +U-INJ 0.43 0al3 Oel3 Oata Oelt 0e2% . 0.31 . NP 20 .
Co 1204 0.09 0.0% 0a1h (IS T 0.27 . Oet2 . 08
AVE 0409 Oeld Ot (Y 0.17 0ev6 - 0es) . 0.81 -
1979 DUDGE ASPLN CALIF. 0.30 0635 0.24 0.2% 0.23 Oely 0e22 0.22 0.20 0.29 Oe.za
[ PRH Q.21 0.19 Oe2a 0e2a 0.22 0.21 0.21 0.22 0e25 0.22
AVE 0e1 0.28 0.21 Vo2t O.24 0.2t 021 0.22 D21 ce.27 0.23
1980 MERCURY PROTOTYPE . 0.29 0.2 Oelh 017 O.14 0.18 0.22 0els Oaln Del1s
. 0.2% . . OelS 0.21 - . . 0.7 Gt}
AVE . 0.27 0.25 [ TN Oele [ TS ¥4 0.18 0.22 0.15 0.6 0.13
1980
BUICK REGAL PRUTOTYR . Oels 001 0a00 0e00 0.0 0.006 0.09 0e06 0.09 Oe17
- . 0410 - . 0.006 .07 . - - 0.07 Oelb
AVE . 0el2 0.01 0408 0e06 0e07? 0400 0+09 0e00 008 0.16
DATEUN FROTOTYPE 015 Ve.la Qe /s [ Y] .14 Oel3 - Oet2 . 0.14 .
ST 0.17 Oet® Oelts 0. 0a13 . % I} . (778 K] -
. . 0.l6 . . . . . . . .
AVE. 0417 0elts 0+106 0.17 Oet3 0.1 - 013 . Os14 .

The stabilized phase data demonstrate that the emissions were

re@uced as the vehicles were designed to meet the more stringent standards.
This was generally true at all temperatures.

The effect of the air conditioners (AC) in operation can still be
observed in this phase. The 1972 Chevrolet, the 1977 Ford, and the 1977
(California) Plymouth all had higher hydrocarbon emissions with their AC
on. However, the 1978 California Pinto had reduced hydrocarbon emissions

with its AC on. The remaining AC cars showed little effect from the use
of their AC.
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Federal Test Procedure - Hot Transient Phase - HC--

Table 18 shows the average hydrocarbon emissions for the hot
transient phase (H-TR) of the FTP. This phase includes a start after a
ten-minute soak following the stabilized phase. Therefore, hydrocarbon
emissions in this phase were more than those in the stabilized phase.
Driveability problems did not usually occur during this phase. The
effect of reduced temperature was not pronounced in this phase unless
there was a starting or driveability problem, such as occurred with the
1978 Buick at 0°F (-18°C). Again, use of the air conditioners gave
mixed results. With a few cars, their use gave higher hydrocarbon
emissions while with the remaining ones they either had no effect or

gave less hydrocarbon emissions.

TABLE )8 £ T P HUT TRANSIENT — HYDROCAHRBONS G/KM

TEMPERATURE F [ 20 a0 60 70 50 80AC 90 90AC 110 110AC
(cre-1e) «-7» ta) (16} 21 [£24) 27y (32) t32) ta3y a3y
1972 CHEVROLET IMPALA 1.04 1.54 1.70 1e86 154 159 2.04 1.93 1.83 180 2.1
. 135 139 1.5 1069 1.62 1ets® 1e61 1435 1.58 2430 2.19
AVE 1440 1007 1e52 1a78 1.58 1.74 1.62 . 1.74 1.70 2411 215
1974 CHEVROLET IMPALA 1464 1.3% 1495 1,88 2.05 2.98 . 2.92 - 3.51 .
1.0% 1.69 1.54 2408 1.97 2086 . 2.9% - 2.99 .
. . . 1.90 . . . . . . .
AVE 1e6s 1.52 1.74 194 2.01 2.93 . 2.94 . 3.28 .
1977 HUNDA CIVIC 49 STATE 1.0 0.93 0. 74 0.74 1.00 0.85 . 04913 . 0.9e .
1.0% 0.80 0.63 095 0.n0 0?7 . 080 . 0e90 .
AVE 1e0n 0.6 079 0465 0490 Oens . o.00 . 0.95 .
1977 FORD LID 49 STATE 0.ut 0.73 0.89 1a04 tevs 1eaa 1.43 129 2.20 2024 aas
1.08 0.92 0.8h 0.%6 1.09 1esd 1.82 Lot .77 2.28 3e17
1ed9 . - - - . . . . . .
ave 1003 082 0487 1400 1et0 1239 1.03 1.30 1.99 2.27 3.66
1977 PLYMOUTH FURY 495 1.23 0.78 0.40 0eb8 0.2 0.76 . 0.72 . 1e27 .
0.7 0.98 0.74 0.53 0.2 0.56 . 0.686 . 1.28 .
. . . 0.1 0.51 . . . . . .
AVE 1.00 Oous 0.60 0.57 0.45 0.06 . 0.70 . 1.27 .
1978 BUICK Vo6 TURBUCHAKGE teat 1.0a 0.58 0438 0.40 0.41 0451 0.64 0.70 1.86 2439
8.9 0.61 0.72 0e1 0452 CeBa Oens 0e7 0e73 0sB6 107
e.sl - . - . - . . . . .
AVE 6.24 0.82 0.65 0.aa 0.46 0.63 0.53 0.70 0.72 1.30 1.78
1977 PLYMOUTH FURY CALIF 0452 0.27 0.25 0.07 0,39 0.52 Oab8 0431 0.66 .83 0.9
0.47 0.23 0.21 0.42 0.37 0+50 0.58 0437 0.46 0.59 1.30
. . . . . - - . . . 1.19
AVE 0.49 0.25 0.23 0455 0.8 Oen1 0e63 0e37 Oe%0 0e71 1ela
1978 CHEVROLET ST W—CALIF Oaitts 0.36 0432 0elE 0.22 0.23 0.20 0.29 0.18 0.24 0.24
0.4 0.5 0.3 0.20 0.22 [ 134 0.18 0.3z Ol 0.31 0.30
AVE 0.1 0.46 0.33 0.19 0.22 0425 0419 0.30 0.15 0.27 0.30
1978 FORD PINTU CAL 3 WAY O.al 0.t 0.0 0.3y 0.41 VoA 0.43 0.31 0.2¢ .39 [ 757
O.4a 0.4 [ LY 0anh 0ol Ouits 0428 0424 0e27 Y 0.27
0oL - . - . . . 0.17 . . Oedts
AVE (WY 0.49 0,39 0.4/ 0.4n 0. 30 Va6 0.24 0.25 0ot 0.3%
1978 v HABISIT CAL FU-INJ 0est 0430 0031 0.0 Y Oenn . 0.60 . 1a1s .
0.4 0.30 0.1 Ueat 0.an 0ana . 0e74 . 1eba .
AVE 0489 0430 0esd 0038 0eaa 0.n6 . 0.67 - lele .
1979 DULGE ASPEN CALIF, Ly 0.33 0.4 0.20 034 0.7 O.an Oea1 024 Oes0 Oea2
0ui® 0.39 0.4n 0.4t PRI 0.37 0.40 0.39 0.4 0434 0.a1
avc Y] 0.30 0439 0.6 0,30 LIV 0.39 0.40 0.32 0.37 0.42
19080 MERCUNY PROTOYYRE . [[PCTN [T 0.%0 o.an 3.49 0.39 [ Y [ tete 0.63
0.h8 . . 0.26 0.060 . . . 0.an 0.40
ave . et V.98 0etu 0437 2009 0439 0e02 Oe78 0e80 0.82
1980 BUICK REGAL PRUYDTYP . 0.36 0.27 0e21 0.22 0.10 018 c.18 [T 0.37 0.36
. 0.54 . . 0.z 0.20 . . . 0.26 0.47
AVE . 0.45 0,27 0.21 0.24 0.20 0.1 Osts o.1e 0.32 0.42
DATSUN  BRUTOTYRE 0.28 0.21 0.23 0.29 0.1 .17 - 0.16 . 0.2R .
0433 0s28 Oa2a 23 Qa7 Oety - oeto . 0.20 .
. . 0.70 . . . . . . . .
AVE 0.30 0.24 0.2% 0.26 0.8 [ ST . O.16 . 0.24 .
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Federal Test Procedure - Composite Samples - HC--

Data on Hydrocarbon Emissions for composite samples of the FTP are
presented in Table 19. These values indicate whether or not a vehicle
is within certification limits. The emission standards are listed in
Table 15. Most of the cars met the hydrocarbon emission standards at
temperatures of 70 and 80°F (21 and 27°C).

1ABLE 19 F T P CONPUOSTTE - HYDROCARBONS G/KM
TEMPERATURE F [} 20 40 ©0 70 80 80AC °0 90AC 10 110AC
(CY(-108) (-7 (a) 16) 21 t27) 27} (32) 32) (43) (643}
1972 (HL VROLET JIMPALA 3a.906 2.08 1.98 1ebs 3.60 . 180 159 179 177 2402
LR . 2459 2.7 172 186 1.76 164 167 2.t12 231
AVE EPY. 258 2.07 108 1eb8 1e73 1.78 1259 173 1.9% 2.17
1974 CHEVRULEY IMPALA 504 LYY 1«90 179 100 2.2% - 2.1 . 2e22 -
4065 Je02 3.40 193 2e1) 2 000 . 200 - 2e12 -
. - . Zaal . - - - . - -
AVE 4.8 4,60 2ot 2.07 o9 2.11 - 2.07 - 216 3
1977 HOUNDA CIVIC 49 STATE I3 5209 leld 1202 1.00 089 - 079 - 0.85 -
4.30 Ja24 Je988 Vel ? 0«94 Datsts . Oe70 - 0.82 .
AVE 4l 4al? 287 110 0«90 [ 9.7 - 078 - .84 -
1977 FUNRD LTD 49 STATL 2432 1.81 1e02 V.92 1.0 .04 lel0 049 168 2 e76 263
2453 1ede 1.15 Va4l 1 .00 1.02 132 089 132 156 2.47
227 - . - - - - - - - .
AVE 287 1e68 1.13 0.9% 1.04 1.03 le24 0.92 150 166 249
1977 PLYMUUTH FURY 49§ aath 1.92 0.62 Vet 0.24 0.60 - 055 - 1.01 -
347 2e89 2e70 1 ah9 Le2? [<XY-3) - O.04 - 0.8% -
- - - [ 1) 062 - - . . - -
AVE So82 2.01 1.79 1.1 0.7 070 - 0.%9 - 0.9 -
1974 HUICK VO TURBUCHARGE Le92 3.89 1e9b 106 [ Y. L] 0.71 0.72 0.60 0.6z 0.98 1.146
Ta2) 3a24 K Y 103 Oetss 0.7% 0.7t 0.77 073 1.00 0.70
7T.%0 - . . . - - - - - -
AV( Tals 3?7 2.82 1a05 L .13 el Ve72 0 a® X1 0.99 CeBD
1977 PLYMOUTH FURY C(ALIH 1.21 Oeb0 [ PN [PV Y ] 0a20 04206 0.4l 0.2% 0.4 0.39 0.56
1037 0459 Oaal [/ X 0.51 0.26 0.40 0.30 [ PYY) 0.48 0.85
- - . - - - - - . - 0.89
AVE 129 OadH 0.508 [ FY ¥3 0e39 Oe26 Oeal 0«30 [ XY 33 Ostd 0.77
1978 CHeVROLLE T ST w-CALIF ScAl 0a71 Qeas V2! Qo284 Oe2d 0.2% 0.29 0.28 Q.44 035
120 Oetit [ PY L) 029 0.2H ‘0edl 0.27 031 0e23 0ad2 Oe3d
AVE 2a3t8 076 Q.44 Q.28 0«2t Oa28 0a26 0.30 Oe2d O.38 [ XL
1978 FUND PINTO CAL 3 WAY 2.02 | PTA Oeb? C.a7 0.7 Oebls? 0eb9 Oet s 0e27 0a.62 0.30
250 194 | T ¥Ed O0a?? 053 NDed0 Oeal 0.32 0.27 0.4% 029
3.0% - - . - - . 022 - - [ XY 1.
AVE et 1065 1404 Vanhh Oathl OehHh? Oah0 Oasls 0e27 0ab 0e3d
19?8 Ve HARUITY CAL FU-INg 1.00 Oed7 Oeaz Des2 [P L] 0.8% - Q.48 . 0.94 -
1ash Oad3 V.40 040 Qed) [P LY 4 - Vebth . 1018 -
AVE Ved? 050 0.4) 030 039 Vel s - 0ad7 - 0.98 -
1979 DUDGE ASPEN CALIF. 2ed9 le?3 0o} [P IN} 0e34 Oe 30 0a35 0034 Oe2% 0.38 0.28
le?? GaB1 lells Vet 7 0e7R et [ P%-3- 036 Oa30 030 038
AVE 2.0n 1e?? 1.04 000 [ 751 Dea? O.8% 0.3% 0e30 0e37 O30
1980 MERCURY PROTOTYPE - 186 - telts DAt Oad6 117 0.37 033 056 0.82 O.44
- lewa . 0a30 Qets - . - 0.3%6 0.38
AVE - 1.90 [ Y TN Oaats 0.0 0¥ 0.37 0453 0.506 0.69 Oebt
1980 HUICK KEGAL PRLTLIYP . Oe7A Oed Oeitty 0e 2% Qe 24 0«27 0«26 0.24 Oe3t O34
- 0.72 . - O0e2% Oe23 - - . 0e23 Oe32
AVE - Ol 0% Oe36 0o Qe 24 0.27 0.206 024 0.27 0.33
DATSUN  PRUTOTYRE 1.03 [ P¥ Y ] Oeah Ceal 0el27 0,24 . 0.21 . 0.25 .
098 Qo722 0.5 0. 34 027 .20 - 0.2 . V.22 .
- - 0.44 - - . - - . - -
AVL Oevts Vebb Qedtl Oed?7 - Oe2? 0e2b - 0.21 . 024 -
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Again, the hydrocarbon emissions for all cars were the highest at
0°F (-18°C) and were frequently quite high at 20°F (-7°C). The effect
of air conditioning was varied. Some cars, such as the 1972 Chevrolet,
the 1977 Ford, and the 1977 (California) Plymouth had increased hydrocarbon
emissions with AC on, while the other cars emissions were either variable
or showed little effect.

Highway Fuel Economy Test-  HC--

While hydrocarbon emissions are not required to meet an emission
standard for any test other than the FTP, their level is of interest.
The Highway Fuel Economy Test (HFET) was run either following the FTP or
the Sulfate Emission Test (SET) after a three-minute maximum engine idle
period. Because the SET test was run only at 0, 40, 80, and 110°F
(-18, 4, 27, and 43°C) the cars running the HFET would be even more
stabilized at these temperatures since the HFET was always run following
the SET procedure. This effect is shown in Table 20 where the hydrocarbon
emissions at 0°F (-18°C) are close to those at 20°F (-7°C). Hydrocarbon
emission increases occurred at higher temperature in some of the vehicles
while others showed little change.

It was noted that test repeatability was much better in warmed up
engines than in cold engines. Even so, there were still substantial
deviations. While the California version cars and prototype car gave
the lowest hydrocarbon emissions, the 49 State cars were close behind.
The 1977 Honda without a catalyst was also close to the hydrocarbon
emission levels of the California cars.

Sulfate Emission Test - HC--

The Sulfate Emission Test (SET) was. run immediately after the FTP
following a maximum three-minute engine idle. This moderately high-
speed continuous operation test gave hydrocarbon emissions that were
generally low as is shown in Table 21.

As expected, the 1972 and 1974 Chevrolets, without catalysts, had
the highest emissions. The 1977 Ford also had surprisingly high emissions.
Except in the 1977 Ford, the use of air conditioning had only a small
effect on hydrocarbon emissions.
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TABLE 20 HIGHWAY FUEL ECONOMY TEST — NYDROCARBONS G/KM

TEMPERATURE F o 20 a0 0 70 80 80AC 90 SOAC 110 110AC
(CH~1b) =7 (a) t16) 21) (27 27 (32) 132) (43) (a3)
1972 CHCVNOLCY IMPALA 0.69 0.76 0.77 1.0% 1.19 1.24 1.25 117 1413 1.38 1e43
O.74 0.74 079 0.94 0.86 0.93 0.78 d.86 0.73 116 lell
AVE 0.7 0.7 078 0499 1.02 1.08 1.01 1.03 0.93 1.27 1.27
1974 CHFVROLLT IMPALA 0.73 0.69 0+80 0et9 083 080 . 099 . 1.00 .
[ 19 41 0.60 0.00 089 1.01 0491 . 0.8% - 0.84 .
. . . Cens? . - . . . . -
AVE 0aT2 0.7 0.73 Oebt 0,92 088 . 0.92 . 0.92 .
1977 HUNDA CIVIC 49 STASE 0.8 030 0.10 O.14 0,14 0elS . 0.14 . 0.20 .
020 0e18 0412 0a32 0.13 Oall . 0.1% . Oell .
AVE 0.22 0e23 0.1 [ TS K] [ ¥} Oel4a . 0e1% . 0e19 .
1977 FORD LTD 49 STATC Ocay 0e28 0s22 0e43 0ea2 Cubt 0.4% 0.43 0?5 181 1.31
0.29 0.22 0.27 0.20 0.40 0.406 0.45 0e32 0. b8 133 199
0.27 . . . . - . . . - -
AVE 0433 0.25 0.24 0.27 0ea) 0.49 045 0.38 0.64 1.37 1.65
1977 PLYMOUTH FURY 495 0.29 0e21 0.18 Dl 0.06 0ed2 . 0.l - 0429 .
. Veva 0.21 0.3 0.12 0.1 0.10 - 015 . 0e25 -
. . - O«ta 0009 . - . - - .
AVE 0.24 0e21 0.21 0.4 0.0% [P ¥ . 013 - 0.27 -
19768 BUICK V& TURBULHAKGL 0.17 0e1% [ PR 0.0v 0.11 0.10 0e113 0e.12 0.13 0.28 0ol
0.1% 0e12 O.1a 0a1l 0.21 [ IS ¥) Oetl 0e21 0eld2 0a19 0.22
0e20 . . . . . - . . . .
AVE Oely 0«13 Oela Ge 0.1 012 0.1 0.17 0et2 0.23 019
1977 PLYMOUTH FUKY CALIF 0.07 0.08 0.04 0.03 0.02 0404 04006 0.04 0.08 0e09 Del2
0.07 0.0% 0.02? 0.06 0.0% 0.03 0.06 0.04 0.08 0.23 017
. . . . . - - . . . 0.20
Ave 0.07 Ce06 0.0 3 0.04 0.04 0. 04 0.06 0.04 0.08h (IS TS Oelb
1978 CHELVROLEY LY 4~CALIF 02 0el 010 0.0t 0.06 0.07 0.04 0.0% 0.0% 0.08 0.10
0.1 Oeda 0.10 0.0¢ 0407 Ce0b 0086 0.0% 0e08 Oed2 0.13
AVt Veds N K) 010 0.00 0,006 0oL 0.00 0.05 0.0% 0.10 0el1
1978 FORDL PINTU CAL 3 WAY 0408 0.7 0407 0.34 0.0u 0,08 [N 0.0 0.09 0.08 0.07
0el0 [ K] [ ) 012 0.006 0.00 0.07 007 0400 Oeld 0.15
0.1 . . - . . . 0405 . . 0.1
Ave 0410 Oel Oslts Oel s 0.07 0.07 0ol 0.07 0.07 0.10 Oel1
1976 VW HAHUBIT CAL Fu~=INJ ¥.00 0.00 ~ 0.00 0.07 0.09 o.18 . 0.35 . 085 °
0.0 0.07 006 0.10 0.13 020 . 0.50 . 0.81 -
AVF 0.0 0.006 0400 0.09 0.11 0.39 . 0.42 . 0.83 .
1979 DOUGE ASPEN CALIF. [ 0.11 0.09 0.0n 0.08 0.07 0.08 0.07 0,07 0.11 0.10
0.1 010 Oel2 0.0% 0.1} 0.09 0.086 0.07 0.08 0410 0.07
AVE Vet 0ol 0.10 009 0409 0«08 0.08 0407 0407 Oel0 0.09
1980 MERCUKY PROTOTYHE - V.13 0.12 0.08 0.13 0.07 0.09 0.16 0.19 0.07 0.13
o.1E . - 0.09 Oell - . . 0.09 0420
AVE . 0415 0.12 0401 0.11 0.09 0+.09 .16 0.19 0.08 0.17
1560 BUICK REGAL PKULTUTYP . 0.07 0.008 0.04 0.07 0.05 0.04 0.07 0.05 0el9 0319
. O.06 . . 0«04 004 - - - 0.07 Oel4
AvVE - 006 0404 0.04 0.00 0.0a 0.04 0.07 005 083 0.6
DATSUN  PROTOVYPE 0a09 0.07 0.08 0.04 0.0¢ 0,07 - 0.006 . 0405 .
Vet2 0.09 0e0n 0.0/ 0.06 0.0¢ - 0.00 . 0.07 .
. - 0 .08 - . . - . . . .
AVE 0410 0.08 008 0.08 0.06 0.06 . 0.06 . 0.00 -
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TABLE 21

SULFATE EtMISSION TESY

=~ HYDROC ARBONS G/KXM

TEMPERATURE F 0 a0 80 80AC 110 110AC
’ (CY) (~18) (4) (27) (27 (43) (43)
1972 CHEVROLET IMPALA 0 o926 1el12 1 54 151 1«57 1463
1.05 1«19 133 1«13 171 155
AVE 101 1«16 143 132 164 159
1974 CHEVROLET IMPALA 104 134 148 . 180 -
104 1e4d1l 159 . 137 .
AVE 104 138 154 . 159 .
1977 HONDA CIlVIC 49 STATE 0«60 0e32 Oe40 e 0«52 -
077 0e38 0.38 - 053 .
AVE 0e68 0635 0.39 . 0652 .
1977 FORD LTD a9 STATE 0,50 0.7 0,73 0.71 1064 191
0eH8 057 O0e70 0672 14406 277
. Oeb6 . . . . -
AVE [ X%-1-] 0652 0«71 0.7, 1 55 2034
1977 PLYMOUTH FURY 49% Oed1 0e27 020 . 0«71 .
0.33 043 022 - 057 -
AVE 0,42 0,35 0,21 . 0 .64 .
1978 BUICK V6 TURBUCHARGE 0626 0ez23 O.14 0e23 083 0e62
0e22 Oel6 0e22 0019 0e506 059
0e2% . 'Y . . .
AVE 024 020 0.18 Oe21. 0 .69 0.60
1977 PLYMOUTH FURY CALIF 0.09 0.05 0«06 0+ 09 O.14 0e21
0,08 0«04 0,07 0e12 04,36 0,23
[ ] L] L] L] * o.sl
AVE 0409 0605 0e06 Oel0 025 O0e32
1978 CHEVROLETY ST wW—CALIF Oel1l 0el2 0.08 0606 013 0.09
O0e16 0e12 0.10 0.08 0014 0«19
AVE 0,13 0,12 009 0.07 0.14 0«14
1978 FORD PINTO CAL 3 WAY Os18 Oel3 0620 0.24 Oel? 0613
Oe19 0.34 011 0013 0«23 026
0«19 . . [ . .
AVE 0+19 0«24 0«16 0+19 0.20 0.20
1978 VW RABBIT CAL FU-INY 0.21 Os20 0435 . 0.97 .
0,20 0,21 0635 . 0,99 .
AVE 0«20 020 0635 - 0+98 .
1979 DODGE ASPEN CALIFe Oel? Oel3 Oel2 Oel3 Oel? 018
0.16 0e16 Oels 0.12 015 O.13
AVE 0617 Oel5 0.13 Oe12 0«16 O0e15
1980 MERCURY PROTOTYPE . 0e20 0013 0«17 015 0.20
: . 0,20 04,17 017 0,13 0,21
AVE o 0e20 OelS O0el? Oel4 0.21
1980 BUICK REGAL PROTOTYP . 0.04 0.07 0+ 05 0.19 O0.28
. 0+04 0+06 0405 0.11 0625
AVE . 0.04 0.006 0e 05 0e15 0s26
DATSUN PROTOTYPE Oeld 0010 0408 . 0,68 .
0.12 0.09 0.0t . 0.10 -
0+13 009 008 . 039 .
AVE 013 0,09 0.08 . 0.39 .
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Federal Short Cyc1e - HC--

The Federal Short Cycle (FSC) was run on the first six cars tested
as listed in Table 22. These tests were run with the car in the fully
warmed up condition following the HFET. Again, it was observed that
hydrocarbon emissions were the highest at the higher temperatures.

TABLE 22 FEDERAL SHORT CYCLE - HYDROCARBONS G/KM

TEMPERATURE F 0 40 80 110
(c) (-18) (4) (27) (43)
1972 CHEVROLET IMPAL A 126 l1el2 157 2410
1,12 1,30 1.91 2.15
AVE lel9 121 1e74 2el2
1974 CHEVROLET IMPALA 158 2.04 187 2«05
1.16 170 2¢ 30 1.48
AV 137 1.87 2.08 176
1977 FORD LTD V495 0,36 1,09 4 ,92
0.40 034 O.71 4 044

0«34 . ° .
AVE 0e40 035 Oe 90 4 .68
1977 PLYMOUTH FURY 495 Oe61 033 0«37 1 665
0«68 0655 0e26 148
AVI 0,69 0.44 0,31 1.56
1977 PLYMOUTH FURY CALIF OO0 Oel2 008 0646
Oell OelO Oe22 0 «82
AVE 0.10 Oe11 0.15 0«64
1978 CHEVROLLT ST wW-CALIF 0639 0«30 0.16 1.03
Q.49 0,33 OeZ21 0.19
AVE 0.44 032 0.18 0,63

The 1977 Ford had surprisingly high emissions at 110°F (43°C).
While the catalyst cars had generally lower hydrocarbon emissions, only
the 1977 (California) Plymouth emissions approach the low levels achieved
with the HFET or the SET procedures.

The FSC has been considered as a quick test to replace the FTP for
inspection stations. Comparing data for the appropriate cars at 80°F
(27°C) from Tables 19 and 22 shows that the results from FTP divided by
results from the FSC gives ratios which vary widely. This indicates
that the results from the two procedures do not agree well. The precatalyst
cars, however, were in better agreement.
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New York City Cycle - HC--

The FSC was replaced by the New York City Cycle (NYCC) procedure
during the program. This NYCC procedure was designed to evaluate the
emissions in severe stop and go driving. This procedure was run last in
the sequence after stopping the engine for three minutes and then
idling for three minutes. Data are presented in Table 23.

TABLE 23 NEW YORK CITyY CYCLE -~ HYDKRUCARRBONS G/KM
TEMPERAYURE F 20 60 a0 80AC 110 110AC
tC) (-7) (16) (27) (27) (43) (a3)
1977 HONDA C1VIC 49 STATE 2640 2637 2632 . 2.0 .
le74 2e18 2e12 . 2«86
AVE 2407 228 2022 . 283 -
1978 BUICK V&6 TURBUCHAKGE 081 097 103 ls 14 14 .25 20.98
0,89 1.88 0.77 3.30 4421 3«32
AVE GCeBS 143 0490 2022 G423 12,15
1978 fT'ORD PINTU CAL 3 waAY 1002 0e73 106 1.02 346 2623
1495 1.00 0459 O0e72 2425 7 e26
AVE 1.48 087 082 0.87 286 4.75
16768 vW RABRIT CAL FU-INJ 0+34 0.28 Oeld9 . 1 eR2 .
040 0,42 0,445 . 1,96 -
AVE 0017 035 0«47 - 1.89
1979 DONDGE ASPEN CALIF, 1420 Oe8l Ce79 O0e80 119 le26
101 0499 0679 0.8% 1.01 0.82
AVE 110 0490 Oe79 QeR2 110 1.04
1980 MERCURY PRUTOTYPE 0,79 0,37 0.61 0.43 Oeb} 049
114 0637 Oett> 043 005_7 0,48
AVE [o 7 15Y 0637 0.53 0.43 059 Q.48
1980 BUICK REGAL PROTOTYP 0439 0s415 020 O0s19 0.22 lelO
023 Oel15 0.12 0e19 0«40 0.86
AVE 0«31 015 Oel0 019 031 0.98
DATSUN PROTOTYPE 036 Oed4 0,39 . 1 K7 .
0e53 0«40 Ge36 - 1e19 -
AVE Oetd 0042 0c37 - 1e53

This procedure gave emissions that were quite high in hydrocarbons.
The Honda, the only noncatalyst car tested, generally gave hydrocarbon
emissions that were several times higher than those observed using other
test procedures.

Test temperature had little effect on the HC emissions from the
Honda. The 1978 Buick turbocharged vehicle had surprisingly high emissions
at 110°F (43°C) along with poor repeatability. The high emissions may
be in part attributed to driveability problems. Only the 1979 Dodge,
the 1980 Mercury prototype, and the 1980 Buick prototype showed temperature
effects and they were small. Both Buicks and the Pinto hydrocarbon
?missions increased when their air conditioner was operating at 110°F

43°C).
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Federal 3 Mode - HC--

The next six tables present the hydrocarbon emission data obtained
from the Federal 3 mode (F3M) procedure. These tests were conducted
following the FSC tests. These tables compare the raw exhaust gas
analyses obtained using a laboratory-type instrument equipped with a
flame ionization detector with those obtained using a garage-type
nondispersive IR instrument. While single values are reported for each

test, the readings were not steady and a rough average estimate was used
to establish a reading.

80 km/h (50 mph) loaded steady-state - hydrocarbons--Table 24
presents the results of tests conducted at 80 km/h (50 mph) and at a
specified load. Each car at each speed had its own specified load. For
the first three cars, the laboratory-type instrument (Beckman) gave
higher readings than the garage-type (Stewart Warner) instrument. For
the last three cars, the reverse was generally true.

TABLE 24 80 KM/H (50 MPH), LOADED, STEADY STATE - HYDROCARBONS PPMCH

TEMPERATURE F 0 ' 40 80 110

(c) (-18) (4) (27) (43)
INS TRUME NT ] Sw B SW 2) SW 8 SW

1972 CHLVROLET IMPALA 14 35 127 35 205 93 298 90
100 23 12% 52 170 S0 276 65

AVE 57 29 126 44 1R8 72 287 78

1974 CHEVROLETY IMPALA 46 30 : 197 28 135 52 107 42
41 36 38 30 42 34 66 48

AVE | 4a 33 118 29 89 43 87 45

1977 FORD LTD - 57 31 3s 40 212 89 312 112
14 26 66 40 35 80 49 120

81 20 . . ] . L4 L4

AVE 50 26 52 40 124 85 181 116

1977 PLYMOUTH FUKY 49S 9 23 7 15 ) 20 47 50
10 20 < 15 8 22 1S 22

AVE 10 22 8 15 8 21 31 36

1977 PLYMOUTH FURY CALIF 2 30 3 20 3 22 8 18
3 29 2 19 9 20 265 100

AVE 3 30 3 20 6 21 137 59

197t CHEVROLLT ST W—CALIF 9 21 9 23 7 20 9 22
9 21 14 23 4 14 34 20

AVE 9 21 12 23 6 17 22 21

A = BECKMAN SwW = STEWART WARNER
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48 km/h (30 mph) loaded steady-state - hydrocarbons--Table 25
presents the hydrocarbon emissions from the cars which were run at
48 km/h (30 mph) and at a specified load. Some very large differences
in hydrocarbon concentrations were observed with the 1974 Chevrolet.
There was no evident reason for the poor repeatability observed here.

--TABLE 25 48 KM/H (30 MPH), LOADED, STEADY STATE - HYDROCARBONS PPMC6

TEMPERATURE F 0 40 80 110
(c) (-18) (4) (27) (43)

1NS TRUME NY ) Sw 8 Sw A sw 8 Sw

1972 CHEVROLETY [IMPALA 19 43 273 75 393 170 404 150
126 32 241 78 260 100 333 100

AVE 72 38 257 77 326 135 369 125

1974 CHEVROLET IMPALA 49 31 117 42 2370 1200 104 48
52 3% 64 40 335 190 73 49

AVE 51 33 91 41 1353 695 89 49

1977 FORD LYD 14 10 14 10 14 20 316 121
2 11 11 20 2 12 59 150

12 10 ) . . . . . o

AVE 9 10 13 15 8 16 188 136

1977 PLYMOUTH FURY 49S 14 23 10 18 33 35 216 200
17 22 16 19 34 25 55 45’

AVE 16 23 13 19 34 30 136 123

1977 PLYMOUTH FURY CALIF 8 28 10 24 7 23 9 18
10 22 2} 20 15 21 ' 20

AVE 9 2% o 22 11 22 8 19

1978 CHEVROLETY ST W-CALIF o 18 5 19 5 15 8 20
: 7 16 7 18 4 13 38 18

AVE 7 18 6 19 S 14 23 19

8 = BECKMAN SwW = STEWART WARNER

2500 rpm no load steady state - hydrocarbons--Table 26 presents
the hydrocarbon concentrations found when the vehicles were operated at
2500 rpm with no load. Again, it is difficult to explain the differences
between instruments which in some cases vary by a factor of six.
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TABLE 26

2500 RPM, NO’LOAD, STEADY STATE - [TYDROCARBONS PPMC6

TEMPERATURE F

0 40 80 110
(c) (-18) (4) (27) (43)
INSTRUME NT A Sw 8 X7 8 W A SW
1972 CHEVROLET IMPALA 13 15 261 a0 462 70 243 52
55 13 190 40 282 60 304 50
AVE 34 14 226 40 ar2 65 274 51
1974 CHEVROLET IMPALA 33 38 43 3s 73 50 39 28
40 2a 51 35 47 42 35 32
AVE 37 33 a7 3s 60 46 37 30
1977 FORD LYO 100 70 21 $0 30 34 365 130
9 60 34 35 4 20 63 120
35 22 P . Py . . PS
AVE a8 51 26 43 17 27 214 125
1977 PLYMOUTH FURY 49S 50 a5 17 22 20. 20 260 250
74 60 11 25 12 22 32 2s
AVE 62 53 14 24 16 21 146 138
1977 PLYMOUTH FURY CALIF 52 5% 61 60 37 as 12 15
62 60 67 75 26 25 16 20
AVE 57 S8 64 68 32 3s 14 18
1976 CHEVROLET ST W—CALIF 67 62 3N 50 12 20 13 20
68 65 52 60 11 21 a7 20
AVE 68 64 42 5% 12 21 30 20
B BECKMAN STEWART WARNER

Idle in drive steady state -

id1ing and the automatic transmissions in drive. d an
1977 California Plymouth, in this case, had low hydrocarbon emissions

while the 1977 49-State Plymouth exhibited sign

emissions.
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hydrocarbons--Table 27 shows the
hydrocarbon concentrations from measurements made with the engines
The 1977 Ford and the

ificantly higher hydrocarbon



 TABLE 27 IDLE, IN DRIVE, STEADY STATE - HYDROCARBONS PPMC6

110

TEMPERATURE F 80
(c) (-18) (4) (27) (43)
INSTRUME NT 13} W B TW B W 3]
1972 CHLVROLEY IMPALA 30 80 267 100 305 130 292 100
203 74 241 95 247 90 466 150
AVE 117 7?7 254 9B 276 110 379 125
1974 CHLVROLFT IMPALA 128 a2 228 75 2726 1400 183 78
161 59 159 8o 619 400 171 80
AVE  14% S6 199 7e 1673 900 177 79
1977 FURD LIL A 11 10 11 6 30 - 56 S0
1 10 67 19 2 11 7 22
8 9 L ) * * e (-] *
AVE 6 10 39 15 4 21 32 36
1977 PLYMOUTH FUKY 49S 291 170 16 20 326 145 1059 850
254 145 21 18 68 35 215 140
AVE 273 158 20 19 197 90 637 495
1977 PLYMOUTH FURY CALIF 7 22 7 2 9 20 10 15
7 20 e 15 10 18 13 18
AVE 7 21 a 9 10 19 12 17
1976 CHEVROLET ST w—CALIF 7 17 7 17 5 11 3 15
7 14 e 18 4 11 19 i6
AVE 7 18 8 18 5 11 11 16
4 = BECKMAN SW = STEWART WARNER

Beckman.

Readings were erratic and at high concentrations the Stewart
Warner instrument indicates lower hydrocarbon concentrations than the

Idle in neutral steady state -

At low concentrations, the reverse was true.

hydrocarbons--Table 28 presents the

hydrocarbon concentrations in idle in neutral taken before the 2500 rpm,

no load condition.

2500 rpm condition.
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Table 29 gives the same data when measured after the



TABLE 28 IDLE IN NEUTRAL STEADY STATE* - HYDROCARBON PPMC6

TEMPERATURE F [¢] 40 80 110
(c) (-18) (4) (27) E_iﬁél__
INSTRUMENT B - twWw B SW B SW Sw
1972 CHEVROLLT IMPALA 72 250 310 £0 355 100 374 120
124 32 221 70 470 80 341 100
AVE 98 141 266 75 413 90 358 110
1974 CHEVROLET IMPALA 124 100 369 180 100 100 80 42
94 100 371 230 727 410 76 82
AVE 109 100 370 205 ‘al14 255 78 62
1977 FORD LTD .36 25 29 25 19 22 133 90
4 15 45 32 5 22?2 23 42
G4 2% . ° " . - -
AVE 8 2e 37 29 12 22 78 66
1977 PLYMOUTH - FURY 49S 26 30 19 20 463 140 505 400
. 24 25 19 19 168 80 218 100
AVE 25 2n 19 20 316 110 362 250
1977 PLYMOUTH FURY CALIF 6 22 s 20 7 23 10 14
9 21 17 21 9 21 15 20
AVE 8 22 11 21 8 22 13 17
1978 CHEVROLET ST W—CALIF 24 28 20 kB! 15 20 9 20
20 28 30 30 10 18 105 2s
AVE 22 28 24 31 13 19 57 23
B = BECKMAN SW = STEWART WARNER
*BEFORE 2500 RPM CONDITION
TABLE 29 IDLE IN NEUTRAL STEADY STATE* - HYDROCARBON PPMC6 R
TEMPERATWRE F 0 40 80 110
(c) _(-18) (4) (27) ~(43)
INSTRUMENT 8 oW B TW [}
1972 CHEVRULET IMPALA 541 1750 310 90 437 130 430 90
125 36 264 70 338 100 366 120
AVE 333 893 287 a0 388 115 ) 398 105
1974 CHEVROLET IMPALA 74 52 412 210 92 70 114 50
119 S0 288 200 796 230 228 a2
AVD 97 51 350 205 434 150 171 66
1977 FORD LTD 34 21 10 28 22 30 365 79
S 20 25 2b 49 20 46 40
IO 12 L 3 L] L] L ] o [
AVE 16 16 18 28 13 25 206 60
1977 PLYMUTH FURY 49S 32 32 22 20 304 110 305 225
29 27 22 28 121 35 61 40
AVE 31 30 22 24 213 73 183 133
1977 PLYMOUTH FURY CALIF 6 22 6 22 14 30 11 15
15 25 10 29 20 32 14 20
AVE 11 24 6 26 17 31 13 18
1978 CHEVROLLT ST W—CALIF 29 32 34 a9 21 19 13 22
8 20 36 35 21 29 162 40
AVE 19 26 35 42 21 24 a7 31

H = BECKMAN SW = STEWART WARNER
*AFTER 2500 RPM CONDITION



Carbon Monoxide (CO)

phases of the Federal test procedure plotted against test temperatures.

Figure 6 shows the average CO emissions, by car, for all three

Figure 7 presents similar plots of average CO emissions for the composite
FTP as well as those for the HFET, the SET and either the NYCC or the

FSC

tests.

Federal Test Procedure-Cold Transient-CO--

As shown in Table 30 and Figure 6, this phase of the FTP gave high

The non-air conditioned car results have been connected by
lines; the air-conditioned car data points stand alone.

A semilogarithmic
scale was used in these figures to compress the data because carbon
monoxide showed a wide variation in emissions depending on the temperature
and emission control system employed by the various cars.

VAtst.L 30 F 1T P (ULIY TRANSIENT ~ CAMHON MONOXIOE G/KM
TEMFERKATURE F (4] 20 40 60 70 1] B0AC 90 Q0AC 110 110AC
{CrE-1v) (-7) a) (56 29 Pn 27y (32 32) (a3) {(a3)
1972 CHFVRNILEY TMPALA 184 ¢ B %1202 o83 40 .90 8} 0} 3090 4570 35.17 A42a41 38.00 46.72
163417 14890 137463 52«60 45293 43a74 51622 39.07 43.83 46.36 5190
AVE 183eRH 119,906 106.73 5078 43.67 3%9.85 aB.480 ar.12 43e12 42018 49031
1974 CHI VROLET TMPALA 2iBelz  MUTL1S 4%.07 40.88 3208 3736 - 23.48 - 28470 -
1Lb.04 15027 128419 43417 A3ebi 26409 - 26e22 - 27.34 .
. - - 47 .48 . - - . . . -
AVE 172,006 jubal?0 AGe93 44007 I7.83 3172 - 24.8> . 28,02 .
1977 HONDA CEIVIC 49 STAYE LAY 1677 2605 23«83 2085 1768 . 16123 - 1117 -
93.50 76402 779 2570 19.80 19,14 . 15.00 . 10.98 -
AVE Ghels 76.40 H2a27 24070 20430 1851 . 15.57 - 1107 -
1977 FURL LTD 49 STATE ©9.31 1164006 S1.04 At 59 aT.72 V.04 95.05 44.106 63.63 5760 b4.T70
T6e 74 H9s70 o778 A8 49 46+93 48,38 4lels 3690 54.70 5139 69 .08
92«98 - - . . . - - . . .
AVE WO 33 B7.91 D478 4,04 47.43 43,99 48009 4005 59020 54 049 60292
1w 77 PLYMOUTH FUNY 49%  t1eb .0 Y737 59 et.d - 35,94 23402 - 1519 . 1250 .
148728 110299 112028 4beTv 46601 29417 . 18.13 - 18.49 .
. . . LI R $2.95 . . - . . .
AVF  Jala77 104068 no.90 406,07 EY LR 26449 - 16606 . 14,02 .
1978 BULCK V& TURBOCHARGE . 10079 16447 atsabn 44 404 3603 42237 3074 3132 20029 39.07
13737 94 008 8078 aheha LI RN L) 34455 40,013 25.00 3905 45.07 3l e00
143,74 . . . - . - . . - .
AVF 1400 GTebsh T8at:2 4T3 424490 3540 4lel9  27.90 3D.49 32.68 45,62
1977 PLYMUUIH FURY CALIF 079 Q1 a7 28 . 06 1821 a7 1070 22.09 15.47 2647 21.60 30.86
Y04 4254 29.22 16422 20.30 13.61 16.42 16,06 34.98 28.7> 52«45
. . . . . - . ] . e G2 A9
AV (28 Y 42430 28.04 1721 16.02 1215 19.26 16400 30.72 2%.21 48.60
1978 CHE VROLEY SV w-=CALIF 44450 3711 27.27 17518 12.87 LY L 10.90 7433 Te34 Q.66 25410
48 .08 3238 2787 14,10 12.27 7.70 1t.00 4491 Q.49 - FY-1) 16.18
AVE Abeh2 JaaTA 2797 1980 12457 8e58 1095 bet2 8.42 9.04 2064
1978 FUND PINTO CAL 3 WAY 96 .01 76204 20495 19006 17424 12483 14092 4,60 4ea8 Se 04 4.97
108414 78429 67.09 19.106 14,08 8.79 8.28 3a.060 4.30 6«92 2458
110.49 . . - . . . . 24063 . . 10.03
AVE 104 .88 r7«17 44002 19«41} 15.060 1081 1).060 3063 4.39 6.28 3.806
1978 vw RANBLIT (AL FU-INJ 83.54 41619 25400 1736 16.71 15.408 . 15,50 . 22.087 0
A3e33 13.02 23.12 19.168 18.5% 15654 - 19.10 - 27.40 -
AvVe LERLE) 3710 24 009 18e27 1703 1%a51 - 1734 . 259013 .
197v DOUGE ASPEN CALIF,. 112.40 602 464,00 17.1% 10.70 Q.03 10.00 9.08 750 12,93 21413
102,92 27«30 TOL27% IR.3H 1.7 14,08 18.57 11487 18.806 12.08 20 .69
AVE  107.60 14031 8.4 V777 16.23 11s60 14,28 10.40 1108 1251 20491
1960 MEKHCURY PROTUTYPE . 120.069 6T7.70 1He I 6.17 be 70 7.02 Te92 8.74 X33 T80
. 117420 . - Qs be20 . L} . Te27 8.98
AVE . 11890 eT. 70 1La7Y T o068 Devh T.02 Te92 B8e.74 7.93 824
1980 BUICK REGAL PROTOfYE . 63038 20,04 18.21 13,94 10.20 Q.07 12.03 14,12 Q04 11067
- ©0.98 . . the0O/ 039 . . . 8.05 12 .69
AVE - aTebo 5009 14.2) 12 o2 Q.79 9.07 12.04 14212 B.94 12.18
DAISUN  PRUTOTYPE 40,39 2%e37 2048 [LTY K] 10.05 Tewa . Se20 . 4,26 .
47 AL 20.0% . 11.08 T BeUb . Beb7? . LXS-1) -
. . 19.14 - - . . - . - .
AVE 3B .92 2971 1981 13a50 B.H88 Tov9 - S.40 . 4.5 .
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Figure 6. Effect of ambient temperature on carbon monoxide emissions for the three phases of the FTP.
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Figure 7. Effect of ambient temperature on carbon monoxide emissions for the different test cycles.
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Figure 7. (continued)



CO concentrations at 0 and 20°F (-18 and -7°C) for all of the cars. The
1980 prototype Mercury gave over 100 g/km of CO at 20°F (-4°C) despite
an advanced catalyst system. CO was the highest for the two Chevrolet
noncatalyst cars. The Honda, which was lower at 0 and 20°F (-18 and
-7°C) than several of the catalyst cars, was also quite low at 110°F
(43°C). The use of air conditioning usually increased CO, primarily as
the result of increased load. The VW Rabbit showed the least change in
CO emissions with ambient temperature. Overall, the Datsun prototype -
gave the Towest CO emissions for this cold transient phase of the FTP.

Federal Test Procedure-Stabilized Phase-CO--

This phase of the FTP (Table 31) gave some very low CO emissions.

TABLE 31 F 1 P STABILIZED ~ CAHBON MONOXIDE G/KM
TEMPERATURE F 0 20 a0 60 70 4o B8OAC 90 90AC 110 110AC
(C)(-1u) (-7) (a) (16) (21) (27) 27 (32) (32) (a3) (43)
1972 CHEVROLET IMPALA 30,89 25423 2291 2683 26499 26412  29.95 29.71 40,46 43,97  064.95
38402 28.03 38499 28.97 26469 28.35  31e21 29423 40.31  6l1.21  H2.90
AVE 36446 26463 28495 25:90 2680 27423  30.58 29.47 40a38  52.59 73.96
1974 CHEVROLET IMPALA 953 8422 7¢65 6469 765 10461 - .7+66 - 20.17 .
10424 8.22 7.90 B8e15 9.9n 15.31 . 12.06 « 14 ¢29 .
. . . 7.94 . . . . . P -
AVE .88 B.22 7.77 7.59 8481 1296 . 9.86 . 17.23 .
1977 HONDA CIVIC 49 STATE  2a.a6 16425 3.27 332 3.12 3e16 . 3.09 . 3.21 .
28465  21.53 3.46 3.5F 3.53 3.19 . 3.22 . 3.47 .
AVE 26675 1889 3e36 3cas 3¢32 3017 « 3c16 . 3.34 .
1977 FORD LTD 49 STATE 29.36 14,68  11.37  14e38  15.53 1552 2668  18.05 45,71 4047 - 75.02
26483 17436 14463 12421 20406 18430 ' 29.8B8 15,54 38,78  33.65 £2.67
23.42 . . . . . . . . . .
AVE  26e20 16402 13.00 13.28 1779  16eH1  28.28 16.79 40.24 37,06 78.85
1977 PLYMOUTH FURY 495  39.61 8e22 2e56 21 5.47 167 . 2.47 . 17.47 .
11.06  10.50 4.60 4.20 g.58 1.61 . 3407 . 12¢2% .
. N . 2.86 1.19 . . . . . .
CAVE 25433 9,306 3a58 3e19 5407 1.64 . 2.77 . 18.86 .
19768 BUICK V6 TURBOCHARGE 1e31 0.a0 1.07 1.18 1.56 2413 1.33 1.81 4,22 20.08  29.77
0.a7 0.87 1.75 red2 1.49 1.74 2453 2458 4,16 13.49  22.25
0.41 . e - N . . ° . . .
ave 0.73 0.63 1.41 1.25 .22 1.93 1.93 2.19 4,19  16.77 2601
1977 PLYMOUTH FURY CALIF 0.36 0.60 0.21 0450 0.25 2.01 1.43 1.01 6407 2.54 6.82
1.1% 0.25 0.20 0.90 1.05 1av2 2471 1e81 4.99 4,30 30.76
. . - . . . . . . . 22.74
ave 0076 0.46 0.20 0.70 0.65 1e62 2.07 1.81 5453 3.4z 2011
1976 CHEVROLET ST w~CALIF 0.20 0.20 0.42 0el% 0419 0el9 0449 029 2e24 2¢49 18075
0.61 0.19 0.33 0017 0.2 0.18 .0e25 0.12 1.0t 0.92 9.96
AVE - 0.44 0.19 0.37 0.16 0.22 0.19 0,37 0.21 1.63 1.71 14.36
1978 FORD PINTO CAL 3 WAY 282 1.66 0.19 0.58 0.63 1.14 1.10 0.96 0.94 0470 2.36
2675  17.26 1075 0.90 0435 Oezo 0e22 0.46 0.43 1.39 1.16
22471 R . . . . . 0e30 . . z.82
AVE  17.82 94406 5447 0.74 0.49 0.70 0.066 0.60 0.68 1.02 2e12
1976 VW RABUIT CAL FU=INJ  11.44 2.73 2.78 3.03 3.51 5490 . 6409 . 12.02 .
31453 1.87 1.068 3e61 a.24 Sed1 . 9.34 - 12.32 .
AVC  21.48 2430 2421 3.32 3.47 Sebb . 7.71 . 12,17 .
1979 DODGE ASPEN CALIF 1e37 1094 0497 0.97 1.02 0.87 0.95 1.31 1.06 0.97 3.a1
137 0.57 0.79 1.14 1.08 1.20 091 0497 1609 1489 2483
AVE 1.37 1.25 0.886 1.05 1.05 1.03 0493 1014 1.08 1.41 312
1980 MERCURY PROTOTYPE . 2.07 1.33 0.47 0.59 0.42 0eB7 0.72 1e13 0.71 1.09
. - 1.66 . . 0.57 1.13 . . . .47 0.55
AVE . 1.86 1.33 0.47 0.58 0.77 0.87 0.72 1433 0.59 0.82
1980 BUICK REGAL PROTOVYP . 095 0.7 080 OeBS Oe87 1625 Oeas 0e76 1e36 3.90
. 1.00 . . 0.68 1.38 . . $ 1.206 3.83
AVE . 0,99 0.57 0.80 0.77 1.12 1.25 0.44 0.76 1.31 3.86
DATSUN PROTOTYPE 0459 0.78 0.81 1.96 1.69 1.066 . 2.04 . 4.10 .
0.39 0.48 0.67 1.65 1.08 218 . 2.42 . 4.00 .
. . 0e82 . . . . . . . -
AVE 0.49 0.63 0.77 1.81 1.38 . 1.89 « 2423 . 4405 .
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Note that the 1978 (49 state) turbocharged Buick, the 1977 (California)
Plymouth, the 1978 (California) Chevrolet, the 1979 (California) Dodge,
the 1980 Mercury (prototype), the 1980 Buick (prototype) and the Datsun
(prototype) all had CO emission of less than 2 g/km from 0 to 80°F (-18

to 27°C{. However, rich operation as indicated by the high CO levels at
the higher temperatures was evident in all cars, some more than others.

At 110°F (43°C) the use of air conditioning often resulted in CO emissions
that more than doubled. '

The 1977 Ford may have had a catalyst problem or an air-fuel ratio
problem. This is suggested by the high CO emission produced at all
temperatures. Hydrocarbon emissions, Table 17, were not excessive for
this car.

Federal Test Procedure-Hot Transient-CO--

Data in Table 32 show that the 10-minute soak and the startup still
had an impact at reduced temperatures. Again, higher temperatures and
particularly the use of air conditioners increased CO emissions. The
1977 Ford continued to have high CO emissions, as great as or greater
than the 1974 Chevrolet without a catalyst. The 1978 Chevrolet had the
lowest CO emissions at all temperatures other than 110°F (43°C) where
several cars appeared to perform better. The 1980 Mercury (prototype)
had the lowest CO emissions at 110°F (43°C), particularly with the air
conditioners in operation.
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VABLL 32 F T P 1OT VANSEIENT - CAHHON MUNOXTDE G/KM

TEMPERATURE F [+] v a0 60 70 80 BOAC Q0 90AC 110 110AC
tCre-1) =7 ta) tin) 121) {e?) 2n {32) 1321 (a3} a3y
1972 CHEVROLLYT IMPALA P9l 2239 1838 ?8ae30 22.13 2842 2T 9% 26482 31.98 40.02 2,62

26450 2037 2322 2099 2220 20640 33¢07 27407 3855 S84 .70 74.71
AVE 26eh% 22038 2050 L2ebty 2230 25«40 ID.b3 27.98 3%5.27 47 3% 63.00

1974 Ci VRULLT [IMPALA £2a57 18254 14,77 1809 1GeAl 23097 - 25,28 - 52.77 .
1944 1630 14,23 13.87 1703 Z23.0%9 . 23411 - 4152 .
- - . 1%.7h . - - - - . -
AVL 21.01 12042 184 50 laslr 17e1% 23e%3 - ?24.19 - 47.15 .
1977 HUNDA CEIVIC 49 STATC 1359 15.09 Te2l T o388 He34 10.1% . Q9,31 . Qe3? .
taalo Q.20 8,70 Dasly 8.38 7.9t . be.ta - Yels .
AVE 13400 10.47 T 9 BesH Ho 30 D04 . 8.87 . 9.2% -
1977 FOND LID 49 STATL 2380 18,73 tTeal 21140 24l 2973 39.21 30,00 60.69 6 .92 20.04
- 19 L 19460 20,00 [ RS 28.77 3342 I7 35 27.%8 4%.40 59a.106 8358

2302 . . - . . . - . - .
AVE 24409 1919 1870 20s00 2679 38 DY 18.78 28,79 53.04 58.04 B6.01

1977 PLYMUOUTH FUKY 49% 13e70 B.42 4,02 Sed? 10.7) 9.08 . .84 - 26.98 -
) 7eb3 10.39 Bend Hal)2 Q918 Be12 - Q.70 - 23.98 -
- . . Tatrh R4 ] - - . - . .
AVE 10048 Yea1 beba VTald2 Ba4n7 8.0 . V.27 . 29 .08 .
1978 HUTC(K Vb TUNHUCHARGE 4o0lx Gal2 4 .94 He?20 BetD Saolts 6et,? TaT% 14,9 dLo37 6570
12027 4,00 [.XY-Y3 7433 letbs 12439 Ba.0E B.64 14.76 22 .07 39.03
1539 - - - - - - - . . .
AVEL 1079 Y19 Sel8 627 7.12 Ba29 Te02 B.22 14.87 34.52 52.40
1977 CLYMUUTH FURY CALLF 323 oAt 1e5h a4 He B Belts 8.97 10449 1945 213 31.006
411 149 Fe92 6400 To25 Beld 1131 Qel? 1853 26.8% 49.47
- - - - - - . . - - %42
AVE 3a07 .48 173 5.17 XX T3 8.15 10.14 Q.7 1899 24130 45.32
1978 CHLVROLETY ST W—CALIF 1.07 O.88 092 OtV te2b 097 Zebb 2412 .10 8.31 Z21e41
094 1 b2 119 082 091 098 1.35 1,30 2.2% 8.51 28.08
AVE 1 «00 1425 1«06 0.81 110 098 2403 174 el 7?7 8413 26.74
1976 FORD PINTO CAL 3 WAY - 1 048 O.81 0,04 1.H8 2+.04 EXRY L X1~} 3.482 212 301 5029
- dela Te82 6.08 2.04 1 .49 1.77 209 129 1«58 490 2.80
. 077 - . - - . . 079 - - [. X3 '3
AVE 209 4.31 3.3 194 1. 77 2.87 3.32 1.83 185 3.99 473
1978 vw HARBIT CAL FU-INJ Ha M2 6a11 baa0 Gall 10143 1301 - 13.22 . 28.20 -
De2H Sel6 Se7t bels 1097 1240% . 16425 - 30065 .
AVL 8.0 Sel3 &e.08 Tadh 10.90 12.80 - 164,73 - 2943
1979 DODGE ASPEN CALIF. .44 2el2 2,59 .04 1«80 3.0 Sa25 4010 4.63 10.41 15,923
LY. 24 Jas3 3.8 1.44 4 .08 450 Qa7 .08 Ge90 11.206 13.30
AVLE 2ets7 1.73 2490 1ala 297 340 4.91 4,89 5.80 10.83 14042
1980 MERCURY PROTOTYPE . Aed7 Q4a2b 227 222 I 9% 2.30 2450 2060 2.28 2.82
. 3.34 - - 279 Jeli - - - 2453 Jead
AVE - 3.7 4.2% FEY &4 250 3.77 240 2450 260 241 3.04
1980 HUICK REGAL PRUTOTYP . 6009 S.40 4430 44448 2e4% Set2 2017 2.78 .96 Tel4
B T7.07 . - 3.92 3 0% - . . 3.93 13.72
AVl - LYL-1i) 3s.a0 4, 10 4.8 277 3a.02 217 2e7R 4.94 10.73
DATSUN  PROYOTYVE lebt 1e12 o663 2021 17 2e0% - 3020 - baf
1e08 1«40 112 2420 1 o0 2.0 - 2480 - be20
- - 1.29 . . . . . . - -
AVE 172 1206 1e3a 2.2) 1.74 240 - 3.02 - Geda -
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Federal Test Procedure-Composite-CO--

shown in Table 15.

Again the composite results are the basis for the standards previously

emission standards at temperatures of 70 and 80°F (21 and 27°C).

of the cars met their respective CO standard.

The results shown in Table 33 should be within the
Most

These CO data repeated

very well.
YauLs: 33 F TP LUMPLUSTTY ~ CAHBON MUNUXIOC G/KM
TEMPERATURE F [ 20 a0 60 r0 L) 80AC %0 Q0AC 110 110AC
(Cr(~18) t~r e 110} 21y [F24) [¥34) (32) 32y (43> (43)
1972 CHEVROLET TMPALA 63420  38e02 3260 30.61 28.T0 2770 32.04 30458 38,36 41,68 57,90
05e03 H1e60 5208 290.57 20043 3096 IDOB 30,67 4055 56.368 74,33
AVE  0AcA2 48eB1 4232 30.09 29,06 2933 331 30.62 IV.56 49,03 66.12
1974 CHEVROLET IMPALA 56.25 AT.TB 17443 15.90 15,06  19.7% . 15470 . 30.70 .
MALT7T  39.42  Se.38 17.21 19.01 1965 . 17.99 . 24 .40 .
. . . 18.20 . . . . . - .
AVE 5051  43.60 25490 1707 1703 19.70 . 16.04 . 27.59 .
1977 HUNDA CIVIC 49 STAFE 35,09  27.25 [ ¥ 8.63 8.7 8.00 - Taba . 6451 .
38.00 2032 20404 ub0 Bel6 TeT6 - 7405 . 6.54 .
AVE  36.55 20429  14.60 Q1D 8.16 7491 . 7.25 . 682 .
1977 FORD LID 49 STATe 40002  30.47  21e32 2197 28.65 24033  35.90 26,69 53,53 48,45  76.99
36609 3297 26.98 21«71 27495 2847  4e21  23+20 41,73 44,22  80.14
3791 . . . . . - . . . .
AVE 3B.01 31672 23415 214  26e30 26680 35,06 24,94 4T7.63 46434  T8.57
1977 PLYMOUTH FURY 465  SAln1 26.81 14.89 Te36 1272 8419 . 680 - 1908 °
36439  31.54  26.01 1401 16+49 9406 . T.99 - 16410 .
. . . 12.91 917 . . . . . .
AVE 45,00 2917  231.50 1143  12.79 - 802 . 7.40 . 17.57 .
1978 BUICK V& TURBUCHANGE 32403 22459 1757 1197 1158 .67 1115 Qe33 12.69  27.29  41.5)
31469 20493 1926 12004  11.81 1136 1188 885 184,29 22.45% 28.73
3.9 - . - - . ‘e - . . -
AVE.  32.58 21.T6  10.43 12,00 3150 1052 1150 ©e00  13.49 24.87 35,32
1977 PLYMOUTH FURY CALIF 1516 [2¥% ] 0e2% 4490 4.00 Sea7? 7.74 6e48  13.96  11.58 18,33
J6est Fea) 6.71 04 6.0 587 7.80 6+88 14,86 15.48  40.27
. . . . . . - . - . 39.80
AvE 1bels 0sa2 6050 He30 Bedts 82 7.79 688 14240  $3.53 32.79
1978 CHe VROLET ST W-CALIF e 7.98 6.07 3.88 .10 2431 .22 2422 4.88 9.66 2077
. 1047 7.20 6.22 319 2.90 1.94 2.75 1e44 3.09 4.77 106415
AvE 10.00 7e59 6els Seba 3.00 2a12 2.99 184 3.99 8.16  18.46
1978 FUND PINTO CAL 3 WAY  21.387 16e83 et 478 o9 .08 4.83 2.38 197 2.32 3.67
37e30 2722  20.98 4.9 3.46 2.40 237 1.33 103 3.47 1488
34,99 - - - - - . Oe98 - . Sel
AVE 3125  22.03 1278 4.8% 3.92 3.2e 3.60 186 175 2489 3.57
»
1978 VW RABLIT CAL FU~INJ ' 16.7% 1154 8.34 6.78 8.17 9.9 . 9.95 . 18.57 .
27.92 9421 7.106 8.17 9.00 9.28 . 13.21 . 20439 .
AVE 2234 10.37 775 Taa? 859 9e61 - $11.58 - 19.48 .
1979 DUDGE ASPEN CALIF. 284027 1938 10460 a5y 3e21 3e12 3.97 3.606 3.34 $.97  10.29
22427 12436 1504 4.7 el .88 5455 .48 5.70 6046 9u26
AVE  23.42 15.87  13.15 467 4.66 4.00 476 4.07 4.52 6422 °.78
1980 MERCURY PROTOTYHL . 27429 1%.80 4.00 2.00 2e44 252 2.07 3.07 2.72 2.86
’ . 26403 - - 2092 2.84 . . . 2.40 3.03
AVE . 26466 15806 4.006 2454 2.064 2452 2467 3.07 2450 2.94
1V80 HUICK REGAL PROTUTYP - 1507 1152 4.50 o513 3e21 3e51 3e28 4003 415 6a51
- 12.80 . . .08 3447 . . . 3.51 8.27
AvE . 13.98 13452 4.50 410 3.3 351 3.20 403 3.83 7.39
DATSUN PROTOTYRE %01 .88 5.04 4.a3 3.4 3.0% . 3.01 . 4.07 .
L PPN .92 L AT 3.73 257 3e38 . 3420 . 478 -
- - 4a70 - - . - - . - .
AVE Beby 8,90 4.04 a.2n 3.01 3.30 - 3.10 - 483 .
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"Highway Fuel Economy Test (HFET)-CO--

The effect of running the SET before the HFET at 0°F (-18°C) but
not at 20°F (-7°C) thereby providing further engine warm-up at 0°F
(-18°C) is shown in Table 34. In most cases, emissions at O°F
(-18°C) were less than or equal to those observed at 20°F (-7°C). Again,
CO emissions were the greatest at 110°F (43°C) and higher with the air
conditioners on. The 1977 Ford had the highest CO emissions at the
higher temperatures.

The four California cars (excluding the VW) and the three prototype
cars had the Towest CO emissions, particularly at temperatures of 90°F
(32°C) and below. Some of these emissions were very low. Repeatability
in this test, where the cars were well warmed up, was wuch improved.

TAULE 34 HIGHWAY FUEL ECUNOMY TEST — CARBON MONOXIDF G/KM

TEMPEHATURE F [ 20 a0 60 70 80 B80AC 90 Q0AC 110 110AC
(Cre{-18) «—7 ey (1) 21y 27) tem t32) t32) (a3) (a3)
1972 CHEVROLET IMPALA 10+60 12453 10419 140064 17.0% 1634 17.76 16415  20.24 28.3% 25.92
14,72 1350 14.86 14.43 15.61 16.80 18.18 17.80 19.89 30.82 36.67
AVE 12471 13.01 12493 14054 16.43 16457 17.97 16498 2003 28.08  31.29
1974 CHEVROLET IMPALA SeaH 6.27 4.89 470 S.23 6e99 . " 6e38 . 15 06¥ -
5.02 6.28 ae37 Se76 7.3 5462 - 7.%56 . 11.93 -
. . . S.33 . - . - - - -
AVE S.45 628 4.63 528 6.27 6430 . 6.97 . 13.61 .
1977 HONDA CIVIC 49 SVATE 3a1t a.67 1e50 1a9% 1.93 1.98 - 1.85 - 2.78 .
393 238 lello . 1473 195 1.80 . 2.2 . 2e07 .
AVE 3.2 3.53 1e71 1.84 1.94 1.89 . 2.0% - 2467 .
1977 FURD LID 49 STAJE 18.40 9.58 be92 12430 15.80 20.57 17.006 1770  34.11 TOedZ  4B.61
TS 6400 T2 9.00 19.24 21e16 19.81 10.70 24.56 48,68 100.41
8420 - ‘- T e . . . . . . -
AVE 10.80 779 Te37 1008 15.52 20.87 16.83 14,20 29.34  59.5% 74451
1 1977 PLYMOUTH FURY 49S 1454 1.79 0493 1.20 103 1403 - 0492 . 8.23 .
1.00 127 1.30 1.20 0.80 1.01 . 1e51 . 4.01 .
. . - 1.73 0.99 . . . . . .
AVE 1.27 153 1.1 [T 0,97 1.02 . 1.21 - 4,62 -
1978 BUICK V6 TURBOCHARGE 0436 045 Ooba 0el19 0Nl 051 0e82 0.52 1e12 17.82 174068
0er0 0ea0 Oeds 083 0.33 1.00 0.92 2.07 1.2 5431 B8e.61
., 021 - - . - . . . . - -
AVE (¥ 042 0.064 051 058 0e7% 0.87 1.29 119 1157 1312
1977 PLYMOUTH FURY CALIF 0.23 0.18 0.3 0ea0 Oeas 0o 72 150 1ol 3.83 6.02 10.71
0430 0a21 0el2 [ 7% O3 0.70 0.3 2.03 156 3.28 730 13.48
. . . - . . . . . . 16.29
AVE Qe27 019 Oels 0ed7 0o Oeb7 177 186 3.5 6.69 13.40
1978 CHEVROLLY SY W—CALIF 009 Oet? Oel4 0.06 Oet1 04052 0.40 0.21 0.98 3.78 14.8)3
0.15 0e33 0,08 0.07 0.19 0.30 0.48 0.25 0.79 4.48 11.71
AVE 0.12 0.22 0eld 0.06 0.15 (YY) 0es2 0.23 0.88 LY K 13.27
1978 FORD PINTO CAL 3 WAY 0.13 0.22 0.07 0e6% 0.26 0edt 1438 0413 Oe54 083 048
030 1e82 171 0e 36 0.3 0.18 0ol 0.7 0e24 . 057 196
. Oe3a - . . . - - Oel2 - - 1022
AvE Ca19 1.02 0.89 050 019 0e2% 073 Oe14 039 0.5% 1.22
1978 VW RABBIV CAL FU-INJ [N 0e73 0e74 1.22 193 3ea2 . 5485 . 20.43 .
0.60 C0e94 0.69 180 2.70 3.358 . 9.44 . 17.93 -
AVE 0463 0.83 0.72 t1e51 2.32 3439 - Te64 - 19.18 -
1979 DOUGE ASPEN CALIEF. 0e03 0eba L PYYY Ot OCadl [T Oed2 Oea2 Oe48 1.09 2.08
* 04065 (S L] 0ead 0438 0.72 0.98 [ FY}} 040 0.69 099 072
AVE 0,68 0.81 Oo.aa 0.42 057 0469 0.4l 0.1 059 106 1440
1980 MERCURY PROTOTYPE . veb) 0.40 [T ] 0.28 0430 0.44 0.34 0.63 032 1.27
- 052 . - 058 0a5% - . - 0e21 o.38
AVE . 0e57 Oett Oe38 Oeal 0ea2 O.44 0.34 0.63 0.27 0.82
' 1980 BUICK REGAL PROTOTYP . 0.52 0.48 0.47 2.18 0461 0.84 0e53 008 3407 a.70
- 0.30 " . . 0.57 0.%8 . - . 1.48 3.867
AVE - Oe41 [ Y} Oed? 1e38 039 0e84 0eb3 0.94 2.28 a.18
DATSUN  PRUTOTYPE 0ot 0e21 oel6 0e31 0.29 034 . 0e50 . 10.93 .
0.10 0el0 0el4 0.22 0.21 0.36 . Oet2 - 24690 .
- - Oell . - Y - - . - -
AVE 0.11 Oelo Oele 027 0e2% 003 . 0.40 . (Y% 44 .
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Sulfate Emission Test-CO--

The SET test, which was run following the FTP and after a three-
minute engine idle period, showed higher CO emissions (Table 35) than
the HFET but generally lower CO emissions than the hot transient phase
of the FTP. This test is operated at higher speeds and faster accelerations
than the HFET which may in part account for higher CO emissions. Again,
the 1977 Ford had exceptionally high CO emissions and again the higher
temperatures and the operation of the air conditioner usually increased
the CO emissions.
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TABLE 35

SULFATE EMISSION TEST

-~ CARBON MONOXIDE G/KM

TEMPERATURE F 0 40 80 BOAC 110 110AC
(C) (-18) (4) (27) (27) (43) (43)
1972 CHEVROLET IMPALA 1673 14,23 2092 26014 33.93 35.83
20462 19e44 2070 25631 44 009 5651
AVE 1867 16.83 20.81 25.72 39,01 46417
1974 CHEVROLET IMPALA 12248 11.98 19.07 35,74 -
12,91 1142 1272 3139 -
AVE 1257 1170 1589 33,57 °
1977 HONDA CIVIC 49 STATE DedY 4454 $5.60 . Te23 .
1045 S5e74 Se25 . T 52 .
AVE 1002 S5el14 S5e43 . 738
1977 FORD LTDO 49 STATE 20018 1622 2975 29036 S8.14 8137 °
18,02 17,61 29.49 30.8? 58,73 116,81
1720 - . . . -
AVE 18087 16692 29 «62 30e11 5693 99,09
1977 PLYMOUTH FURY 44S 6448 3.91 3.98 . 18.00 .
3e92 Se4 4 4 .85 . 14,35 .
AVE 5.20 467 LYY ¥4 . 1617 .
1978 BUICK V6 TURBOCHARGE 1e73 1e77 2.02 Be 02 37,31 37639
0.60 156 394 559 2252 24.55
0.81 L) L] - o L4
AVF 1.04 166 298 680 29.92 30.97
1977 PLYMOUTH FURY CALIF OetdS Oe46 3.89 5432 16 .88 224 34
0,59 0.63 3.61 Te68 27+61 33.51
. . - . . 38.99
AVE 0e72 055 375 6650 22025 31.62
1978 CHEVROLETY ST W—CALIF 026 O.12 0«66 170 1032 19a44
Oe51 0e25 Oeatl 095 Teb68 21632
AVE 0+38 OCel19 0453 133 9.00 20.38
1978 FORD PINTO CAL 3 WAY 0459 O3S 1 59 3.56 1.48 1,69
100 5403 0e73 1«10 258 5629
Oe061 . - . - .
AVE 0.73 2+69 1s16 2433 203 3. 49
1978 Vw RABBIT CAL FU-INJ S5e02 Se13 Q.76 . 27 .52 .
486 539 9.03 . 27.78 °
AVE 4,94 Se26 9,29 . 27 465 N
1979 DODGE ASPEN CALIF. 0e92 0«76 0.91 130 3.46 Set2
. 094 Oe96 100 1 409 3e52 2071
AVE 0.93 0.86 0696 120 3.49 4,07
1980 MERCURY PROUTOTYPE - 1606 Oa81 1024 1.01 2488
. 1460 1,43 124 0.85 137
AVE . 166 1s12 1.24 0.93 2011
1980 BUICK REGAL PROTOTYP . 091 1el2 137 4 006 6e78
. 0e91 0499 137 281 6467
AVF . 0«91 106 137 3.24 6672
DATSUN PROTUTYPE 1.20 1012 1450 . 28.99 .
' CeB813 109 2419 . 5.03 .
1.01 099 1.84 . 17.01 -
AVE 1«01 1«07 1 e84 e 1701 -
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New York City Cycle-CO--

Table 36 summarizes the CO emissions obtained using the NYCC, a
cycle made up largely of idle conditions plus several sharp accelerations
and decelerations. Even the California cars and the prototype cars have
significant CO emissions when operated on this cycle. The Honda was the
only noncatalyst car tested using this cycle.

This cycle, run with a warmed-up engine, gave several times the CO
emissions obtained with the HFET cycle. The Honda, with its modified
combustion system and no catalyst, was e?ua1 to many of the catalyst

[+]
cars and much better than some at 110°F (43°C).
TABLE 36 NEW YORK CITY CYCLF ~ CARBON MONOXIDE G/KM

TEMPERATURE F 20 60 8O 80AC 110 110AC
(cy (-7) (16) (27) @7 (43) (43)

1977 HONDA CIVIC 49 STATE 1790 16+5% 14.57 « 28.59 o

13,84 13,83 12,80 . 23,15 .

AVE 15.87 15,19 13.68 . 25 .87 .
1978 BUICK V6 TURBOCHARGE 5¢6% 16474 18014 3710 194419 293.18
9,90 22.26 1717 40,44 117.72 133.78
AVE 7.78 19.50 17.66 3877 15599 213.48
1978 FORD PINTO CAL 3 wAY 1.85 2.94 5,66 786 32.65 30.8R1
33.76 3.02 2,78 4,09 25,71 798,27
AVE 17.81 3.00 4,22 5.78 29418 414,59

1978 VW RABEIT CAL FU-INJ 5e¢19 6.67 10612 - 55451 -

6.‘3 M 9.32 9.56 ] 50.‘6 -

AVE 5460 8.00 9.84 . 52.98 .
1979 DODGE ASPEN CALIF, 12,16 8,26 10,32 10,38 20.38 26413
10,73 14,44 9,21 12.6% 17.30 16.09
AVE 1144 11.3% 9.76 11.52 18.84 21.11
1980 MERCURY PROTOTYPE 6.13 2.78 5460 3.50 3.57 5098
6491 2.78 3.79 3450 4,42 3.78
AVE 6e52 2.78 4.70 3.50 3.99 4.88
1980 BUTICK REGAL PROTOTYP 2432 1,87 2,34 2,47 19,31 36,37
153 1.87 1.65 2.47 10.75 20466
AVE 1e92 1e87 199 2047 15403 28651

DATSWN PROTOTYPE © 1e92 3.86 4482 . 35.58 o

1.89 4.02 S5e39 . 31.20 .

AVE 1,90 3,94 S5e11 . 33.3a .
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Federal Short Cycle-C0O--

Table 37 shows the CO emissions obtained using the FSC, a cycle
designed for fast analysis of vehicle emissions. Of most interest is
its correlation with the FTP. . In general, the CO emissions obtained
with the FSC were much lower than FTP composite values at temperatures

below 110°F (43°C). At 110°F (43°C) CO emissions were very high.

TABLE 37 FEDERAL SHORT CYCLE - CARBON MONOXIDE G/KM

TEMPERATURE F 0 40 80 i10
(c) (-18) (4) (27) (43)
1972 CHHVROLET IMPALA 15.8% 11475 23 29 46 .08
1¥.54 19.05 1,97 58 .03
AV 19,19 15.40 21e10Q 52 406
1974 CHEVROLET TMPALA Se3l Het7 GeoB0 34«64
“ell 4412 6650 19,72
AV 5)021 “090 &olb 27-‘9
1977 FURD LTD HelA 3.24 29,16 CG , 5%
€olb 4,62 2126 110.5%

2.\5, L] L] L )
AVE 4e50L 3.93 25426 105.098
1977 PLYMDUTH FUNRY 49% el T 163y C 2e&T D273
1.87 2.50 159 37.80
AVE 2ed? 2.10 2e23 45 27
1977 PLYMOUTH FuURRY C(ALITF 0.ua 1.29 2,01 28,82
U.l'.') loll ‘6.“? c4 o4
AV O«u4a 1 e2% 3a 21 £6 401
1976 G- VROLET 4T w—CALIF Velt 0.10 Cely 11 .54
UI‘»)“ 0010 000/ ,03?
AVY Oel3s 0.10 Oell G et
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Federal 3 Mode-C0O--

The test conditions of the F3M were selected to find high emitters
of either CO or hydrocarbons. Only the idle tests and 2500 rpm, no load
tests do not require a dynamometer.

80 km/h (50 mph), loaded, steady state-CO--Data obtained at this
condition are shown in Table 38. Since CO is measured by the Non-Dispersive
Infrared (NDIR) principle in both the Beckman and Stewart Warner instruments,
it is not surprising that the results are generally in good agreement.

TABLE 38 80 KM/H (50 MPH), LOADED, STEADY STATE - CARBON MONOXIDE %

YEMPERATURE F 0 40 80 110
¢y _(-18) (4) (27) (43)
INSTRUMFNT B Sw 3] Sw 8 SW 8 SwW
1972 CHEVROLEY IMPALA 040 0,40 0490 0.95 1450 160 1e51 0.53
0662 0465 1.05 1.25 1«15 1.10 2.70 2.80
AVE 0.51 0.52 097 1,10 132 1.35 2410 1.66
1974 CHEVROLET IMPALA 0465 0468 0.30 D.18 2.28 2.00 1.55 t.4a5
0s81 0072 0.40 0.50 1.00 0.80 140 153
AVE 053 0.70 0.40 0.4 1.64 1.40 1.47 1.49
1977 FORD LTYD 0.77 0.55 1.00 0.52 1460 174 4.15 4,20
0.85 0482 0.A85 070 2e12 2400 3.80 1.03
0.95 0.73 0.92 0.61 1.86 1.87 3497 2461
AVE 0086 o.-’o L4 - L - - .
1977 PLYMOUTH FURY 49S 0.02 0,02 0.03 0,02 0.01 0,02 0.04 0.02
0.04 0.03 0,02 0.02 0.02 0.03 002 0001
AVE 0.03 0.02 0,03 0.02 0.02 0.02 0.03 0.01
1977 PLYMOUTH FURY CALIF 0.02 0.04 0.08 0.02 0.00 0.02° 0.10 0.08
001 0403 0.01 0402 0.05 0,03 6.05 6.30
AVE 0.01 0.03 0,04 0.02 003 0.02  3.07 3.19
1978 CHEVROLET ST W~CALIF 0402 0.02 0.01 0,02 0.01 0.04 0.01 0.02
0.0t 0.02 0.01 0.02 0.02 0.01 0.00 0.02
AVE 0,01 0.02 0.01 0.02 0.02 0.02 0.01 0.02

B = HECKMAN SwW = STEWARTY WARNER
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.48 km/h (30 mph), loaded, steady state-CO--Data obtained at this
condition are shown in Table 39. With a few exceptions, the results
obtained with the two instruments were in good agreement.

TABLE 39 48 KM/H (30 MPH), LOADED, STEANDY STATE - CARBON MONOXTNE %

TEMEERATURE F 0 a0 80 110
(c) _(-18) (4 - (27) (43)
INSTRUMENT 8 Sw 8 SW E §= 3]

‘1972 CHEVROLET [MPALA 0.45 0.50 2.45 3.00 3.80 1.00  3.15 0.8S
0.60 0.70 1457 170 2.00 2420 4.50 4.20
AVE 0.52 0460 2.01 2.15 2.90 160 3.82 2.52
1974 CHEVROLET IMPALA 0.10 0.03 0.12 0413 2.58 1.51 1.00 0.75
0.09 0.02 0.08 0.10 0.12 0.15 0.86 0.58
AVF 0.09 0.02 0.10 011 1.35 0.83 0.93 0.66
1977 FORD LYD 0.05 0.03 0e25 0403 0.08 0.09 4.08 3.60
0.02 0.03 0.02 0.03 0.02 0,03 2.78 0.34
0.02 0.03 0.13 0.03 0.05 0.06 3.43 1.97

AVE 0.03 0.073 . .« . . . R
1977 PLYMOUTH FURY 495 0.02 0.02 0.02 0.02 0.20 0.01 0.80 0.60
0.03 0.02 0.02 0.01 0.01 0.01 0.02 0.01
AVE 0.02 0.02 0.02 0.01 0.10 0.01 0.41 0.30
1977 PLYMOUTH FURY CALIF 0.01 0.02 0.08 0.01 0.00 0.02 0.06 0.07
0.01 0.03 0.01 0.03 0.02 0.02 0.10 0.05
AVE 0.01 0.02 0.04 0.02 0.01 0.02 0.08 0.06
1978 CHEVROLET ST W—CALIF 0.01 0.02 0.01 0.02 0.01 0.08 0.01 0.01
0.01 0.01 0.01 0.02 002 0.00 0.00 0401
AVE 0401 0.01 0.01 0.02 0.02 0.02 0.01 0.01

B = PBFCKMAN Sw = STEWART WARNER
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2500 rpm, no load, steady state-CO--In most cases, as shown in

Table 40, the Beckman results agreed well with those of the Stewart
Repeatability was rather poor at the higher con-

Warner instrument.

centrations.
TABLE 40 2500 RPM, NO LOAD, STEADY STATE - CARBON MONOXIDE PERCENT
TEMPERATURF F o 40 80 110
(-18 4 27
INSTRUMFNT T E_S—LTV 'H'S_‘L"ST 'g"i'l"u'gv

1972 CHEVACLET [MPALA 0.20 0.R0 3.05 3.40 6.80 0.72
0.90 0.85 2635 2423 3.50 3.30
0.55 0.82 270 2.81 Se15 2.01
1674 CHEVROLFTY [MPALA 0609 0,612 Oell 0Oel3 0.42 Q.46
010 0.05 0.06 0.12 " 0e10 0.59
0«09 0.08 0.08 0el2 0.26 0.52
1977 FORD LD 0.05 0.03 0.05 0.03 0.0t 1.60
0.02 0.07 0.02 0.03 0.01 0.53

0602 003 . . e -
0.03 0,03 003 0.03 0.02 1,06
1977 PLYMOUTH FURY 49S 0.04 0.03 0603 0402 0.01 2.00
0.03 0.02 0.02 0402 0.02 0.01
0.03 0.02 0.02 0.02 0.02 1.00
1977 PLYMOLTH FURY CALIF 0.01 0.02 0.18 0.01 0.01 0.07
0.01 0.01 0«01 0601 0.02 O.18
0.01 0,01 0.09 0.01 0.01 0.12
1678 CHEVROLET ST W—CALIF 0.02 0.02 0.01 0.02 0.01 0.02
0.01 0.02 0.01 0.02 0.02 0.01
0.01 0.02 0.01 0.02 0.02 0.01

= RECKMAN = STEWART WARNER
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Idle, in drive, steady state,-CO--Data for this condition are shown

in Table 41. Again, there is good agreement between the Beckman and

Stewart Warner results.

Except at higher concentration levels, repeatability

both before and after the 2500 rpm condition.
Tables 42 and 43.
reasonably good.

Idle, in neutral, steady state,-C0--This condition was measured

74

The results are shown in
_The agreement between the first and second tests was

was good.
TABLE 41 IDLE, IN DRIVE, STEADY STATE - CAR'BONA MONOXIDE PERCENT
TEMPERATURE F 0 a0 80 110
(c)y _(-18) (4) (27) (43)
INSTRUMENT a SW 8 Sw 8 EY 8 Sw
1672 CHEVROLET [IMPALA 0.58 0.55 4.00 3.20 2400 2.50 1.50 0.63
0.54 0.50 1.40 115 1.15 0.99 4,00 4,20
AVE 056 0.52 270 2417 1.57 1.74 2.75 2.41
1674 CHEVROLET IMPALA 0e30 0.27 0.19 0.22 3.25 2.60 036 0.50
0420 0415 0.12 0,20 0.12 0430 1.45 0,71
AVE 0625 0e21 Del6 0,21 168 1445 0«91 0460
1977 FORD LTD 0.01 0.03 0.05 0.03 . 0.03 0.03 0e.14 0.23
0.02 0.03 0.02 0.03 0.03 0.03 0«10 0.03
0.02 0.03 . . . . . . -
AVE 0.02 0.03 003 003 003 0.03 0,12 0,13
1977 PLYMOUTH FURY 49S 130 1 .30 0.02 0,02 168 170 3.05 3.00
1e«0S 1610 0602 0,01 085 0040 0«80 0.80
AVE 1417 1,20 0.02 0401 126 1.05 1.92 1.90
1977 PLYMOULTH FURY CALIF 0401 0.02 0.08 0.00 0.00 0.02 0.02 0.01
0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.00
AVE 001 0.02 0.08 0401 0.01 0,01 0.02 0.00
1978 CHEVROLET ST w=CALIF 0.01 0.02 0. 01 0.02 0.01 0.03 0.01 0.01
0«01 0.01 0.01 0,02 0.02 0.01 0.00 0.01
AVE 0.01 0.01 0.01 0.02 0.02 0,02 0.01 0.01
B = BECKMAN SW = STEWART WARNER



TABLE 42 ID—LE, IN NEUTRAL, STEADY STATE* - CARBON MONOXIDE PERCENT

TEMPFRATURE F o a0 80 110
(c) (-18) (4) (27) (43)
INSTRUMENT L 8 . Sw 5] Sw n SW
1972 CHEVRCLEY [IMFALA 0e31 0430 2480 3.40 280 3.40 151 0.55
038 0.45 1645 1460 0e¢75 087 2,90 3,20
AVE 0e34 0,17 212 2450 1e77 2,13 2.20 1.87
1S74 CHEVROLET [MPALA 0+15 0402 0.16 0,22 150 0.72 0.50 0.45
Oeld 0.03 0e12 0e415 0425 0,30 0.90 0.63
AVE 0e14 0.02 0«14 0.18 0.88 0051 0e70 0e54
1677 FORD LTD 0.05 0,03 0.01 0,03 003 0.03 0.12 0.10
0.02 04,03 002 0,073 0.01 0.03 0.10 0,03
0402 04N . o . . . .
AVFE 0403 0,03 0.01 0,03 0,02 0,03 0,11 0,06
1977 PLYMOUTH FURY 49S 0,02 0.01 0.02 0402 3.15 2.28 3.15 3.10
0403 0.01 0402 0,07 0.60 N.52 0.59 0,50
AVE 0402 0.01 0.02 0.02 1«87 1.38 1.86 1.80
1977 PLYMOUTH FURY CALIF 0,01 0.02 0.08 0.01 0.02 0402 0.02 0,01
0.01 0.01 0.01 0.02 002 0401 0.00 0.00
AVFE 0401 0401 ° 0,04 0401 0.02 0.01 0.01 0,00
1978 CHEVRCLET ST W-CALIF 0401 0,02 0401 04,02 0.01 0.03 0«01 0.02
0s01 0,02 0.01 0.0t 0.02 0,01 0.00 0,01
AVE 0401 0402 0e01 0401 002 0,02 0.01 0401

TABLE 43 IDLE, IN NEUTRAL, STEADY STATE**- CARBON MONOXIDE PERCENT

TFMPERATURE F (o] 40 80 110
(c) _(-18 (4) (27) (43)
INSTRUMENT 5 SW 2] oW b a1
1672 CHEVROLEY [MPALA 026 04730 2.70 2.80 2495 3420 100 1402
0e35 0.40 130 1410 1.65 1.80 1.45 1.80
AVE 0430 0435 200 1,95 2Q3° 2650 1e22 le41
1674 CHEVROLET [MPALA 0.12 0.22 0e16 0021 1.08 0482 110 1.05
0«13 0.14 Oe11 018 0.20 0.23 0.56 0459
AVE 0.12 0.18 0«13 0.19 0.62 0,52 0«83 0.82
1977 FORD LTO 0.05 0.03 0.0! 0.03 0.02 0403 0.50 0.03
0.02 0.03 0.02 0.03 0.01 0.03 0.02 0,03
0.02 0003 * ] * L ] L] L ]
AVE 0403 0,032 0.01 0.03 0.01 0.03 0.26 0.03
1977 PLYMOUTH FURY 49S 0.04 0.05 0402 0.02 120 110 1.15 1.20
0.03 0,02 0.02 0.02 058 0.50 0.07 0.10
AVE 0«03 0.07% 0.02 0.02 0.89 0,80 0.61 0.65
16§77 PLYMOLTH FURY CALIF 0.01 0.02 0.18 0.02 0.00 0.02 0.05 0.03
001 0402 0.01 0,02 0.02 0.02 0.01 0.02
AVE 0.01 0,07 0.09 04,02 0.01 0.02 0«03 0.02
1978 CHEVROLFT ST W=CALIF 0.01 0,02 0.01 0.02 0.01 0.02 0.01 0.02
0.01 0.02 0.01 0.02 0.02 0.02 0.00 0.01
AVE 00! 0.02 001 0,02 0.02 0,02 0.01 0.0t
" *BEFORE 2500 RPM CONDITION .
2 AFTER 25680 RPM CONDITION R = BECKMAN Sw = STEWART WARNER



Nitrogen Oxide (NOX)

Figure 8 shows the uncorrected nitrogen oxide (NOX) emissions
plotted against ambient temperatures from each of the three phases of
the FTP. Figure 9 presents similar plots of the uncorrected NOX emissions
for the composite FTP, HFET, SET and either the NYCC or the FSC tests
procedures. Figures 10 and 11 show the NOX data after applying a humidity
correction. The applicability of the current humidity correction factor
at temperatures outside those normal for the FTP is questionable.

Federal Test Procedure-Cold Transient-NOX--

Table 44 1ists the measured NOX emissions in g/km for the cold

TAHLF 44 F I B COLD TRANSTENY = NITHUGEN OXI1DES G/7XM
.YEWCHA'UNE F 4] 20 40 50 T0 60 BOAC 90 SOAC 110 110AL
{(Cre=n)y -7 {a) t1e) t2e) t27) (27 {32) 32y (43) (a3)
1972 CHEVROLETY IMPALA 1.77 1.87 2e38 2¢34 2219 2s16 2053 2400 2049 135 162
1069 214 2.78 2e4b6 1 .85 1«71 2.07 151 2.03 1.10 .41
AVE Tols 2.0% 2.8 2.41 2.02 Teva 230 1«75 2426 1e22 151
1974 CHLVROLET INPALA 1e38 143 197 130 Vo360 te10 - 0.89 - 064 -
. ) 1«68 1208 Le34 ettt 1.29 1+00 - 0806 . 0239 .
. . . 1.40 . . - . . - -
AVE 149 | LYY Le7 140 133 lelb . 0«87 . 0e52 3
1977 HMUNDA CIVIC 49 LTATE 2elH 1.8 2.79 2.27 2.27 2429 - 2.04 . 194 -
1e94 2442 leb3 2445 2449 2433 - 2.01 . 1.87 -
AVt 206 2.1% 2.21 2e.306 2035 2.29 . 2,02 . 1.90 .
1977 FURD LTD 49 SVATF 2.83 2495 3.09 161 te20 123 1e32 0ed2 070 0455 0«60
RPLEY4 270 3401 b e54 1042 lel2 1e26 052 Oe07 043 0«57
338 . . . . - . . . . -
AVL KXY ] c 282 3.05 lebh 134 1.18 128 052 06069 o9 059
1977 PLYMOUTH FUNY A9S 2e?1 3.34 2099 - le21 0.92 - G.87 - O0.76 -
3.09 287 .00 1e74 1e20 1e15 . 0.97 . 0e?75 .
» - . 1.92 1«40 - . - . . -
AVl 2.90 3.10 3474 letbs ) 029 1003 e 092 . 076 -
IVTR AUICLKE Ve TURBUCHARGE . 1.98 199 154 130 105 105 Debs? 099 0.5 Oet8b
be90 .27 1o bt letrs bedd 098 1e20 0.906 1.02 0.60  0.060
1264 - - - . - - - - . -
Avi 1.80 213 1299 158 1241 10) 117 0.88 1.01 087 [ P%-1.3
FUT7 LYMOUTH FURY CALIF Jeul? 3400 220 ey Oefi? Cat0 .49 Oeda Oed2 Qo34 Q3%
Saht Ja28 1.90 1,00 0.71 [-X%-113 0«60 039 Ownal Oeld? 0s26
. . . . . . . . - . 037
AVFE Jeht KXy iy 2.10 1ol 077 -1 [ 232 0639 .42 0.30 033
1976 CHEVROLEY &7 wW=CALIF 1 D) .04 [ LY. 0.99 Q.08 .81 117 Oe71 0.04 0.%50 007
1e7¢ Le5t 1.18 1.018 O.v2 Q.78 1209 0«08 0.9V 0.5 068
AVL 1200 108 ladl 1400 Oet89 0e?79 lell 0e70 0692 0.52 0.67
19768 FORD HINTO CAL 9 WAY Ve78 [ PY-T} 0.80 1 a0 1.20 1e106 1e34 . 0.97 045 0.64
: 0149 Q0e62 Qa7 Lad> t.30 1148 le38 0.81 0.886 0461 001
t.0) . . - . . - 079 . . 0.79
AVE [P Vevd Ool4 1e%2 Va2 teld 138 04080 Ce93 De53 [ rY-1.]
1u7+ VW RAHIT CAL FU-INJ 1ebh )29 112 0eR9 0«94 D85 . 009 . 0.48 .
tebd 1447 1.18 0w 0.92 0.70 . Oebl o 0«40 -
AVE 165 1.38 115 0.94 0.93 De70 . [ 21-3-] - 0e84 .
1979 DOLGE ASPEN CALIF . 070 0.77 V.02 Va9 Oa 84 0alss 100 0.72 0.77 Q.43 0451
0.72 ) ed9 0.79 1a41 1.09 1.07 tela 0.92 0.90 0e52 083
AVE 0.7 133 0.806 1.0 0.97 0.96 1.07 082 0«80 087 082
1980 MERCURY PROTOTYPE - 0.7 0.87 Ostss 093 Qe8I i 0«90 0e87 Os81 Ca59 (-2 2 J
. 0a80 - - 100 Ge89 - . . 0.52 0.68
AVE - 0,77 0.87 0.86 1.00 0.8% 0«90 0.87 0.81 0.5% 0«09
1980 BUICK REGAL PROUTOTYP - 1.20 1.00 1.27 1.19 105 1e32 Ce73 V.90 0«52 077
- 153 - - 1e27 105 - - . 0e306 0.83
AVC . 14l 109 Ve27? 1423 1.0 132 Oe73 0.90 Cets 0.80
DATSUN  PHOTQTYPE 1+9% 1.84 1.087 be?b 14063 1.34 - 102 . 0eb68 .
2415 2.04 . 1e72 1460 1e29 . 099 - 0.53 -
. - 1e9¢ - . . - - . . -
AVE 207 194 192 1e74 1«61 1e31 - 101 - 0e613 -
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Figure 8. Effect of ambient temperature on uncorrected nitrogen oxide emissions for the test cycles.
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Figure 10.

Effect of ambient temperature on corrected nitrogen oxide emissions for the FTP.
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transient phase of the FTP. The total range of average values obtained
by all of the cars at all of the temperatures was from 0.33 g/km for
1977 California Plymouth to 3.74 g/km for the 1977 49-State Plymouth.
NOX emissions generally decreased at constant relative humidity as the
temperature increased above 40°F (4°C). This is believed to be due, in
part, to the higher absolute humidity at the higher temperatures. In
almost every case, NOX emissions increased when the air conditioners
were on, This result was probably due to increased engine load.

Table 45 compares the average NOX emissions with the average NOX
corrected (NOXC) emissions. These results show that the correction
decreased NOX at temperatures below 70°F (21°C) and increased them at
temperatures above 80°F (27°C) indicating that the current humidity

correction should not be applied at temperatures outside the normal FTP
range. '

IABLE 45 FI0 _COLD TRANSIENT AVERAGE NOX € NOXC ~ G/KM
TEMPERATURE F ] 20 40 Y 70 80 B0AC 90 Q90AC 110 110AC
(CHi-18) «-7) (s) t16) (21) t27) (27 (32) (32) t43) (a3
1972 CHEVROLET IMPALA
NOX AVE 1.73 2.01 2.08 2.41) 2.02 1«94 2.30 1e7% 2.26 122 151
NOXC AVE 1e30 152 2.03 2.07 1806 197 20492 2.04 2.62 239 2.74
1974 CHEVROLET IMPALA
NOX AVE 149 156 1et7 140 133 1.08 . 0.87 . 0452 -
NOXC AVE 1.13 talf 1430 1.20 123 113 . 1.02 . 0.98 .
1977 HONDA CIVIC 49 STATE
NOX  AVE 2206 2,15 221 2,36 2.3% 2.29 . 2.02 . 1.90 3
NOXC AVE 155 163 174 2402 2.16 2,29 . 2.30 . 3.00 .
1977 FOHU LYD 49 STATE
NOX  AVE Je26 282 3.05 198 1434 f.18 1.28 0+82 0.69 049 059
NOXC AVF PedS 2.10 2.8 135 1.223 124 1e358 0.61 O.84 092 lel2
1977 PLYMOUTH FURY 49S
NOX  AVE 2.90 3410 3.7a 2.12 129 ‘1,03 . 0.92 . 0.70 -
NOXC AVE 2.18 2436 2498 1 .83 1.19 1.05 . 1.08 . 126 .
1978 BUICK v&6 TURBOCHARGE
NOX  AVE 1.82 2403 191 1.58 131 1.01 1.17 0.88 101 0.57 056
NOXC AvVF 136 161 1e53 1e38% 121 1.04 121 1.03 1.18 0.96 097
IOT7 PLYMOUTH FURY CALIF
NOX AVE 3.506 . 3.1 2.10 tel) Q.77 0«58 Oo®4 0«44 0.42 [ 1.} 0.33
NOXC AVE 2.09 238 1e6b7 095 Oe71 0.060 0.%6 0eb2 0.52 0+50 0.38
1978 CHEVRNLETY ST W—~CALIF
NOX AVE 1.6% 1.68 1.33 1.00 089 0«79 1e13 0.70 0.92 052 0.067
NOXC AVE 1.2% 1.28 106 0.86 Oe.n1 Q.80 119 Oem2 1.08 Ca 94 1«12
1978 FORD PINTO CAL 3 wAY .
© MOX  AVE O.RY 0.63 0,74 1.%2 12 1.1 1234 0.53 0.93 083 0.08
NOXC AVE Oeb7 Cerl [ F3-1.] lel0 115 1e17 1.8 0.062 1.07 0.94 1.09
1978 Vw WABHIY, CAL FU=INJ
NOX  AVE 146% Te30 TeldD O.98 0.9) Oe78 . 0.6 . Vead -
NOXC AVE 1624 104 0.90 O.A0 O8> 0.79 - Ce78 - 078 .
1979 DODGE ASPLN CALIF.
NOX  AVE Ce?> 1e13 02806 103 097 0.96 1.07 0.82 0.86 O.a7 0452 .
NOXC AVE 0e50 QoMb O.05 0.90 0.88 0.97 1.00 0«96 1.02 1.02 112 .
1980 MrHCURY PROTOLYPF X
NOX  AVFE . 0.?7 0.87 O.806 101 Ce. 85 O.v0 C.87 Oe81 [Lr%-2 .3 0e89 .
NOXC AVE - 0.%9 0,69 074 Q93 0.87 0.98 0.92 0906 0. 90 tel?
1980 DBUICK REGAL PROTOTYP
NOX Ave . 1e01 1.00 Je27 123 1.0% 132 0.73 0.%96 Oe.4a 0.80
NOXC AVE - 107 080 1.09 113 1.07 133 0.82 1.07 O.88 158
DATHUN PROYOTYPE ‘
NOX AVE 2.07 194 1.99 1.74 1.061 1.31 . 1. 01 . 0«63 .
NOXC AVE 1250 1.48 1.58 150 1,49 1235 y 117 . 1.08 .
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Federal Test Procedure-Stabilized-NOX--

FTP.

Table 46 gives the NOX emissions for the stabilized phase of the

The total range of average NOX

emissions was from 0.14 for the Datsun at 110°F (43°C) to 2.49 for the

1977 (49 State) Plymouth at 20°F (-7°C).

This condition, which lead to the lowest CO and hydrocarbon emissions
also produced the Towest NOX emissions.

TARLEY 46 F T P STABILIZ2FD = NIVHOGCN OXIDES G/KM
TEMECRATURE F [+] 20 40 60 70 14 BOAC 90 90AC 110 1t0AC
(Cre-1ny (-7 {a) (10 (21 127) (27 {32) (32) (a3) (a3)
1972 Cre. VROLETY TMPALA lel3 1 =58 169 Ves? 129 120 LIPS 1-3 0.94 1.506 057 085
1ty 169 | ¥4 tad3 1«17 1.09 108 0.90 144 O.406 0.84
AVE 170 1.061 1ebd 1e3% 12 Tals 1e5H) 0492 120 Oed) Oe84
1974 CHE VROLETY IMPALA 1e24 1.11 1e01 QVats7 [ rY.) ] 0. 70 - [ PY-] ] - Oea1) .
bed/ 1.07 Oew?7 [ PY. 1] N.061 0.0L7 - Oena . Oeal -
. - - Oatss . . . . - . .
AVH 12} 109 090 Oanh Qeusd 0.8 - Oedb . O.41 .
1977 HUNDA CIVIC 49 STATL 247 2«20 1 a%9% et letn 1 a0 . 1«61 . 1.80 -
F-EL 2415 1ot 2,006 1.9% tetott - 1.42 - 102 ]
AVt 241 2.42 1906 1.95 Vot 104 . 1.52 . .71 .
1977 FUROD LTU 49 STATL Qa0 Q.88 1e27 0.90 0«80 OaTs 090 0.060 0.71 V.40 0.5%
Oe33 0.90 092 096 LR ] Oa’} 0.94 0606 0.89 Oelfs 0u54
[ PRt . . - - - - - . - -
AVE O} 0.9 109 Ou4 0el9 Qa2 0e92 D63 0«80 0039 0s54
1977 PLYMOUTH FURY a9s 2033 3.42 Oe0% OebY [ PY-T) 0082 - O.84 . [ Y3 ] .
Leo 1e57 107 0.89 0.R9 0.83 - 0.65 - 0.63 -
. - . 087 0.0 - - . . - .
AVE | Y C 2e49 080 Oa27 0886 Oet82 . O.84 . 0.62 .
1978 BUICK Vb TURBUCUMHARGE 091} Debs3 0ed9 Oead O.02 Ced3 Dea3 0.26 e33R Ol Del?
"1.02 0.62 0s45 .45 0.38 0031 0ea9 Ce31 040 Ce27 0«21
0.93 . - - - - - - - - -
AVE 0.95 Q.72 Qe%2 Ne.a4 Q.40 [ P 0.406 0.29 0.39 Q.21 0.19
1977 PLYMOUTH FURY CALIF 092 0«72 009 0.67 0.5 058 059 O.48 Oe01 0.40 Oes8
Q38 Oe73 0459 Q.05 0e 65 OedA Oe?73 Oe.48 059 0037 027
. . - . - . . . - . 0.41
AVE 0490 0.73 0.064 0«00 0«00 0.506 060 O.48 0.60 0.38 039
1978 CHLVRULET ST w—CALJF 0.8 D.73 Oatots D08 0«01 Oe%2 0?79 Oed? 008 0.39 [ F%-X1
079 0700 Oed Qs Oela 057 OeTt8 0.50 0.78 [ P ¥-3 0.57
AVE Oels2 074 0e07 Oetshs 062 [ -1 OB 0.%0 073 . 0.40 0.5%
1978 FORD PINTO CAL 3 wWAY Qab? Qa0 Oet? Oe70 O™ 0ed0 Oe73 . 002 Oe26 041
0.4 Q.28 0.27 0.9 Oedd Oes2 Cabs 0e29 Oea2 O3} Oead3
. Caat - - - - . - 0.34 - . 0+%3
AVE Oens Oaa s Oes? Oatis Ced2 0.a0 0e06:8 D32 Oaa7 0.29 Cea9
1978 Vw wAHBULY CAL FU~INY 097 La0 1 0.82 0.9 0e 0 0e31 - 0a25 . 024 -
Q77 1.00 0.98 [ TN} 042 0a2% - 0.18 - 0.22 .
AVE Oeb7 101 090 Y -3 0ed9 Oe28 . Oe21 - 023 .
L9979 DOLGE ASPEN CALIF. 115 0.69 0e49 Vel4 O« 38 C. 30 0.482 0.30 040 0.23 0.2%
OeBS 1e23 1«13 Ves9 0.39 0. 36 Cedl 033 032 023 027
AVE 100 Vev0 0.80 036 [+ K Oes? O.41 0.31 0. 306 0.23 0.26
1980 MERCURY PRUTOTYPE . CeS57? 0450 V.38 0«37 0. 32 Oat3 O30 0.44 029 0«39
- 059 . . Qo34 0eld? . - . Ce24 Oea0
AVE . [-1%-1.] 050 0.3 035 0a34 Oedl 0.36 Oebd Oe26 039
1980 BUICK KREGAL PROTOTYP - 0.0 149 1221 lel2 1.04 119 0.83 0.98 0.21 0.23
- 119 . - 1«21 1.00 - - - 0«21 0.23
AVE - 0«60 139 1e21 1«16 102 119 0.83 0.98 Oe21 0.23
OATSUN  PROTOQIYPE 0493 Qen? Qa54 0450 0aa0 Ce29 . 0e27 . Oel3 .
Oel7 0.62 052 0.43 Ce40 0429 . 0.29 . Oeld .
. . 0.54 - - - - . - - .
AVE 0.065 0.60 Qabds Oea? 0«40 0029 . 0.28 - O.14 -
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NOX data.

Table 47 compares the average measured NOX and the average corrected

These results show that at 110°F (43°C) the corrected NOX is

much higher than the measured NOX while at 0°F (-18°C) corrected NOX is
appreciably lower.

YABLE 47 FYD LYIABILEZED AVERAGE NOX £ NDXC ~ G/KM
TFMPERATURE F 0 20 a0 60 70 80 B80AC 90 90AC 110 110AC
(crt-1A) (=7) (4) t16) t21) 27 (27 (32) 32y (a3) (43)
1972 CHEVROLLY IMPALA
NOX  AVE V.70 1.61 1.63 1.38 1.23 1.1% 1.1 0.92 1.50 0.51 0.84
NOXC AVE 1.28 1.22 1.28 tele 1013 Telts 1453 1.07 1.78 1.00 1.82
1974 CHFVROLET IMPALA
NOX  AVE 121 1.09 0.929 0.86 0.81 0.68 . 0.58 . 0.41 .
NOXC AVE 0.91 0.63 0.78 0.74 0.78 0.71 . 0.67 . 0.78 .
1977 HUNDA CIVIC 49 STATE
NOX  AVE 2.41 2.42 1.96 1.9 1.806 1.64 . 1e82 . 1.71 .
NOXC AVE 1.82 1eRa 1456 te67 1.71 1.63 . 1.77 . 2.69 .
1977 FORD LID 49 STATE
NOX  AVF Ce81 0.89 1.09 0.93 0.79 0.72 0.92 0.63 0.80 0.39 0eSa
NOXC AVE 0.0t 0.68 a.87 0,79 0.72 0.7 0.96 0.74 0.98 0.73 1.03
1977 PLYMOUTH FURY 495
NOX  AVE 1.9% 2,49 0.86 0.77 0.Re 0.82 . 0.84 . 0.62 .
NOXC AVE 1.a0 1enQ 009 .67 0.79 o.8e - 0.90 . 1.03 .
1978 BUICK V6 TURBOCHARGE
NOX  AVE 0.95 0.72 0e52 0.a4 0.40 0.32 0.48 0.29 0.39 0.21 0419
NOAC AVE 0.71 0.5% 0es2 0.38 0.37 0.33 (Y'Y ] 0o34 0.40 0.3 0.33
1977 PLYMOUTH FURY CALIF
NOX  AVE 0.90 0a73 0.64 0.06 0.50 0.56 0.606 0.48 0.60 0438 0.39
NOXC AVF 0.68 0.5% 051 0.87 0.5%0 0.588 0.87 0.%6 074 061 0.64
1978 CHEVROLET ST W—CALIF
NOX  AVE 0.82 0.74 0.67 0.68 0.062 0,55 0.78 0.50 0.73 0.40 0e5S
NOXC AVE 0.62 0,57 0.83 0.59 0,87 0.56 0.680 0.59 0.86 0.73 0.91
1978 FORD PINTO CAL 3 WAY :
NOX  AVE 0.53 0.44 0.37 0.83 0.82 0.s0 0.08 0.21 047 0.29 0.49
NOXC AVE 0.40 0034 0430 0.71 O.a7 0.87 0.70 0.2% 0.54 0.50 0.78
1978 vw RABRIT CAL FU-INJ
NOX  AVE 0.a87 1.01 0.90 0.6% 0.49 0.28 . 0.21 . 0.23 .
NOXC AVE 0.6% 0.76 0.70 0.56 Oeds 0.28 o.2s . 0.39 .
1979 DUDGE ASPEN CALIF.
NOX  AVE 1.00 0.96 0.80 0.36 0.39 0.37 oot 031 0.36 0.23 0.26
NOXC AVE 0.75 0.73 0.61 0.32 0.3% 0.37 0.a2 0.37 0.a2 0.50 0.56
19680 MERCURY PROTOTYPE
NOX  AVE . 0.58 0.50 0.38 0.3 0.34 0.43 0436 0.a4 0.26 0.39
NOXC AVE . 0.44 0.40 0.33 0.33 0.35 O.aa 0.38 0.52 0.43 0.67
1980 BUICK REGAL PROTOTYP
NOX AVE . 0.60 1.39 te21 1.16 1.02 1.19 0.83 0.98 0.21 0.23
NOXC AVE - 0.46 1.10 1.04 1.07 1.04 1.20 0.92 1.00 0.42 0.46
DATSUN  PROTOTYPE
NOX  AVE 0.a% 0400 0.53 0.at? 0.40 0.29 . 0.28 . 0.8 .
NOXC AVE 0.64 0.40 0.42 0.40 0.37 0.30 . 0.32 . 0.2% -

——

———
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Federal Test Procedure-Hot Transient-NOX--

Table 48 lists the NOX emissions for the hot transient phase of the
FTP. These emissions were much Tike those of the cold transient phase
with a range of average values from 0.22 g/km for the 1978 Buick at
110°F (43°C) with AC to 3.16 g/km for the 1977 Honda at 0°F (-18°C). As

before, the use-of the air conditioners generally resulted in increased
NOX emissions.,

TauLE A8 P MDY TRANGIENT -~ NITHUGEN OXIDES G/KM
TrMPERATUNE F [\ 20 a0 60 70 Hno BOAC Q0 QOAC 110 110AC
tere-1n) t-1) ta) C10) 21y (z7) t27) (32) (32) (a3} (a3)
1972 CHLVROLLY IMPAL A 2.40 2.20 2.08 “eat 2.4 2.2 2.10 1.82 2.10 1.07 104
Z.43 2ebe Zod? P 1.75 1.56 PISE 1.34 1.89 0.69 1.05
AVE 2.a% 2.8 2e2s 226 2.0 185 2.10 1.58 1.99 0.88 1.04
1974 CHEVROLLY IMPALA 1 ah te2% 1=47 =38 1210 O.9 - 077 - G.40 -
) et | ICL 31 a0 VYa27 1a08 Oeth . 0.78 - [ XY Y3 -
- - . o203 - - - - - - .
Ave 1eur 1eat 1.8 1.23 1032 0.90 . 0.77 . 0.43 .
1977 MINOA CIVIC 49 STATE Se2n EITY 2002 PRERN PN 2.18 . 2.04 - 1.94 .
3406 3.01 2.54 257 2.40 2.12 . 1.96 . 1.0 -
ave 3e16 J.08 288 2.56 2037 2415 - 2.00 . 1.89 .
1677 FOND LTD 49 STATL 07 Oetit 0atta 0ohy 0er7 0.73 - 0.53 0.76 0.3 0.60
: 0.vs 0.7 Oets2 0.81 0. 70 a.o1 a.ua 0.5% 0489 036 061
0.91 . . . . . - . . . - .
AvE 0.v0 0.87 0.ns 0.85 0.73 0.67 0.86 0.54 0.82 0.34 0.61
1977 HLYMOUTH FURY 49§ Lel7 1.47 115 0.93 0.90 0.93 . 0.94 . 0.72 .
163 1239 1.05 098 0.91 Q.93 . 0.85 . 0.73 .
. - . 0e91 ve90 . . e . . .
AVE 1.7u 1.43 1.30 0.94a 0.90 0.93 . 0.90 . 0.73 -
1978 AUICK Vo YURBOCHARGE 1049 1.30 0.95 0.74 0.69 0.55 0.80 0.43 0.55 0.15 0.17
1.80 rerd 0.66 0.80 0.0 Q.49 0.72 0.54 0.54 0.40 0.26
1.43 . . . . - . . - . .
AVE Ll eald 1021 0.A0 0.76 0049 0.52 0.76 0.48 0.57 0.27 0.22
1977 PLYMOUTH FURY CALIF 0.8 0.74 0.76 0.3 0,606 0.%6 0.59 0.49 Oen3 0e35 0e38
0.87 0.93 PN 0.9 0.067 0.59 0.7 0.a8 0.55 0.30 0.25
- . . . . - . - . - 0.30
ave 07 0.83 0.7 0.71 0.07 0.57 0.65% o.an 0.54 0.33 0.31
1976 CHEVROLET ST W—CALIF 1.06 0.90 0.hh 0.7y 0.69 Ouba 0.78 0.59 0.61 0.37 0.60
1.03 0496 Oatss ouwst aeva 0.66 0.2 0eba 0.06 0.a2 0.49
Ave 1005 0e9s 0.86 0.3 0.72 0.6% 0.80 0.61 0.04 0.40 05
1978 FORD PINTO CAL 3 WAY s 1.03 0.98 1.54 1.09 0.87 1.01 . 0.87 0.4t 0.62
Leln 1.01 0.6 1.40 0.92 0.70 1.09 0.55 0.80 0.62 0.92
$esz - - - - - - 0.68 . - 0.70
AVE 1629 1.02 0.83 1.47 1.01 0.82 1.0% 0.59 0.83 0.52 0.7%
1976 Vw RABHIT CAL FU~INJ . f.2v 1.6 0.93 0.74 0.54 Oea3 - Oea) . Oea0® .
1+00 1.28 1.18 0.78 0.57 0.46 . 0.42 . 0.33 .
AVE 1.18 1 .22 1006 o.76 0.55 Q.44 - - 0.41 . 0.37 .
1979 DODGE ASPEN CALIF. 1.90 1.59 1.24 083"  0.90 0.74 0.81  0.%6 0.70 0.33 0.35
1.85 1.70 152 1.04 0.92 0.88 0.91 0.63 0.72 0.33 041
AVE 1e87 1s64 1e38 0e94 09l 0eB1 0.86 0.59 0.74 0.33 0.38
1980 MERCURY PROTOTYRE . 0.r2 0.63 049 0.49 0.46 0.59 0.51 0.58 0.44 0.51
. 0.65% . . 0.48 0.46 - . . 0.at 0.55
AVE . 0.68 0.63 0449 0.49 0.406 0.59 0.51 0.58 Oea3 0.53
1960 BUICK REGAL PRUTOYYP . 1.42 1ets [RYTN 1.03 0.8a 0.97 0.66 0.77 0.23 0.31
1428 . - 1.02 0.95 . . . 0.25 0e34
AVE . 1.33 1.0 1.16 1.03 0.90 097 0eb0 0e77 024 033
DATSUN  PROTOTYPE 2.06 1.34 118 1,05 0.88 0.7y . 0.62 - 0.at .
1.9 1.32 1ed 1.04 0.649 0.67 - C.061 . 0.36 .
. . 1.2% . . . . . . . .
Ave )98 1.33 1elt 1.04 0.49 0.71 - 0.62 . 0,41 .
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Table 49 compares the average NOX with the average corrected NOX
(NOXC). The same decreases in NOX at low temperatures and increases in
NOX at high temperatures as a result of the correction were again noted.

TABLE 49 F1P HOT TRANSIENT AVERAGE NOX § NOXC = G/KM
TEMPERATURE F [ 20 40 60 70 80 80AC 90 Q0AC 110 110AC
(CH{-18) (=7) ta) 116) (21) 27 {27y 132) (32) 143) (43)
1972 CHLVROLLY IMPALA
NOX AVE 2.4% 2.38 2.23 2426 2.0 1.85 2.16 .58 1.99 0.86 100
NOXC AVE 1.84 .80 1.7 1.94 1.89 1.87 2.18 te84 2.32 1.71 1.89
1974 CHEVROLET IMPALA
NOX  AVE 157 135 129 1.23 1.12 0.90 . 0.77 . 0.43 .
NOXC AVE 1.39 t.02 0.98 1.058 1.03 0.94 . 0.90 . 0.82 -
1977 HONDA CIVIC 49 SYATE
NOX  AVE 3.16 3.08 2.58 256 2.37 . 2.00 - . 1.89 .
NOXC AVE 2.38 234 2.03 2.18 2.18 215 . 2.33 - 2.97 -
1977 FORD LTD 49 STATE
NOX AVE 0490 0.R7 (Y%} 0.85 [ 1% X] 0.67 0,86 0e84 0.82 0034 0.01
NOXC AVE 068 0.60 006 0.73 0.67 0.71 0.90 0.63 1.01 0.063 1018
1977 PLYMOUTH PURY 498
NOX  AVE 1.70 1.43 1.30 0.94 0.90 0.92 - 0.90 . 0.73 .
\ NOXC AVC t1.28 1.09 1 o004 0.82 0.83 0,94 . 1.04 - 1.2) .
1978 BUICK V6 TURBOCHARGE
NOX AVE 1.61 1.21 0.80 0.76 0,49 0.52 076 0.48 0.57 027 022
NOXC AVE 1.05 0.91 0eb64 0.65 0.4% 053 0.78 056 0.067 046 038
1977 PLYMOUTH FURY CALIF
NOX AVE 0.87 .0.83 0.71 0.71 0.67 057 0.065 049 - 0.54 0.33 0431
NOXC AVE 0.66 0.63 0.56 0.61 0461 0«59 0.067 0.58 0.67 0512 0.52
1978 CHEVROLET ST w~CALIF
NOX  AVE 1005 0493 080 0.83 0.72 0e0S 0.80 Oeb1 0. 0.40 055
NOXC AVF 0.79 Oa?t 0.68 0.71 0.65 0.066 0.82 0.73 075 0.72 0491
1978 FORD PINTO CAL 3 WAY
NOX AVE 129 1.02 0.83 1.47 1.01 0.82 1.05 0.39 0.83 052 0e75
NOXC AVE 0.97 0.78 0.66 1.25% 0.92 0.83 1.08 0.46 0.96 0.91 1.19
1978 vw RABBIT CAL FU~INJ
NOX  AVE 1.18 1.22 100 0.76 0455 [(3Y Y} - [ PY Y] . 0437 .
NOXC AVE 0.A9 092 0.83 0.6% 0.51 0e05 . O.a8 . 0.62 -
1979 DODGE ASPEN CAL IF,
NOX  AVE 1.08 1.38 0.94 0.91 0.81 0.80 0e59 074 033 0.38
NOXC AVE o248 1.04 0.82 0.83 0e82 0.87 0.69 0.A7 0.72 0.82
1980 MERCURY PROTOTYPE
NOX  AVF . 0.68 063 0.49 0.49 0.6 0.59 0.81 0.56 0.43 053
NOXC AVE . 0582 0.50 0,42 0.48 Oea? 0.60 0454 0.08 0.69 0.90
1960 BUICK REGAL PROTOTYP
NOX  AVE - 133 113 t.lo 1,03 0.90 0,97 0.06 0.77 0.24 033
MOXC AVE . 1.02 0.89 0.99 0.94 0.92 0.97 0.73 086 0.48 2y 7Y
DATSUN PROTOTYPE
NOX  AVE 1.98 1.33 1.38 1.04 089 0.71 - 0.62 - Oeat -
NOXC AVE 150 1.01 0.93 0.90 0.82 0.72 . 0.71 . 0.72 -
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Federal Test Procedure-Composite-NOX--

Table 50 lists the composite !OX data from all three phases of the
FTP. It should be noted that all of the vehicles, except the Honda, met
the appropriate standard, as given in Table 15, when evaluated at 70 or
80°F (21 or 27°C) which are the only temperatures that meet the specified
temperature range for this procedure.

The composite results showed the same trends as the individual
phases. Some vehicle technologies produced lower NOX emissions than
others. A1l of the vehicles produced the lowest NOX emissions at 110°F
(43°C) and all of those tested with their air conditioners on generally
gave increased NOX emissions.

TABLFE 50 F 7 P CUMPULITL ~ MITROGENM ORIDES G/nM
TCMPERATURE P o 20 «0 [ r0 a0 [ 1.7X4 o0 90AC 110 110AC
tCri~a1n) =7 a) t1o) 21 27y 27 $32) 329 (a3) $43)
1972 CHEVROLEY TWPALA [RY ) le78 1av® 1006 le70 0 192 .00 190 O.80 3«00
) b 202 198 le?8 1e47 1e38 177 118 158 0.685 1018
AVE Bebd 190 Teb® o831 1.03 150 185 te27 teTQ Cel6 1«03
1974 Cra. VHOLEY IMPALA 132 121 Tess 104 1.02 .85 . O.71 - [ PYY J -
tabl 130 1.07 let2 Q.98 0.80 - 0.07 . Cea2 -
- - - 107 - . - . . - -
AVE o0 te26 120 107 1«00 Qo2 - 069 - L FY Y] -
1977 HONDA CIVIC 49 SYATE 2637 2¢06d 230 243 2003 189 . 184 . 1e87 .
2Nt 2008 2400 2428 237 193 - 169 - 172 -
AVE 208 2eH8 2.10 2.20 220 1.93 - a7 - 180 -
$9TT FOMO LYO 49 STATEC te21 130 102 1204 Oonn 084 0«97 3.1 072 Oe+40 088
1e42 | a2 132 102 Oets9 077 099 0060 (211 ] 039 Q306
[ A . . . . ‘e . - - - -
AVE less 1.28 1e02 leGa 0.09 Oel80 0«90 Oed8 Oe78 O0e39 0eB7
1977 PLYMDUTH FURY A9S 2esd 2.87 teld tel8 093 Qeur - Q.87 . o0.067 -
1«9¥0 [ % ¢ ] 2098 109 2% 14 0.92 - 0.87 3 0.08 .
. - - 102 [ XY L] . - - . . -
AvL 2ot 243) 1959 110 Oe% 090 - 0«87 . 0.08 -
BO7& BUICK VO TUNBULMANGE . Y28 1ed9 Ce97 OCaTe Qsol Oed3 Q08 Cea2 [ 8- Q.23 023
Yest 109 0.80 0 2@ 0oty 0adO 0«70 Oed1 0.58 0e37 0el2
[RT41 - - - - - - - 3 ) -
Ave 29 tela Oe.80 Vo770 Oeb} 0ed2 0.069 Oebe 050 0«30 027
L9777 PLYMOUTH FURY CALLP 1a00 1220 1203 DeB0 DebA 058 087 Cea? Cadd 037 [ XX}
1 ve3 1.32 Q.0 073 0.67 [ 2%-1 ] 0«70 Ot 004 030 0e20
- . . - - . - . - L) - 037
AVE ‘8248 1=206 G.90 Qe lts Q.05 Qa7 [ X% Osb0 0s00 0s.30 0s3%
1978 CHEVROLET 5? w-CALIS a0 1200 0.%0 0.77 0.08 0ad} 0.87 037 009 Oaad 0.8
1.00 027 [P ) ] O+h0 .73 Os04 0488 Q37 079 Osds CeB7
AVE 105 099 Ga.8% 079 0.70 [ 21 3 ) 0.006 0«07 Oe70 0,03 0.87
1978 FORD PINTO CAL 3 WAY Qatsts 0272 Os00 t32 OalS> Oe7e 0¥l - Qe70 Ce 8 [ 731}
Q.12 Oadd .40 1ad7 0.75 0.66 0.90 Osdb Dab2 Dbl 0 ebS
Q.tre - . . . - . 233 ] . : 0.063
AVE Out3 Q.08 Oed? el 0.80 0.70 0.9} 049 0,00 Ce.40 0,60
.
1976 Vv RABUIT CAL FU~INJ beeO teld Qevl 04069 0«63 0edd . 0.38 . 033 -
1.03 1ed? 1.07 Oe?79 [- 2%~ 0«40 - 033 . 029 .
Ave $o188% 114 0+99 Ce7a Q289 Qet2 - Os30 L] 0e31 .
1979 DODGE ASPCN CALIF, 1e27 0.9% 0s70 0.00 Ce0d 050 04069 Oedd 0.57 0029 Cel33
1«10 L) ] Seld 0.7) 0.08 0663 0,69 232 ] [-7%-1.3 0632 O.36
AVE  leln to.18 0497 Vebs 0,00 Gs01 0.07 0e49 0.37 03 O30
19680 MEKRCURY PROYOTYPE . 0.060 0.01 0.38 O0«d2 Oedo 0.58 0050 033 039 0«08
. 0.0 . - Oed3 0en0 - . . Oe30 D80
AvL . 0e6d Oeb) 0Bt 0«52 Qesd 231 ] 0.90 0498 037 Oet®
1980 BUICK HFGAL PROTUTYP - O.067 1«20 o2 331 0.99 11D 0.706 0.92 o268 038
- 1«20 . - 197 t.00 . ] - 0.25 0.30
AVE . 0.97 .20 o2 el 099 To30 0.78 092 Oe206 0,37
DATSUN  PRUTLTYPE 1eas 103 0OV 0.90 0.7 0.6 - 0.02 - O0e3) .
1 o3 190 1.0 0.806 Ce78 000 L] 02 . OCe2S [
. - 1.02 . . . - ) . . .
AVE 1.40 107 10} o.88 0.78 0.0} . 0.02 . 0«3 .
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Table 51 coméafes the measured average NOX with the corrected
As before, the correction reduced NOX at the lower

average NOXC.

temperatures but increased them at the higher temperatures.

TABLE

51

FIP COMPUSITE AVERAGE NOX & NOXC =~ G/KM
TEMPERATURE F (] 20 a0 60 70 ao BOAC 90 QO0AC 110 110AC
(Cr{-1n) (=71} tay (o) 21y 27y (27 {321 (32) (a3) (43)
1972 CHEVROLET IMPALA
NUX  AVE 1.1 1.90 198 1et1 te61 1.50 185 1.27 1.79 C.76 1.03
NOXC AVF 1.44 lea4 1 o026 L %1 -] 1.49 1452 1867 1.48 2.08 1.08 1.87
1974 CHE VRULLT I1MPALA
NOX  AVE 140 1e20 ta20 1.07 1.00 0.82 . 0.9 . 0.a4 .
NUXC AVP 1,04 0a9% (O™ Cun2 [ P% 74 0.h6 . Oatsl . [ RCE} -
1977 HONDA CIVIC 49 SYATL
NOX  AVH 2.54 2.58 2ottt 2.70 2410 1.91 . 1.7 . 1.80 -
NOXC AVE 1491 1e9s 172 1.04 beus .91 . .04 . Zet1s -
1977 FUND LTID A9 GTATH
NOX  Ave [P TY te2n 1ed, 1.04 [ 0.n0 0ot 0etih 0elh 0,39 0.57
NUXC AV? 1.01 0.9 1ol 0onn IS [T 1.02 0.tsm 0.46 Nera 1.08
1977 MALYROUTH FUuky a9
NOX AV 2401 2e34 | .30 0.9 0.90 . Gat? . 0.0k .
NOXC AV 1e5¢ te?7 [PV BPLT Oewl . 1.02 . 1.1 .
1978 BUICKR VO TURBOCHARGE
NOX  AVF 1.2% Yel4 (LT 0.76 [ FY-1} Qo2 069 O.40 0eu6 0430 0.27
NOXC AVE .94 Oens? Oe71 Vetsts [ PEY-Y 0.4 0.7 [P VY 0.066 0.%0 0.47
1977 PLYMOUTH FURY CALIF
NOX  AVE 1eas 1.26 (X7 n.re [ YN 0.7 0et3 0.a7 0.55 0.3h G.35
NOXC Avt 109 0.9% 0.7¢ 0etsts 0.060 0«59 0.5 [T 0.07 0.57 0.99
197F (HEVROLETY ST w-CALILF
NOX AVl 1.0 0.99 LY 0a?9 C.70 0.63 0.k 0.57 0.74 0.43 0.57
NOXC AVL 0.79 O.70 0oty Oetits Oeba Oatss Oet? 0.6R 0.7 0.?7 0.9%
1978 FURL PINTH CAL 3 WAY
NOX  AVE 0441 © Oens 0ets? 1el4 0.80 0.70 [ 0.4 0.06¢ 0.a0 0.60
NOXC AVE [Py O.an 0.a% 0ern 0714 0.71 Oena 0. 3R 0.7¢ 0.70 0.9%
1978 ve HABMIT CAL Fu=JINJ
NOX  AVI 1.1 1.14 0.9 0.74 [ O.a2 . 036 . [JPARY] .
NOXC AVE 0.b4 0.00 0.8 0oty s N.ha 0.4 . 0.a1 - 0.l .
1979 DODGL ALPLN CALIF,
NOX  AVF 1elh lelt 007 Vetsts 0.t 0etrl Oetr? 0.Au 07 0.3 0e3d
NOXC( AVF [P Oeny 0.74 [ PN 4 0.%9 Oet2 [P 0en7? 0.06 0.07 074
1980 MCHCIRY PRUTOTYPE R
NOX  AVE . 0ent [P ] Detst 0.52 O.48 [ 0e%0 0.5% 0.237 0.49
NOXt AVE . 0.49 O.at [ Y 0.4k Q.49 0.49 0.%3 0et,% 0.60 0.83
19H0 HUICK KEGAL PHOTOTYE
NOX  AVE - 0.27 le?0 1e21 1.14 0.99 Tel® Ve 0 0.92 0.2¢6 0037
NOXC AVF . 0.74 0.4y 1.04 1.0% t.01 1elo [P 1.03 0.%3 0.73
DATSUN  PROTOVYPE
NORX  AVE 1.a0 1.07 1.0) 0.8b C.78 Oatd . 0.5 . 031 .
NOXC AVE 1.06 0.82 0.40 0.76 0.77 0.63 . 0.60 . 0.5, -
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Highway Fuel Economy Test-NOX--

Table 52 shows the NOX emissions for the HFET procedure. While
most of the cars produced maximum NOX emissions at low temperatures,
some showed small changes in NOX emissions with temperature. The 1972
Chevrolet showed a maximum at 60°F (16°C). Nearly all of the cars
showed an increase in NOX emissions when the air conditioners were used.

VALY 52 HIGHWAY FULL LCONOMY TEST — NITROGEN OXIDES G/KM
TEMPERATURE F ] 20 40 50 70 80 BOAC 90 9QAC 110 110AC
(CHi-19) «-7) (a) (10} z2e) (27 27y 329 t32) tas)y (43)
1972 CREVRULFY IMPALA tel¥ Le79Q 171 2.72 2459 2231 3ei7 2a.18 2.90 117 125
185 189 1 s60 b aa?7 120 l1el0 1 et 099 | %1 0+60 1.04
AvVL 1 80 A PY-11 1469 2.10 190 171 239 157 228 0.89 lels
1974 CHEVROLLET IMPALA 130 127 1,20 1.03 1 .08 Ve8> - Qe73 - Dbl -
1.35 130 107 1.03 0.906 0.89 - 071 . 0.49 -
- - - 098 - . - . - . .
AVF 130 129 1«19 1.01 t«01 Qets7 - 072 - [ Y 3.3 -
1977 HUNDA CIVIC 49 STAYE 2e10 2441 1.72 1.09 T.048 e} . Yet2 - 1 049 -
2a00 2«08 | X 4 184 176 lea? - 1e42 3 141 -
AVE 209 225 1e73 1.78 1.70 1.49 - 142 - 1445 -
1977 FORD LYD 49 STATE Ot 053 052 057 056 0450 045 0«30 O.44 0«24 031
050 054 050 DebB Da08 Oend 039 0«33 Ceal 0«22 CGel®9
Ged) . - . . - - . . - -
AVE 049 0453 051 0.53 O0ad2 Dea5 042 035 0243 De23 Oe2%
1977 PLYMOUTH FURY 495 0.79 0.90 0.80 059 0.63 0.72 - 071 - 0069 -
Oe74 0.87 089 058 Oabl G667 - 0e%8 » 0.76 -
- - - 057 O.01 - - . . . -
AVE 0?77 O.R8 0.84 O.58 0063 0.69 - [ 2 3] - 0.73 -
1978 BUICK V6 TURBOCHARGE 1.24 1.18 .81 0.73 0.70 0«59 Oe?72 037 0e58 Oel) OulS
126 Va8 C.7a ca.78 067 Qb1 077 0.48 .67 0.20 0.29
le23 - - . - .. . . - - -
AVE 124 1,01 0.77 [« % 4-] D.08 0.5 Oe7% et 3 063 0l Qa2
1977 PLYMOUTH FURY CALITF [0 0,006 051 Oeb2 050 0ed5 OeA8 041 [ XY 3 0.27 031
0ot Ge80 Qaa? Oedl 0ea8 0.4 O.48 Oe37 Osta 0«16 0.3
. - . . . - . . o . 00286
AVE 0200 Oe73 by O.%b Oea9 0030 O.a8 037 Ceda Q.22 Q.30
1978 CHE VROLETY ST wW-CALIF 072 0,067 Oed7 OedH 0ad4 Oeans Qa1 Oedd 0.57 0.39 0,40
Q71 Q.70 Oads 057 [ P2 Oead 0«59 0«80 0e03 .43 OeAD
AVE 0. 71 0.68 [ F%-1 07 [ F3-1) Oeab O e00 Qethn 0400 Oetl Oad2
1978 FORD PINTO CAL 3 WAY 1e34 105 1e41 1.20 Oe99 0e80 1e13 . - 0«85 038 V.78
1e1% [ 1.7 049 107 08 073 105 0ed2 -2 3.3 0.%58 Q.91
1a24 - - . - - - 0e67 . - 0.84
AVE 124 0823 0.80 149 0.91 077 1.08 Qe89 0.8 O.40 O.84
1978 Vw RASHBITV CAL FU-INJ 1e27 111 O.81 Q.08 0.33 - 0«30 - 0.37 -
«l? 123 ox9? 0.062 Ced2 - O»38 . 0.36 -
AVE 1.22 1.17 0.89 0.0% 032 . 0034 . 0ed7 .
1979 DUDLGE ASPEN CALIF. 1 00 103 097 [ PY-1 ] 081 0.77 0.8 0a712 0.87 023 0.49
100 199 1.83 0.66 Oo.01 077 0O-88 1.87 070 0.42 0506
AvVe 100 Je31 140 0«80 0a.81 .77 0«87 129 .02 .32 Q82
1980 MERCURY PROTCTIWE - Vesy Vesl Ve 38 Ve27 Ve 22 030 0a.26 Oe 38 Ce23 029
. Qo34 - - 0e30 028 - . . Oe20 Oe31
Ave . 0,37 031 O34 0.28 0e25 0«30 Ce25 O0a3s o.22 030
1960 BUICK REGAL PROTOTYP - 1«12 0B84 0e77 De60 0.48 056 0.38 0.48 Oel0 0.29
- 1.07 - - 0.58 [ %3] - - . Cel? 0«29
AVE . 109 0.84 077 059 Cada9 050 038 Oed8 Oelo 029
DATSUN PROTOTYPE 1211 113 102 0289 Qe78 0ab4d . Oe36 . 025 .
t1el0 1.08 0.97 0.90 0.81 O.061 . 0.52 - .22 -
- . 1.00 - - - - 3 - - -
AVE 1603 el 1.00 090 079 062 - [ 7%-1) . O0.24 -
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Table 53 compares the average measured NOX with the average corrected

NOXC emissions.

and increased MNOX ot the higher temperatures.

Again, the correction reduced NOX at the lower temperatures

JABLE 53 HIGCHWAY FUEL ECONOMY TESYAVERAGE NOX € NOXC ~ G/7KM
TEMPERATUKE F ] 20 40 60 70 80 80AC %0 90AC 110 110AC
(C){(-18) (=7} (4) t16) t21) (27) 27 (32) (32) (43) (43)
1972 CHLVROLLY IMPALA
NOX  AVE 1.80 1.84 1,069 2.10 1.90 1e72 2.39 1.57 2.25 0.89 1e14
NOXC AVE 1.306 1439 132 1.80 1.7 173 2081 1.82 261 1.73 2.07
1974 CHIVRULFT JMPALA
MOX  AVE 136 1.29 119 1.01 101 0«87 . 0.72 - 0.45 .
NOXC AVE 103 0.97 0.93 0.87 0.93 0491 . 0.8 0.8% .
1977 HONOA CIVIC 49 STATE
NOX  AVE 2.09 2.2% 173 1.78 1.70 140 . 1.42 . 1.45 -
NOXC AVE 157 1.70 137 teb2 156 1.49 . 1.0606 . 2.28 .
1977 FURD LYD 49 STATE
NOX  AVE 0449 0.53 051 0.9 082 .48 0.42 0.3% 0.3 0.23 020
NOXC AVE 0437 0.4t [ XY} OedS 0.4n [ I¥ Y] O.as O.41 0.53 0.44 0.47
8977 PLYMOUTH FURY 49S
NOX  AVE 0.77 0.08 Oe84 0.58 0.63 0.69 . 0.065 - 0e73 .
NOXC AVE 0458 067 0.67 05t 0458 0e70 - 0.7 1.21 .
3978 BUICK V6 TURBUCHARGE
NOX AVE 1.24 1,01 0.77 0e75 0.68 0.5% 0.75 0.43 0.63 0.15 0.22
NOXC AVE 0.93 0.77 0e62 0.64 0.63 0«56 0.77 0450 0.74 0.26 0.38
1977 PLYMOUTH FURY CALIF :
NOX  AVE 0460 0.73 0.49 0.56 0.49 050 0.48 0.4l 0.44 0422 0.30
NOXC AVE 0.4% 0458 039 0.48 0.a6 052 0.49 0.48 0,54 0.33 051
1978 CHEVROLETY ST W-CALLF
NOX  AVC 0.71 0.68 0e56 Oub7 0. 0.46 0.60 0.48 0,60 0.4l 0.42
NOXC AVE 0,54 0.52 0.44 0.49 0.49 0.47 0.61 0.57 0.71 0.74 0.72
1978 FORD PINTO CAL 3 WAY
NOX  AVF 1.20 0en3 080 tel® 0.91 0.77 1.08 0.40 0.85 C.46 0.56
NOXC AVE 094 063 063 1.02 C.Re [ 7% {.] 138 [ PR Y 098 OBl Oe87
1976 vw RABRIY CAL FU-INJ
NOX  AVE 1a37 1.22 $ed7 0.89 [ PY.13 032 - o34 . 0e37 .
NOXC AVE 0.88 0.92 0.91 0.76 0.60 0433 . 0.39 . 0.63 .
31979 DODGL ASPEN CALIF.
NOX  AVE 1.00 1.581 1.40 0.86 0.Aa) 0.77 Oe87 1.29 [P H 032 032
NOXC AVE 0.76 118 1006 0.7 O.74 0.78 0.88 1e49 0.96 0. 70 1e12
1980 MERCURY PROYOTYPE
NOX  AVE . 0437 0431 0.34 0.28 0.2% 0.30 0.2 0.34 0.22 0.30
NOXC AVE - 0.28 0e.2% 0.30 0.26 0.2% 031 0.27 0.40 0.368 0451
1960 BUICK REGAL PROTQOVYP
NOX  AVE - 1.09 [ 3.1} 0.77 059 0,49 0.50 0.38 0.48 0.16 0.29
MOXC AVE . 0.83 Oe67 0466 054 0.50 0.56 0.42 0.53 0.33 086
DATSUN PROTOTYPE
NOX  AVE 1.13 1«11 1.00 0.90 079 0e62 - 0e54 - 0.24 .
MOXC AVE 0.86 0.04 0.79 0.78 0473 0.64 . 0.62 . 0.42 .

-Sulfate Emission Test-NOX--

gave higher NOX emissions than the HFET.

Table 54 1ists the NOX data for the SET procedure.
operates at a more nearly warmed-up condition than the FTP and usually
The increase in NOX with the
use of air conditioners and reduction of NOX at 110°F (43°C) was again
observed.
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TABLE 54

SULFATE EMISSION TEST

~NITROGEN OXIDES G/KM

TEMPERATURE F [¢] 40 80 80AC 110 110AC
(C) (-18) (a) (27) 27) (43) (43)
1972 CHEVROLEY IMPALA 1495 199 215 2,65 1,07 10,11
200 181 1.28 1. 71 0460 0497
AVE 1 098 1«90 172 2e18 083 1048
1974 CHEVROLET IMPALA 135 120 0.86 0+.38 .
132 1.21 0.81 . 0e82 -
AVE 1.34 1.21 0.84 . 040 .
1977 HONDA CIVIC 49 STATE 251 2022 1482 - 1 64 -
2.51 2.16 178 . 1.63 .
AVE 251 2.19 1 ¢80 L] 1 e64 .
1977 FORD LTD 49 STATE 0062 062 0.64 0.60 0e28 O.4a1
062 0.58 052 0.53 0+24 0«24
0,061 - . . . .
AVE 0e62 0.60 0.58 0636 0e26 0432
1977 PLYMOUTH FURY 49S 107 101 0e70 . 0.+54 .
1.02 1.22 0.72 e 0.58 .
AVE 1.04 112 071 . 056 -
1978 BUICK v6 TURBOCHARGE 128 O-BQ 056 059 0.13 0.16
132 0,73 0,51 0466 0.28 0,29
125 . - - . .
AVE 128 080 0e53 0eb62 020 023
1977 PLYMOUTH FURY CALIF 0661 051 0039 0.40 0.21 0«28
0+69 0.45 Oe41l O0e46 019 0.24
. . . . . Q.24
AVE 065 [ XY ¥:] 040 0,43 0,20 0,25
1978 CHEVROLET ST W-CALIF 0.0 0.65 0e52 0,62 0«30 Ot
O0e79 062 0454 0e67 0e35 Oead?2
AVE 0679 0.64 0453 Oe 64 0433 0.43
1978 FORD PINTO CAL 3 WAY 123 1.04 0.81 1.00 0.33 0e70
1,12 0,49 0,76 0.94 0,52 0. 71
1413 - - . . -
AVE 1el16 0?77 Oa79 097 082 0.71
1978 VW RABBIT CAL FU-INJ 1.10 0.86 0.38 . 0e¢34 .
1.06 1.01 039 . 0«31 .
AVE 108 0.93 0e38 . 0e32 .
1979 DODGE ASFEN CALIF, 097 0.85 0665 Oe74 0,33 0439
0697 1.34 0.67 0. 73 033 0.43
AVE 0497 110 0 e606 Oe73 033 Oedl
1980 MERCURY PROTOTYPE . 051 0.33 Oeda 031 0439
. 0«51 039 0. 4s 0432 0.49
AVE - 0.51 0e¢ 36 0,44 0,31 0444
1980 BUICK REGAL PROTOTYP . 090 055 0. 71 0e21 0«38
. 0+.90 04064 Oe71 Oe23 0e3%
AVE - 090 0«60 O.71 0e22 0.37
DATSUN PROTOT YPE 1625 102 0+56 . 0.18 .
1426 0.95 0,57 . 0+26 .
1425 0e97 057 - 0e22 .
AVE 1e2% 098 057 . 0e22 .
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The comparison of the measured NOX with corrected NOXC is given in

Table 55.
TABLE 55 SULFATC EMISSTON YEST — AVFRAGE NOX £ NOXC — G/KM
TEMPERATURE F 0 40 80 8OAC 110 110AC
(Cr(-18) (a) 27) (27) (43) (43)
1972 CHCVROLET 1MPALA
NOX AVE 198 1.90 1.72 2.18 0.83 1.04
NOXC AVE 1.49 1.49 1.75 220 1.63 1.88
1974 CHEVROLET IMPALA
NOX  AVE 134 1.21 0.84 . 0.40
NOXC AVF 101 0.9 0«87 . 0e77
1977 HONDA CIVIC 49 STATF
NOX  AVE 2.51 2.19 1.80 . 1.64 .
NOXC AVE 1.089 1.73 1.79 . 2.58 .
1977 FORD LTD 49 STAYE
NOX AVE 0.62 0«60 0.5b 056 0.26 032
NOXC AVE 0.46 0.4Nn 0.61 0459 0. 49 0. 61
1977 PLYMOUTYH FURY 49S
NOX  AVE 1.04 1.12 0.71 - 0.56 .
NUXC AVE 0.78 0.89 0.72 . 0.94 .
1976 BUICK V6 TURHBOCHARGE
NOX AVF 1e2n 0.80 OeH3 0.62 0e20 0.23
NOXC AVE 04906 0.64 0.5% 0.64 0.34 0. 39
1977 PLYMOUTH FURY CALIF
NOX  AVE 0.65% 0.48 0.40 0.43 0.20 0.25
NOXC AVE 0.49 0.38 0.42 0.44 0.31 0ed3
1978 CHEVROLET ST w-CALIF )
NOX AVE 0.79 0.64 0.53 0.64 0.33 0.43
NOXC AVE 0.60 050 0.54 0,66 0.59 0.64
1978 FORD PINTO CAL 3 wAY
NOX AVE lelo 0.77 0.79 0,97 0.42 0e.71
NOXC AVE 0.87 0.61 0.80 1.00 075 1.10
1978 VW RARBIY CAL FU-INJ
NOX  AVE 1.08 0e93 0.38 . 032 .
NOXC AVE 0.81 0.73 0.39 . 0.55 .
1979 DODGE ASPEN CALIJF.
NOX AVE 0497 110 0.66 0.73 0e33 0.41
NOXC AVE 0.73 0.83 0.68 0.74 0.73 0.37
1980 MERCURY PROTOTYPF
NOX AVE . 0.51 0e36 0.44 0.31 0.44
NOXC AVE . 0.4) 0.37 0.45 0.51 0?5
1980 BUICK REGAL PROTULUTYP
NOX AVE - 090 Q060 0«71 022 0«37
NOXC AVF - O.71 0461 0?2 0.43 0«73
DATSUN PROTOTYPE
. NOX AVE 125 0.98 0.57 . 0.22 -
'NOXC AVE 0.95 0.77 0.58 . 0.40 .




New York City Cycle-NOX--

Table 56 summarizes the NOX data obtained using the NYCC. The
average NOX emissions are compared to the corrected NOXC emissions in
Table 57.

TABLE 56 NEW YORK C1TY CYCLE ~NITROGEN OX1IDES G/KM

TEMPERATURE F 20 60 80 80AC 110 110AC
(C) (-7) (16) (27) (27) (43) (43)
1977 HUNDA CIVIC 49 STATE 4,59 2436 2«49 . 180 .
3.09 3.16 2.42 PO 2.03
AVE 3.84 276 2.96 . 1 492
1978 BUICK V& TURBOCHARGE 134 Oe?5 0 59 Oeb1 Oels ‘Oe16
0.98 0.88 059 0.87 0.21 0425
AVE 1.16 0«82 059 0«74 _ 0«17 0«20
1978 FORD PINTO CAL 3 WAY 0489 1,01 0,63 092 028 0«61
O0.70 103 0469 0.73 041 0.52
AVE 0e79 102 0.66 0.83 034 Ce 56
1978 VW RABBIT CAL FU~INJ 139 067 Oe.48 - 0 29 3
122 082 0.39 - 0419 .
AVE 131 074 0.43 . 0.24 -
1979 DODGE ASPEN CALIF, Oea3 0,448 0,41 0,86 - 0,24 0427
1¢17 0.42 0.43 0o 47 026 033
AVE 0«80 Oed3 Oed2 Oeld7 025 0e30
1980 MERCURY PROTOTYPE 1.20 192 0.49 . 0659 0.42 0.61
] 1.08 192 050 0.59 036 0.61
AVE 1.14 1492 0e49 0.59 0039 061
1980 BUICK REGAL PROTOTYP 1.98 173 140 1.84 0.08 0.20
1«84 le73 140 1.84 0622 Q.17
AVE 191 1e73 140 1+ B4 015 Oel9
DATSWN PROTOTYPRPE 1«22 107 0.87 . 025 °
© 1e2Y 1e17 0485 L 0.21 .
AVE 1426 1612 0,86 . 0,23 ™

y— —
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TABLE 57 NEW YORK CITY CYCLE - AVERAGE NOX £ NOXC -~ G/KM
TEMPERA TURE F (4] 40 80 80AC 110 110AC
(C)(-18) (4) 27 (27) (a3) (43)
1977 HONDA CIVIC 49 STATE
NOX AVE 3.84 276 246 . 192 -
NOXC AVE 291 2._36 2045 o 3.01 -
1978 BUICK V6 TURBOCHARGE
NOX AVE 116 0.82 0«59 Oe74 Oel17 Qe 20
NOXC AVE 0.88 0.70 061 076 029 0e35
1978 FORD PINTO CAL 3 WAY.
NOX AVE 0e?79 102 0«66 0«83 Oe 34 0e56
NOXC AVE 0.60 0.87 067 0«85 060 0«88
1978 VW RABBIT CAL FU-INJ
NOX AVE 1.31 D74 0«43 Oe24 .
NOXC AVE 099 063 Oed4a 0,40 -
1979 DODGE ASPEN CALIF.
NOX AVE 0.80 043 [+ IY ¥4 0687 0625 0e30
NOXC AVE 0.61 0.38 O0e43 Oea8 Oe5H4 065
1980 MERCURY PROTOTYPE
NOX AVE 1e14 1.92 0.49 059 0639 Oe61
NOXC AVE 0«87 10606 050 060 Oe64 le 04
1980 BUICK REGAL PROTOTYP
NOX AVE 191 le73 140 1.84 0«15 Oe 19
NOXC AVE 1446 1.48 1«43 1«86 0e30 037
DATSUN PROTOTYPE .
NOX AVE 126 1e12 0,86 - 0623 .
NOXC AVE 096 096 0.88 O0e42 -
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Federal Short Cycle-NOX--

Table 58 presents the NOX emissions for the FSC.
State) and California Plymouths had NOX emissions at 80°F (27°C) that
were comparable to the composite FTP results. All of the other results
showed NOX emissions less than those found with the composite FTP.

Only the 1977 (49

TABLE 58 FEDERAL SHORT CYCLE - NITROGEN OXIDES G/KM
TEMPERATURE F 0 40 (80) 11¢
(c) (-18) (4) (27) (43)
1972 CHEVROLET IMPAL A 156 1e54 1637 0«39
165 146 0697 020
AVE 1.61 150 1¢17 0«39
1974 CHEVROLET IMPALA 1.08 0. 82 0«61 0.20
1,00 0,83 0,57 0,33
AVE 1.04 0.83 0.59 0«26
1977 FORD LTD 0486 0e67 0e63 0«40
0.87 [ Y <Y} 0«51 014
AVE 0.86 0,68 0,57 027
1977 PLYMOUTH FURY A49S 123 Oe72 091 027
1602 173 0e94 037
AVE 1«12 123 0692 032
1977 PLYMOUTH FURY CALIF 0«64 058 0055 0016
O0e73 069 0+69 Oel1l3
AviL 0.68 0,63 0,62 0.14
1978 CHEVROLLET ST W-—CALILF 0e56 046 Oe42 O.14
0656 O0e4d4 Oe41 019
AVE 056 - 045 0ed2 Oel7?7
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Table 59 compares the average measured NOX emissions with the average

corrected NOXC emissions.

TABLE 59 FEDERAL

SHORT CYCLE

~ AVERAGE NOX £ NOXC — G/KM

TEMPERATURE F (o] 40 80 80AC 110 110AC
(O (-18) (4) (27) t27) (43) ta3)
1972 CHEVROLET IMPALA
NOX AVE 1.61 150 117 0.00 0.39 0.00
NOXC AVE 121 1«18 119 0.00 077 0400
1974 CHEVROLET IMPALA
NOX AVE 1404 0.H3 059 . 0.26
NOXC AVE 0.79 0.65 0e62 . 0e50
1977 FORD LTD 49 STATE
NOX AVE 0.86 0.68 057 0.28 0.27 0.00
NOXC AVE O.64 0.54 0.60 0.29 0.50 0e 00
1977 PLYMOUTH FURY 49S
NOX AVE 1.12 1.23 092 . 0.32 .
NOXC AVE 084 0,98 0.94 o 053 .
1977 PLYMOUTH FURY CALIF
NDX AVE 0.68 0.63 0462 0.00 Oe1l4 0.00
NOXC AVE 052 0.5%50 0«64 0.00 0.23 0.00
1978 CHFVROLET ST W-CALIF
' NOX AVE 0.56 0.45 0.42 0.00 0.17 0. 00
NOXC AVE 0.42 0.36 ° 0.42 0.00 030 0,00
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Steady State-NOX--

These data are not normally obtained during inspection tests.

are presented here to serve as a baseline for other studies.

80 km/h (50 mph), loaded, steady state-NOX--Data in Table 60 show

They

the concentrations in ppm of the NOX obtained at 80 km/h (50 mph). Most
of the data showed poor reproducibility.

In general, NOX concentration
decreased with ambient temperature at constant relative humidity.

TABLE 60 80 KM/H (50 MPH), LOADED, STEADY STATE - NITROGEN OXIDES PPM
TEMPERATURE F 0 40 80 110
) (-18) (4) (27) (43)
1972 CHEVRULET IMPALA 1659 1529 2229 14
1670 1508 1106 482
AVE 176% 1514 166t 248
, 19748 CHEVROLET IMPALA G132 669 352 264
. 8332 826 25 32s
AVE o 4K 748 439 29%
1977 FURD LTD 210 224 224 115
259 190 169 &
229
AVE 232 207 197 62
1977 PLYMOUTH FURY 49S %3z 437 ° 526 745
43y 390 429 1066
AVE 486 414 478 906
1977 PLYMOUTIt FURY CALIF 354 291 224 96
’ 292 287 231 42
AVE 324 289 228 69
1978 CHUEVROLET 5T w—CALIF 506 422 317 144
. %00 372 365 198
AVE %03 397 341 171
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48 km/h (30 mph), loaded, steady state-NOX--The NOX concentrations
at 48 km/h {30 mph) are given in Table 61. With the exception of both
Plymouths, NOX concentrations were lower at 48 km/h (30 mph) than at
80 km/h (50 moh). .

TABLE 61 48 KM/H (30 MPH), LOADED, STEADY STATE - NITROGEN OXIDES PPM

TEMPERATURE F 0 40 80 1190

(c) (-18) (4) (27) (43)

1972 CHLVROLLY IMPAL A 1081 695 959 470
1007 8L 5565 181

AVL 1044 742 757 325

1974 CHEVROLLT IMPALA 76 3648 155 161
425 363 352 186

AVE 251 366 254 174

1977 FORD LTO . ' 18 176 135 83
169 161 134 2

167 - .

AVF 11¢ 163 135 43

1977 PLYMOUTH FUKRY 49S 174 23 2055 1240
162 167 2561 1600

AVE 1606 9o 2308 1420

1977 PLYMOUTH FURY CALIF S72 42] 531 259
40% 436 618 80

AVL 489 429 574 169

1978 CHEVRULET ST W—CALIF 169 169 181 96
180 145 1 89 132

AVt 18¢ 157 185 114
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2500 rpm, unloaded, steady state-NOX--The concentrations of NOX at
2500 rpm are presented in Table 62. This unloaded condition gave low
NOX concentrations. This result was not unexpected since nitrogen
fixation has been shown to depend more on engine load than on any other
factor (21).

TABLE 62 2500 RPM, UNLOADED, STEADY STATE - NITROGEN OXIDES PPM

TEMPERATURE F 0 40 80 110

<) (-18) (4) (27) (43)

1972 CHEVROLET IMPALA 261 159 71 - 114
234 182 127 101

AVE 248 170 99 107

1974 CHEVRUOLETYT IMPALA 42 93 70 55
10% 94 86 31

AVE 74 9qg 78 43

1977 FORD LYD 110 56 1132 80
108 119 95 ]

115

AVE 111 88 104 41

1977 PLYMOUTH FURY 44S 106 163 333 68
' 113 181 339 215

AVE 110 187 336 142

1977 PLYMOUTH FURY CALIF 90 74 94 52
7% 7?7 100 51

AVF 82 75 97 52

197R CHEVROLET ST W~CALIF 51 56 73 46
52 36 69 54

AVE 52 a6 71 S0
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Idle in drive, steady state-NOX--Table 63 1ists the NOX concentrations

when the idle is in drive. Except for the 1977 Ford, the concentrations

were comparable to the results obtained at 2500 rpm (See Table 62). .
TABLE 63 IDLE, IN DRIVE, STEADY STATE - NITROGEN OXIDES PPM
TEMPERATURE F 0 40 80 110
(C) (-18) (4) (27) (43)
1972 CHEVROLET IMPALA 185 163 121 92
174 160 143 77
AVE 180 162 132 as
1974 CHOVROLCT IMPALA 76 69 43 52
76 66 . 58 44
AVE 76 ot S1 48
1977 FORD LYD 794 167 77 373
789 753 665 80
754

AVE 779 460 37 227
1977 PLYMOUTH FURY a9s 103 210 106 110
115 149 122 63
AVE 109 180 115 87
1977 PLYMOUTH FURY CALIF 80 93 74 59
96 77 78 55
AVE 89y 85 76 57
19768 CHEVROLET ST W-CALIF 62 55 69 61
' 66 50 63 56
AVE 64 53 66 58
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Idle in neutral, steady state-NOX--Tables 64 and 65 show the NOX
concentrations at idle. The first set of data were obtained before the
2500 rpm condition was run while the second was run after the 2500 rpm
condition. Results between the two tables agreed reasonably well and
the reproducibility was good. However, concentrations were all low,
even for the 1977 Ford. o

TABLE 64 IDLE, IN NEUTRAL, STEADY STATE* - NITROGEN OXIDES PPM

TEMPERATURE F o - 40 80 110
(c) (-18) (4) 27) (43
1972 CHEVRULET 1MPALA 82 84 71 50
82 74 67 54
AVE A2 79 69 52
1974 CHEVROLET IMPALA a2z 28 42 35
) 44 38 - 37 33
AvE 43 3¢ 40 34
1577 FORD LTD 227 177 263 27
198 21n 117 a4

186
AVL 204 197 190 36
1977 PLYMOUTH FUKY 49S 71 74 61 52
83 69 62 a2
AVE 77 72 62 a7
1977 PLYMOUTH FURY CALIF 50 a7 a6 40
: 7< 46 50 a1
AVE 61 47 an 40
1976 CHEVROLEY ST W-CALIF 26 2e 30 31
31 23 31 27
AVE 28 26 31 29

*BEFORE 2500 RPM CONDITION
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IDLE, IN NEUTRAL, STEADY STATE* - NITROGEN OXIDES PPM

TABLE 65

TEMPERATURE F 0 40 80 110

() (-18) (4) (27) (43

1972 CHLVRULET IMPALA ga 75 72 as
79 64 66 57

AVE a2 70 69 53

1974 CHEVROLET IMPALA az 37 a9 a3
a4 37 34 31

AVE a3 37 37 32

. 1977 FORD LTD . 229 175 129 103
203 208 132 118
194 '

AVE 209 192 131 111

1977 PLYMOUTH FURY 49S 64 75 61 a8
83 70 59 49

AVE 74 73 60 49

1977 PLYMOUTH FURY CALIF 4n 46 43 41
48 44 46 40

AVEC at 45 45 40

1978 CHEVROLET ST W-CALIF 24 20 29 74
56 22 26 25

AVE a4z 21 28 49

*AFTER 2500 RPM CONDITION
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Unregulated Emissions

Federal Test Procedure-Aldehydes--

Table 66 and Figure 12 give the aldehyde emissions in mg/km for the
composite FTP. The 1974 Chevrolet and the Honda showed the greatest
aldehyde emissions; they were noncatalyst cars. Air conditioning
generally showed greater aldehyde emissions at 80 and 110°F (27 and
43°C) but less at 90°F (32°C). The total range for average values
varied from 19 mg/km in the 1980 Buick prototype to 285 mg/km in the
Honda. The car with the lowest aldehyde emissions, the 1980 Buick, had a

range from 19 to 78 mg/km. The Honda, with the highest aldehyde emissions,

ranged from 164 to 285 mg/km.

JAULE 66 FIP CUMPUSITE - ALDKHMYOLS MG/KM

TEMPERA TURE ¢ 0 20 a0 eo ro 8o 80ac 90 00AC 110 110AC
(CH(-18) -7 (a) (10} (21) 27» 27 (32) (32) (43) (a3)
1972 CHEVROLEY IMPALA 92468 103431  79.55 100.81 109.84 116,60 127.54 124,29 118.1Z 136.95 98.40
100,41 99.84 85,03  20.07 88,19 02.36 84.41  TT.1S  TT.51  88.30 89.39
AVE 96433 101.57 #2429 9beaa  99.01  99.48 105.97 100,72 97,82 112.64 93.89
1974 CHEVROLEY IMPALA 244,21 20060506 202.87 139,19 142,30 148010 - 158.08 - 198.97 .
1880/ 175.06 285,206 760.27 260.36 23113 . 17641 . 200430 .
. . . 263036 - - . . . . .
AVE 214.164 190480 244,07 220.94 201.23 179.06% . 167.23 . 199.66 .
1977 HONDA CIVIC 49 STATE 277.22 322.44 192.43 27038 141,30 170.94 . 152.50 . 170.83 .
270.8% 247461 272.30 214457 230.88 179.38 . 175455 . 195.23 .
AVE 274,04 28%.03 232.56 245.48 188.590 17S.16 . 164.03 . 183.03 .
1977 FORD LTD &9 STATE 149,97 106,80 99.96 110+32 118.96 91.79 98.03 70.01 B82.37 81.10 81.76
113.36 84046  84.50 96233 111.69 107,41 109.25 66e77 75,16 66.94  81.24
70.11 . . . . . . . . . N
AVE 111415 95,63  92.23 103232 115.32 99260 102.14 68.30 78.76 74.02 81.50
1977 PLYMOUTH FURY 495 12131 154.37 102.92 61.47 82.76 82.89 . e8.85 . 62.75 .
108.08 . 130.41 102.24  92.88 103.21 . 10042 . 85.99 .
. . . 65.235  46.86 . - . . . .
AVE 13469 114237 116606 82099 7417 93.0% . 94.64 . 74237 .
1975 BUICK V6 TURBOCHARGE  77.73 118476  02.98 14689 171.76 137.63 138.58 136.51 135.71 157.31 127.56
119.52 11138 68.40  60.03 6636 T0.22  95.60 115.13 9028  93.33 12317
111.42 . . . . . . . . . .
AVE 102.89 115.07 63,69 103.46 119,06 103.92 117.00 125.82 112.99 125,32 125.37
1977 PLYMOUTH FURY CALIF TA491 57453 56485 86461 69.10  A45.34  AT.IT 43,10 A4.18 35,37 4653
T7.82 5715 43,190 06287  61.1%  40.72  45.98  47.92 55.84 50,31 58,01
. . . - . . . - . . 49.08
AVE  70.37 57238  51.02  74.74  65.12 43,03  46.68 47.92 50.01 42.84 81,21
1078 CHEVROLEY ST W—CALIF  69.38  63.03 64,65 49.33 46.28 44.20 39.12 35.21 37.25 30.95 58.99
78.53 9516  61.59  50.74  57.35  50.68 58.82 50.14  63.56 40,81  50.88
AVE  73.95 79409 63.12 50.08 51.79 30.44 48.97 4T.18 50.40 35.88 52,58
1078 FORD PINTO CAL 3 WAY  73.04 STa07 68417  63.59  50.61  33.22 31.92 50.37 38,43 42.34 45,67
69.83  61e14  48.40 67.95 7729 4T7.07 ST.02 46.46 31.04 34.356 31.08
88.00 - - - - - . 29.9% . . 81.20
AVE  78.99 59.10 56.79 65.77 63.95 A0.15 44.47  41.59 35.06 38.45 82.68
1078 vw RABBIT CAL FU-INJ S1.04 48,11 57.60 97.28 98.90 70.1% . 78.18 . 63.62 .
: 00466  T6.32 57.50 160.48  SA.T1 6634 . 83.00 . s3.10 .
AVE  $8.00 ©62.22 57.65 133.38 78.81  68.2% . 65.59 . 68.30 .
1079 DUDGE ASPEN CALIF. 116,80 11175 96.35  TT.24 73422  80.79 129.12 18l.14  99.185 §16.22 105.38
T9.T3  Tlea6  T2.15  96.45  96.40 90.93 89.07 82.73 101.20 113.03 138.13
AVE  98.26 91.61 54.25 86,80 84.80 85.86 109.10 111.95 100.17 114.12 121.85
1960 NERCURY PROTOTYPR . 40012 62,25 O6A.TE  BP06  41.aY  H4.96  S5T.73  41.08  62.87 44.9)
. 5249 . . T8.47  3V.83 . . - 39.42 ST.72
ave . 50e31 52425 64.75 0737  39.66 54.96 B87.73  41.08 S1.14  81.33
1980 BUICK REGAL PROTOTYP . $9.19 62.88 23.01 81.60 50.17 19.19 42.79 S1.15  56.78 . 54.36
. 40.70 . . 26.83 33.78 . . . 39.16  102.01
AvE . 49.97  52.88 23,01 34.26 5198 19.19 #2.79 S1.15 4797  78.18
DATSUN  PROTOTYPE 53,02 10080 76.32 57.06 45.36 40417 . 150.27 . o822 .
62,66 49.97 57.01 95.64 75.38 112.41 . 125.83 . 28.04 .
. - 80.84 . . . - . . . .
AVE 57.84  75.38 T71.39 T6.35 60.47 76.29 . 138.05 . 4613 .
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(Data points not connected by a line are results of air conditioning runs.,) |

Figure 12, Effect of ambient temperature on aldehyde emissions for
the comppsite FTP,
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Federal Test Procedure-Hydrogen Sulfide--

The first four cars tested were evaluated with a gas chromatographic
procedure that was known to work with hydrocarbon gases. Unfortunately,
nitrogen oxides found in automotive exhaust gas destroyed the H,S. We
were not aware of the problem until these cars had been tested. Therefore,
there are no data available for these four cars.

With four exceptions, every test on the remaining cars gave hydrogen
sulfide concentrations that were below the sensitivity level of the EPA
recommended procedure. A1l of the other values listed in Table 67 are
based on the minimum detectability levels of the procedure.

TABLE 67 FTP CUMPUSITE - HYDRUGEN SULF IDE MG/KM
TEMPERATURE F ° 20 .0 60 70 80 BOAC 90  o0AcC 110 110AC
(cre-18) -7 ) €16y (21 (27 (27 321 (32) (43) (a3)
1972 CHEVROLET IMPALA . . . . . . . . . . .
: - - - - » - -
Ave . . . . . . . . . . .
1974 CHEVROLET IMPALA . . . . . . . . . . .
. . . . . . . . . . .
. . . . . - . . . . .
AVE - - - - - - - . . - -
1977 HUNDA CIVIC 49 SYATE 0.24 0.28  0.26  0.26  0.27  0e25 . 0.2 . 0.2 .
0e23 0423  0Ge23  0.25%  0e2%  0.2% . 0.26 . 0.2 .
AVE 0423  0.24 0425  0e2b  0.26  0e25 . 0.25 . 0.25 .
1977 FORD LID 49 STATE . . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
ave . . . . . . . . . . .
1977 PLYMOUTH  FURY 495  0.08  0.03 0410 . . . . . . . .
0.02 . 0.03  0.03  0.2% 0.03 . 6.03 . 0.03 .
. . . 0.03  0.03 . . . . . -
AVE  0.05  0.03 0406 0.03  0.02  0.03 . 0.03 . 0.03 .
1978 BUICK V6 TURBOCHAKGE 0.24 0e25  0.24 0425  0.25  0e24  0e25  0e27 0429 10e06 0029
17093 0428  0e25  0.26  0e27  0e27 027 0427  0.28  0e20  0.28
0.22 . . . . . . . . . .
AVE  6u33 0425  0e25  0e2B  0e26 026  0.26 0627  0e29  3e17  0e28
1977 PLYMOUTH FURY CALIF . . . . . . . . . . .
. . . - . . . . . . .
. . . . . . . . . . .
AVE . . . . . . . . . . .
1978 CHEVROLEY ST W—CALIF 0422 0422 - 028 0-26  0.27  1.30  9.58  0.27  0.26  0.2T  0.26
0.25 . 0.26  0.30  0.30  0.27  0.28  0.27 0427  0.26 0426
AVE 0.24 De22  0e2?7  Oe2B  0e2B  Oe¥B  4e93  0e27  0e26  0e26  De26
1978 FORD PINYO CAL 3 WAY  0.24 0e26 0425  0.23  0.2%  0.23 024  0.2%  0.23  0.27  0.26
0.2 0.25  0.24 0a28 0426  0.25%  0e28 0425 0428 028  Oe2?
0.2% . . . . . . 0.27 . . 026
AvE 0.24 0425  0e2% 0e264  0e2%  0.28  0e28 0023  0e25  0s26 0426
" 1978 v RABBIT CAL FU-INJ  0.26  0.27  0.26  0e26  0s26 0426 . 0.28 . 0.26 .
0e26  0O.24 0e2%5  0.26  0.26  0.26 . 0.26 . 0.26 .
ave 0e26 0426  0e25  0.26  0e26  0.26 . 0.26 . 0.26 .
1979 OODGE ASPEN CALIF. 0.25  0.24  ©0.24  0.24  0.23  0.24  0.22  0.24  0.24  0.23  0.23
0e23  0Oe28  Os26 0428  0.24  0.27  0.26  0.24  0e23 022  0.22
ave 0a26 0.24 0.24  0.26  0.28  0.25  0.264  0.26  0.23 0e22  0e23
1980 MERCURY PROTOTYPE . 0425 0,27  0e25 0026  0e26 0e26  0.25  0.28 027  Oo28
. 0.24 . . 0.27  0.28 . . . 0.27  O.27
ave . 0.2 0027 078 0426 0e20 0626 025  0e28 0227 027
1980 BUICK REGAL PROTOTYP . 0e27  0.26 027 0426  0e27  0e28 028  0.27  0.26  0.38
. 0.29 . . 0e26  0Oe26 - . . 0e25  Oe26
AVE . 0.28  0.26  0a27  0e26  0s27  0.28  0.28  0.27  0s.26  0e31
DATSUN PROTOTYPE 0.23  0e264  0.24 0e264  0e26  0.2% . 0.23 . 0.28 .
0.25  0.24  0.24 0.26  0e26 0425 . 0.26 . 0.25 .
. . 0.2% . . . . s . . .
AVE  0.24 0e24  0O.24 0e25  0e23  0.2% . 0.24 . 0.25 .
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Sulfate Emission Test-Sulfate~--.

Table 68 and Figure 13 show the sulfate emissions in mg/km. The
noncatalyst 1972 and 1974 Chevrolets had very low sulfate emissions.
The Honda had at least three times the sulfate obtained with the two
noncatalyst Chevrolets.

Of the catalyst equipped cars, only the 1978 Chevrolet, the 1980
prototype Mercury, the 1977 (California) Plymouth, and the 1979 Dodge
Aspen produced sulfate emissions greater than 1 mg/km. There is no clear
relationship between sulfate formation and ambient temperature. The
1978 Chevrolet and the 1977 (California) Plymouth had the most sulfate
at 40°F (4°C). The other two cars produced over 1 mg/km of sulfate at
80°F (27°C), with and without the air conditioning. The Datsun, the
1980 prototype Buick, the VW and the 1977 (49 State) Plymouth gave
sulfate emissions as low as those obtained with the two noncatalyst
cars.
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rafaLr 68

SULFATE EMISSIUN TFST

~ SULFATLCS MG/KY

TEMOERATURE F o 40 30 B0OAC 110 110AC
(Cr(-18) (a) (27) t27) (a3) (a3)
1972 CHEVRCLET [MFALA Ne06 0.05 0.06 0.0G 0.10 O0e12
0.05 0405 0.0¢ 0405 0.96 0.09
AVE 0.05 0.05 0426 2.07 0.07 0.10
1676 CHEVROULFT IMPALA 0e0? 0,02 Oe 0% . 0.06 .
0.01 0.07 Ve 04 . 0.05 .
AVF 003 0.05 0.04 R 0.06 .
1977 HONDIA CIVIC a9 STATE 0e42 0.30 o0.2¢ . 0.25 .
0416 0.15 0.21 . 017 .
AVF 0.29 0.73 0.21 . 0.21 .
1977 FORD LTE: 4% STATE 0s77 0.27 Ge k6 0.35 0.54 0.27
U.30 0.21 20.26 034 010 0.21
Nel2 . . . . .
AVE 0441 0.24 0.4 025 0«34 0.24
1677 PLYMOUTH FURY 495 Oeth 0el2 0.1 . 9.30 .
0e12 0.08 0.21 . 0.28 .
AVE Jet 0.1C 0.2¢C . 0.29 .
1678 BUICK V6 TULRHBCCHARGE Ne24 0.41 0.24 0.+29 0439 0.20
0.18 0434 0els 0.20 0.34 Oetz
025 . . . . .
AVF 0.72 De37 0.22 0.25 0.36 0.16
1977 PLYMOUTH FURY CALIF 1.06 1.83 0.28 0e0u 018 0415
0.7 2.40 Oedz Jel2 0413 0.16
- L ] £ 2 L ] - 0.“’
AVE 0.92 2411 0. 15 0.10 015 016
1678 CHEVRGLET ST w=CALIF Bey 23.18 8.16 311 Q.78 0.48
4e92 17.18 8e 35 4477 0420 0.02
AvVE 6.96  20.18 Be2s 1.%4 0.54 0.45
1678 FORD PINTC CAL 3 WAY 015 0.22 0436 0.59 0.64 1.26
0e17 0.29 1.15 0489 0.37 0.72
0.27 . . . . .
AVE 0.20 0e25 0.7€ 0.74 0.50 0.99
1978 VW RABBIT CAL FU-INJ 0438 D31 Dot . 0.16 .
033 O.14 0.16 . Ne21 R
AVE 036 0e22 0e18§ - 0.18 .
1979 CODGE ASPEN CALIF. 0.20 0.24 1.€9 0495 0435 0.40
0.18 0.71 3.36 2.07 9.35 1.40
AVE 0419 0.a8 2.%2 1.51 0.35 0.90
1980 MERCURY PROTOTYPE . 1.04 Rel6 B.86 3.97 2.29
. . 3.98 . 9.06 5.25
AVE . 1.04 6.07 8.86 6.51 3.77
1980 BUICK REGAL FROTOTYP . 0.30 0e11 0.15 0.21 0.40
. . 0.07 . 017 0.25
AVE . 0.30 0.0% 015 0e19 0.32
CATSUN PRGTOTYPE Je09 0409 .12 - 0.38 .
0.06 o.oq 3.‘5 - 0.2‘ L ]
. 0.09 . .
AVE 0«03 0.09 O.14 - 0629 .
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Figure 13, Effect of ambient temperature on sulfate emissions for
the sulfate emission test,
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Sulfate Emission Test-Particulates-~

The particulate emissions, listed in Table 69 and illustrated in
Figure 14, show a variety of results. The noncatalyst cars, even though
they were run on unleaded gasoline, had average particulate emissions
that varied from 8 to 23 mg/km. The three 49 State cars varied from 2 to
36 mg/km and the five California cars varied from 3 to 33 mg/km. The
three prototype vehicles varied from 3 to 22 mg/km. Air conditioning
did not produce a consistent effect. _
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TABLE 09 SULFATE EMISSTaM TESY = PARTICLLATES MG/KM
TEMPERATURE [ Q 40 80 HOAC 1to 110AC
' (CY(-18) (a) (27) (27) (43) (43}
1672 CHEV“O;CT ImeaLa 7 o9 G €S 10417 10,43 30.95 11,44
1080 7«54 5458 16 .3 1156 24,65
AVE Gel6 BeS9 7«38 1339 2125 18.05
1974 CHEVROLET IMFALA 2397 17.82 15038 . 2250 .
1944 Y53 31e32 . 16625 -
AV E 2170 13.¢7 23.13¢ . 1937 -
1977 HONDA CIVIC 49 STATE 32654 13.482 1526 . 2204 .
14429 760 11713 . 913 .
AVE 23.413 10.71 13.5¢C - 1558 .
1977 FORD LTD 45 STATE 1.90 20.07 9576 24.23 38148 24.10
19.06 ll.9€ 1541 18420 G.9% 14,77
11031 . . . - -
AVE 1075 16.02 35.59 2122 24 403 19 .44
1977 PLYMOUTH FURY 495 10.38 7.47 7.26 . 16.67 .
782 765 7«96 . 1S.60 .
AVF 9410 Te56 763 . 1614 -
1678 BUICK V6 TURECCHAKRGE 2461 4 «A5 4.4?7 4459 t1.64 8430
1ed4 4420 1.44 3466 24,00 784
3.‘14 L] . - . -
AVE 2«41 4453 2e9Y 4458 17.82 He07
1977 PLYMOUTH FURY CALIF Ha00 le6s1 Hd.44 640 10.79 219
192 $e20 Je £2 4497 14.63 1558
. - . . . 1.18
AVE 4e9hH Je40 fHeN33 HeT2 12.71 0652
197A CHEVROLEY ST w-CALIF 18.02 33,97 14s1¢2 12460 Be82 Qe 28
Te72 31 443 PelS B.23 11.72 2244
AVE 12.87 22.70 11.04 10.41 10.27 11.38
1978 FORD PINTO CAL 3 wAY B <96 12437 2lets? 483 .05 12.7€ 9.82
13.53 25433 882 12.15 2089 52 426
1735 . . . 3 v
AVE 1328 18 .85 1510 30.10 1632 31.04
1978 VW RADBIT CAL FU-INJ 2546 23.81 S¢61 . 10.11 .
24475 €e 985 7. 38 . 14.63 .
AVE 25410 15.33 6«50 - 1237 .
1979 DODGE ASPEN CALIF,. 4.00 6e 74 7.00 10.17 12.49 13.71
5480 45 39 1195 11.01 A. 86 1692
AVE 4.90 2606 Qe47 10.59 10.67 1531
1980 MERCURY PROTOTYYPE - 12.04 22.01 16.69 8.82 8,37
: . . 1095 . 1634 1107
AVE - 12.04 16.51 16 .69 12.58 Q72
1980 BUICK REGAL PROTOTYP - 22.00 3.5¢ be248 7.89 10.24
. - 10.58 . 7430 1245
AVCE . 22.00 7«07 He24 7 85 11434
CATSUN PROTOTYPE 3.06 64,69 9. 24 - 26421 .
: 275 3.39 11.98 . 17443 -
- 6.42 . . . .
AVE Jeal S«50 1060 . 2207 .
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Figure 14, Effect of ambient temperature on particulate emissions for
the sulfate emission test,
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Hydrocarbons by Chromatography--

Tables 16, 17 and 18 (presented earlier) show the hydrocarbon
emissions in g/km for all three phases of the FTP. It is of interest to
compare the relative amounts of the different hydrocarbons as a function
of test temperature. Complete chromatographic data for each test are
given in Appendix C. Selected results will be discussed here.

Methane--Table 70 1ists the percent methane that was obtained using
the cold transient phase of the FTP. The three noncatalyst cars had
relatively small methane contents (2.6 to 12.9%) in this high emitting
phase of the cycle. The catalyst equipped cars generally had more
methane; from 7.4% for the 1977 Ford at 0°F (-18°C) to 36.3% for the

1979 Dodae Aspen at 90°F (32°C) with air conditioning.

TABLE 70 GAS CHROMATNDARAPHIC ANALYS IS

COLD TRANSIENTY FTP - METHANE- %X BY wT

TEMPERATURE F 0 20 a0 60 70 80 80AC %0 90AC 110 110AC
(ci(-18) -7 €a) t16) (211 27 22 32y 32) (a3) (43
1972 CHEVROLET IMFALA 9.7 11.7 . 8.8 7.2 7.5 2.8 8.2 7.0 6ea 6.7 8.2
10.8 10.7 10.0 7.3 4. 2.5 St 4.4 4.3 3.5 2.8
AvE 10.3 11.2 9.4 7.2 5.8 2.6 s.1 S.7 S Sel 8.5
1974 CHFVROLET IMPALA 11.9 9.4 te9 ne.8 Se1 5.2 . 3.7 . 3.5 .
1004 10.4 13.8 7.6 7.3 3.3 . a.6 . 3.5 .
. . . 6.4 . . . . . . .
AVE 11.2 9.9 10.4 7.6 6.2 4.3 . 2.1 . 3.8 .
1977 HONDA CIVIC 49 STATE 1043 8.4 7.1 7.7 . Be 9.2 - 1642 . 9.3 .
9.0 100 a.8 7.3 7.9 9.2 . 2.6 . 10.0 .
AVE 9.6 9.2 5.8 7.5 8.3 9.2 . 12.9 . 9.6 .
1977 FOND LTD 49 STATE 7.9 7.6 8.1 8.7 8.6 8.1 10.6 10.4 8.7 8.3 9.9
. 6.8 7.2 7.9 8.0 7.8 7.3 8.0 8.9 7.0 7.3 8.3
7.5 . . . . . . . . . .
Ave 7.8 7.4 Aed 8.4 8.2 Ter 9e3 27 7.9 7.8 9.1
1977 PLYMOUTH FURY 493 9.2 14,1 13,1 7.2 14,4 10.2 . 18,9 . 12.7 .
11.0 9%.s 13.0 7.0 11.2 7.2 . 11.9 . 13.8 .
. . . t1ets 1501 . . . . . .
AVE 1041 t1en 1.6 "ot 1.0 a7 . 13,2 . 13.1 .
1976 BUICK V6 TUKBNCHARGE 7.t 8.3 12,6 1044 10.4 1240 12,1 16,2 15.0 13.0 1607
LI ne7 7.7 tlefi 1149 1240 15.4 1en 1.2 13.0 17.8
8.4 . . . . . . . . . .
avF At 8.8 10,1 11.2 11,0 " 17.0 14,2 t3.6 14.8 13.3 17.2
1977 PLYMOUTH FURY CALIF 11.3 13,2 17.2 13,0 15,7 23.9 21.0 23.2 22.7 279 2047
1%4 19.1 21,7 1.6 e/ 2440 1841 16,8 20.9 12.1 21.6
. . . . . . . . . . 15.0
AVE 1206 16.2 19,4 13.4 13,7 2841 19.6 1607 21.8 20.0 19.1
1978 CHEVROLET ST w~CALIF 1.3 9.6 18, 18,0 11.7 1407 3.2 11.3 1041 9.3 15.5
9.0 9.4 1540 9.8 ta.7 12.2 13.8 8.1 11.3 12,4 14.8
AVE 6ot 9.5 18.9 11.7 1247 138 13.5 2.7 10.7 10.8 1501
1978 FORD PINTO CAL Y WAY 11.1 18,2 17.A 2346 1A 13.2 17.9 21.5 2648 7.1 24,5
10.5 1.3 t6.2 1549 19.8 3042 1703 19,4 28.1 20.6 19.2
99 . . . . . . 30.4 . . 24.8
AVE 10.8 13.3 17.0 19.8 19,2 217 1746 23,7 27.4 13.9 22.8
" 1678 Vw RABBIT CAL FU~INJ 8.7 1.6 11,5 15,1 1740 12.0 . 13,4 . 9.7 .
10.0 11.4 11.2 11.8 1.8 109 . 10.7 . 10.1 .
AVE 9.4 11.8 1e.s 13.8 11e9 1153 . 12,0 . 9.9 .
1979 DODGE ASPEN CALIF, 1.2 130 t3.6 2142 a7 $4.1 2645 29.4 19.6 8.0 34.2
1641 19.6 1646 14.4 11.3 13.2 16,6 2841 32.9 3.2 38.0
AVE 12.7 1643 18,1 1.0 72048 23.0 21.4 28,7 36.3 33 34,6
1980 MEHCURY PROTCTYRE . ta.9 14,8 11,7 aren 2240 2043 1%.8 1440 2.0 15.1
. 15.9 . . 21.6 26.7 . . . 97 14,3
Ave . 1.4 18,9 Vo7 297 2440 2043 1.8 1640 9.7 18,7
1960 BUICK HEGAL FROTOTYP . :2.: 1. 18,7 :r.l 1208 Veu 1241 1343 tie7 12.8
. . . . . 112 . . . 18.4 1808
AVE . 13.8 114 18,7 1242 11en 9.9 1241 1343 136 1307
DATSUN  PAOTOTYRE Ten ne2 1145 12.2 10.0 12,4 . 179 . 1041 .
8.0 Hot 1007 1140 1.1 133 . 12.8 . 15,1 .
. . 112 . . . . . . . .
AvE 7.0 8.4 ez 11.8 10,9 131 . 12.8 . 1241 .
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of

(Table 17).

Table 71 compares the methane percentage for the stabilized phase

the FTP.

cars had only small percentages of methane.
generally had very low total hydrocarbons in this phase had quite large
fractions of methane.
varied from 10.9% for the 1977 ford to 75% for the 1978 Buick. Clearly,
the small amaunt of hydrocarbons present in this phase has a very high
portion present as methane.

TAoLE 71

SYABIL {ZIFN FYO - METHAND- ¥ HY wY

GAS CHPNMATOGHAPHIC ANALYSIS

This phase of the FTP had the lowest total hydrocarbons
Except for the Honda, with about 10% methane, the noncatalyst
The catalyst cars, which

Above 80°F (27°C) the percentage of methane

TEMPERATURFE ¥ ] 20 a0 »o ro 80 B80AC 90 Q0AC 110 110AC
teye-1n8) (=7) {8) (16) (21) (27 (27} (329 {32y (43) (3
1972 CHEVROLEY IMPALA 6.3 4.4 AR 4 6.2 7.0 Se0 3.8 9.0 7.9 11.2 111
1.9 S.8 9.0 5.4 2.8 16 a0 5.0 46 L1% ] 2.8
AvE LYY 5.1 6ot 8,A a.,A 33 4l 7.0 603 8.3 7.0
1674 CHEVROLET ([MPALA 4.1 1.8 2.6 248 et 3.8 . 4t . 3.2 .
4,1 3.0 2.8 244 2.1 3.0 . 4.0 . 5.3 .
o . . 1.6 . . . . . . .
AVE 4.2 2.1 2.7 2.3 2.6 3.3 . 4.0 . 4.3 .
1977 HONDA CIVIC 49 STATE 11.6 8.5 12.3 7.8 10.5 117 B 108 . 10.3 .
10.3 1.9 7.l 949 12.0 107 . 10,0 . 9.7 .
AVE 11.0 10.2 a7 1.9 11.2 111 . 10.2 10.1 o
1977 FORD LYD 49 STATE . 1040 the3 15,5 160 15.9 16s7 1602 166 11.0 10.9 tle2
97 11.9% 11.% 1643 1641 17.7 16.3 15.8 135 - 10.9 10.8
9.1 . . . . . . . . . .
AVF 9.6 13.9 13.5 16.95 16.0 17.2 16.3 1662 12.2 10.9 110
1977 PLYMOUTH FURY 495 1443 23.0 3641 2447 10.3 31.9 . 37.2 . 20.2 .
19.1 t%.0 16.8 28.1 197 34.7 . 34.7 . 2403 .
. . . 26.3 35.9 . . . . . .
AvE 16.6 19.0 26,4 28,1 28.5 33,3 . 3640 . 2243 .
1678 BUICK V6 TURBOCHARGE ~ Jles 29.3 38,1 61e7 59,2 70.3 67.0 ‘A%t 68.1 76u1 75.6
2%.0 42.6 315.9 $9.8 a7.3 84,8 39.6 a%.4 568.2 7440 74.2
24,1 o . . . . . . . . .
AVE 28.8 3%.9 37.0 60,7 93,2 67.% 53,3 54,3 63,1 78.1 74.9
1977 PLYMOUTH FURY CALIF 32.3 0.7 241 5.0 40.% 49.7 IS0 38.3 36.0 2146 3849
37.4 5743 $3.0 24.0 3.4 S0.8 24.6 49.3 2146 31.6° a1.8
. . . . . . . . . . 40.5
AVE 34.8 44,0 a2.6 29.8 1%.9 8.2 30.0 49,3 28.6 2607 40.8
1978 CHEVROLEY ST w—CALILF 334 52.0 27.8 38.6 8.5 3942 83.4 83.0 61.5 3.4 $7.8
22.2 18.9 2246 19.06 35.5 27.6 38,3 8.7 A7.2 $3.8 60.4
AVE 27.8 35.3 25.2 2%8.7 317.0 33.4 459.9 29.4 5403 48.6 89.1
1978 FORD PINTD CAL 3 WAY 11.0 29.8 34.9% 43.6 [P} 1.8 33.3 40.4 St.3 42.6 Sl
18.2 19.7 24.5 al.1 33.4 34,4 40.0 as.7 57.8 2649 56.8
190 . - . . . . 52.8 - . 38.4
AVE 1661 22.6 29.5 42.4 38.4 33.1 37.1 46.2 54,5 38.8 49.8
1978 V¥ RABBIT CAL PU~INJ 3.5 aT.1 42,7 44.6 35.9 30.5 . 29.9 . 11.6 -
17.8 50.9 57.0 47.8 35.8 28.0 . 162 . 164 .
AVE 24.6 49.0 A9.6 46,2 35.8 29.2 . 231 - 141 .
1979 DOOGE ASPEN CMLIF. 50.2 8608 80.¢ av.1 37.6 84,6 [Y TS Si.8 (1% 48,3 88.8
585,93 39.8 a1 .6 43.0 83,2 S4,.7 56.9 53.4 52.8 49.9 89.2
ave s2.8 48.2 461 46.0 as. 4 64,7 50.3 52.6 49.0 49.1 87.8
1980 WRCURY PROTOTYPE . as.7 82,2 60.6 19.4 62.4 4449 a1.2 47.8 s2.8 S4.7
. 4101 . . 64, 87.2 - . . 4S.9 48.3
AVE . 43.4 52.2 60.6 41.8 59.8 44.9 a1.2 AT.8 49,3 5146
1980 BUICK REGAL SROTOTYP . 38.9 32.90 6149 61.6 60.9 77.1 46.6 60,2 82.9 37.7
. 34,6 - . . 62.9 6%.5 . . . 70.5 318
AVE . 36.4 32.0 6149 62.2 63.0 77.1 46.6 60.2 61.9 3406
DATSUN PROTOTYPE 48,2 4%9 3%.95 48.9 3.7 82.7 . 49.9 . 49.7 .
39.7 41.6 46,1 81,2 58, 0 51.0 . 60,2 . 42.5 .
. . 22.2 . . . . ‘e - - o
AveE 42.4 42,8 34.8 48.5 49.3 51.9 . 54.9 . 46,1 .
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Table 72 gives the methane percentages for the hot transient phase
of the FTP. The noncatalyst cars continued to produce low concentrations
of methane. The catalyst cars generally produced much larger percentages
of methane. The 1977 Ford was an exception and, as previously discussed,
may have had a deteriorated catalyst.

TABLE 72 GAS CHROMATOGRAPHIC ANALYSIS
HNY THANSIFNT FTP —~METHANT- X BY WV
TPMPERATURE I [ 20 a0 00 70 80 AOAC 90 90AC 110 110AC
(Cr(~-18) - (-7) a) (16) (21 (27) (¥ 24 (32) (32) (a3) (a3)
1972 CHFVROLTT [MPALA o0 3.9 A X 5,0 ‘8.8 4.9 3.9 5.3 6.5 8.4 8.8
3.4 1.6 27 2.7 201 1ot 4.7 a7 4.0 4.8 3.8
AVE 4o 2.8 el $.8 3.8 Ye3 4,3 4.0 5.9 6.6 6.3
L1976 CHEVNNLFT (MPALA 4.1 2.1 2.6 3.0 e 2.8 . 2.7 . 542 .
3.4 2.7 2.7 2.4 2.9 2.0 . 243 . 4l .
. . . 2.8 . . . . . . .
AVE 3.A 2.9 246 2en 2e 2.0 . 2.5 . a7 .
1977 HONDA CIVIC 49 STATF 13.1 1.1 9.8 195 Uty 9.2 . 2.0 . 9.3
13.0 10.7 10,0 93 9.9 Der . 9.5 . 7%
AVE 13.1 1149 9§ ) 9.6 9.3 . 9.3 . 9.0 .
1677 FORD LTND 49 STATE 10.5 12.8 De® Bett R840 9,0 8.% 7.2 7.0 8.8 T8
9.4 Aet 9. € 8.7 Yen 7e2 6.8 7.7 6.9 Ge8 9.0
Te5 . - . . . . .« - - .
AVE 91 1 0.4 9.5 8.8 HeQ fed 7.5 7.8 6.9 7.8 8.6
1977 PLYMAUTH riRY 495 1046 14.06 134 12.7 12.8 105 . 11.5 . 1245 .
18.9 12.0 14,4 14.0 14.6 14.0 . 13.2 . 13.5 .
. . . 9.1 1542 . . . . . .
AVE 12.8 13.6 13.9 11e9 18,2 122 . 12.3 . 13,0 .
1978 AUICK Y6 TURBUCHARGE 1441 19,4 25.8 3647 3.3 3a.1 30.9 31.6 34,1 35.7 2841
Se2 2143 21.13 10.2 27.% 2%.4 32.2 19.9 3153 36406 347
5.3 . . . . . . . . . .
AVE A, 2 18.3 27.6 372 . 29.8 2R.8 .6 28.7 32.8 36.1 31.4
1977 PLYMOUTH FURY CALIF 5.7 17.1 0.0 t2.t 1% 4 11,2 1044 ?23.1 18.9 1246 15.0
16.8 33.7 37,3 13.4 16e9 13.2 12.7 10,3 22.6 2003 15.6
. . . . . . . . . . 18.06
AVE 1iet 29,4 et 12.8 14.8 122 1es 10.3 20.7 164 16.6
1978 CHFVNOLFT ST Ww=CALIF 17.%8 1249 4.0 47.9 24.0 22en 33.6 29.2 45.8 3645 371
1%.6 1t.2 1247 12.A 2143 19.4 21.9 t9.4 6.6 397 4644
AVF 185 12.0 9.3 1249 22.7 2140 27.8 22.% 4642 38,1 a1.8
»
1978 FORD PINTN CAL Y WAY 2.6 2801 29,7 .7 13.6 LTS ] 33.3 2.7 46.8 3401 4249
24.9 1849 20.% 22.4 17.9 3200 38.0 40.9 1.5 2540 45.0
9.4 . . . . . . an.s . . 31.7
AVE 26.9 23.9 2%.1 29,1 29546, 29,2 38.7 43,2 LY TS 29.6 39.7
1978 vw HABDIT CAL Fu-INJ 1891 20.0 19.5 2341 1646 1440 . 14,7 . 9.6 -
18.4 21.4 20.8 11.% 1643 13,1 . 11.0 . 106 .
AVE 18.? 20.7 20.2 20.0 16.4 13.A . 12.8 . 10.1
1979 NDONGF ASPEN CALIF. 43.0 6641 33.5 313.4 27.8 29.4 27.0 30.7 42.8 38.5 38.2
19,0 24,3 2242 24.8 15.0 32.4 32.1 4.7 32.6 36.2 ' 37.7
Ave 41.0 48,2 7.9 29.3 31.9 3. 29.6 32,7 37.7 374 37.9
L]
1980 MERCURY PROTOTYPF . ::.9 1841 21.9 23.% 549 25,3 18.6 17.7 13.5 24,8
ave . .3 . . 40,2 20.2 . . . 28.0 23.0 .
. 16e1 1.1 21.9 3149 131 25,3 18.6 17.7 20.8 23.8
1980 @11CK REGAL PROTATYP . ::.: 17.7 24.8 i:.: 2941 38.4 27.9 3.1 18.5 2141
. . . . 23, 28.2 . . - 253 16.9
AVE . 16.2 17.7 24.8 ?29.1 2R.6 38.4 27.9 31.1 21.9 19.0
DATSUN  PROTCTYPE z:.s 23.9 216 27.2 22. 8 3041 . 32.2 . 23.3 .
19.6 22.3 22.9 26.7 3047 30.% . 39.1 . 30.9 .
. . 2047 e . . . o . . B
AVE 22.5 23.1 2t.7 2445 26.6 30,3 . 8.7 . 28.1 .

117



Saturates--0f the remaining nonmethane . hydrocarbons, a very large
fraction was saturates. Data in Table 73 show that whether the car had
a catalyst or not, the saturates (excluding methane) accounted for 23.3
to 53.6% of the total hydrocarbons for the cold transient phase of the
FTP. Saturates were a major component of the test fuel.

TABLE 73 GAS CHROMATOGRAPHIC ANALYSIS

COLO TRANSIENT FT? - SATURATES- X AY wY

TEMPERATURE F 0 20 a0 LY 70 80 80AC 90 90AC 110 110AC
(CrI(=18) =71 (e (16) (?1) (273 (27) t32) (32) (43) (43)
1972 CHPVROLFT [MPALA 2.3 3.9 5.9 1.0 3.4 S4.0 25.9 5.9 36.3 391 38.0
A0.1 343 1.9 4.1 4.6 30.4 38,3 3741 38.0 49,5 39.0
AVE Ate2 34t 3.9 1%.0 8. % 5246 31.9 3.5 3741 42.3 37.3
1974 CHFVROLEY IMPALA 36.7 Y a1.9 7.0 46,1 494 . 48,1 . 80.1 .
43,7 a1.8 “,? 8.7 43,0 48.8 . an.e . LYER .
. . . 4249 . . . . . . .
Ave 4042 3.4 3840 3944 44,4 49,3 . a6.8 . 50.6 .
1977 HONCA CIVIC 49 STATE AL 4400 40.4 Y4.% 30.8 27.1 . 21.4 . 28.2 .
a1.8 18.9 9.8 3807 29.9 27.2 . 2% 3 . 2408 .
AVE 40.3 1.4 43,0 31801 1003 27.2 . 22,3 . 2404 .
1977 FORD LTD 49 STATE 48.3 aB.2 a7.R 39.5 a0.2 alet 4.t 34.2 38.8 39.9 35.9
50.2 48.8 49.0 4149 22.9 a2.8 43.4 38.0 3409 38.1 39.2
47.2 . . . . . . . . . .
AVE 48.6 28.5 ah.4 40.7 41.3 1.9 4242 38.1 36.8 39.0 37.6
1977 PLYMOUTH FUKY 495 a2.2 8.1 3643 36.7 31.8 ana . 29.6 . 3402 .
. 43.9 48.9 40.9 48.9 32.2 42.0 . 34.3 . 30.8 .
. . . 381 2741 . . . . . .
AVF 4%.0 43.5 38.6 19.6 10.4 a1.0 . 1.9 . .32.8 .
1978 AUICK V6 TURBOCHAHGE LYY 4243 a1 36.7 38.5 3643 33.8 35.7 36.7 38.8 32.0
430 a0.7 aS.e 368 38.9 34.6 32.0 39.0 33.3 37.5 31.9
al.1 . . . . . . . . . .
AVE 43.9 a1.s 43,3 6.8 3.2 35.5 32.9 37.3 35.0 38.1 31.9
1977 PLYMOUTH FURY CALIF 4%.3 5.2 39.8 418 s1.0 AT.2 38.1 36.6 35,13 3sa1 35.8
a7.2 318.9 3.2 49,2 4604 35.9 43.3 42.4 32.3 46.8 37.6
. . . . . . . . . . 39.4
AVE a6.3 42,0 °© 3849 a8.% 48.7 4143 40.7 a2.4 33.8 40.9 37.6
197 CHFVAOLEY ST w-CALIF 1.4 a6.7 .0 40.4 36.6 3.2 3.9 48.0 a6.4 s2.4 3408
49,0 a7.0 0.5 st 394 4%.3 42.9 4.3 s2.8 46.0 39.8
ave 55,2 a7.2 42,2 40.9 3m.2 4.3 3.8 8.7 as.6 9.2 3743
1978 FORD PINTO CAL 3 WAY an.n 40.4 35.0 I8 42,3 a8.2 43.3 46,6 39.2 A7.8 43.2
PYYS | av.s 39,2 43,2 39,4 37.6 4302 a6.8 38.2 48,3 as.e
4803 . . . . . . a6.7 . N 38.1
AVE 7.1 43.9 3741 3703 20.8 42.9 a3.2 a6a7 38.7 46.0 42,2
1978 vw RAUBIT CAL FU~INJ 40.0 38.1 37.1 389 23.3 37.3 . 317.3 . 3407 .
38.2 37.6 39.6 3804 3%. 6 3801 . 34.e . 32.7 .
AVE 39,1 37.8 38.4 7.7 ar.0 37.7 . 3s%.8 . 33.7 .
1979 DODGE ASPEN CALIF. a1.3 39.7 35,2 4.4 33.4 3.2 3a.s 30.9 32.9 29.6 27.8
39.9 3800 35.7 a1.A 462 a2.7 38.9 32.6 32.7 315 29.2
ave 40.8 36.8 3s. s 38.1 39.9 39.0 8.7 31.8 32.8 30.5 20.8
1980 MERCURY PROTCYYPE . 30.5 33.3 46.0 49.9 s1.3 s2.8 s3.8 53.6 S4.9 49.6
_ . 35.5 . . 81.8 48.9 . . . S1.6 53.3
AvVE . 33.0 33,2 46,0 5049 50e1 82.8 53,5 $3.6 53.3 S1.5
1980 BUICK REGAL PROTOTYP . 30.9 35.3 S1.3 31.a 36.6 39.9 39.6 33.3 35.9 36.6
. 29.0 . . 35.6 37.9 . . . 32.8 36. %
AVE . 29.9 35.3 S1.8 13.9 37.2 39.9 39.6 33.3 3a.e 36.6
DATSUN PROTOTYPE 49.7 52.6 3.3 19.2 1.6 a3.1 . 1.0 . 38.3 .
s2.7 50.6 46,2 6.7 as.8 LTS . 3.6 . LY .
. . a7.9 . . . . . . . .
AVE 5142 51.6 5.8 2.9 3s.1 43,0 . 37.2 . 1.2 .
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The stabilized FTP results which are presented in Table 74 show a
It is of particular interest to compare Tables 71 and
74. The sum of the methane and saturates frequently totaled over 90% at
Since the

similar trend.

the higher temperatures, particularly for the prototype cars.
total hydrocarbon emissions were low in this test phase, there was
Tittle reactive material present in the remaining hydrocarbons.

TABLE 74
—
STARILTZED FT - SATURAT®S- % AY wT
TEMP EQATURE F o 20 a0 1] ro a0 B80AC %0 90AC t10 110AC
tcrt-18) (-7 (a) (W ¥} t21) tem) (27) (32 (32) (a3} (43)
1872 CHEVROI FT {MPALA 2447 27.6 2944 LTS ez 40,0 18.5 28,4 FLYR ] 27.58 27.3
Al.R 78.0 2%5. % 25,9 LL TN %0.3 2041 274 28.9 37.5 38.7
AVE 3640 2%.8 278 b} J3.2 LL TN} 19.4 27.9 26.6 32.5 315
1974 CHFVIIULFY IMPALA 3.a au.H a9,y 4.6 43e4 37.2 . e7.1 . 82.2 .
301 32.8 ar,3 an.? LT ad.8 o a3, . 40.6 .
. . . N2> . . o . . . .
AVF. .8 4143 AB, 3 4%.3 4,0 LTS . 4S.1 . 46.4 .
1977 HONDA CIVIC 89 SYATVL 30.1 37.7 17.4 138 12.4 15.8 . 17.” . 19.0 .
. 1.9 3.9 12.% 15.2 14.9 15.0 . 1641 . 195 .
Ave 30.R 35.0 14,6 18,7 13.7 154 . 16.6 . 1946
1977 FORD LTD 49 STATE 43.4 50.3 54.4 4041 Yie? 50e4 3641 19.9 38e7 39.4 378
at.a 48, 41 .0 At 7.3 40.a 35.0 34.6 35.9 36.2 37.6
45.0 . . . . . . o . . .
Ave a3.a an.1 48,1 9.5 14.% 45.4 35.6 37.2 37.3 37.8 37.7
1977 PLYMOUTH FURY 498 tet 40,9 0. % 82.% 3246 4246 . 37.9 . 26.8 .
35.% 35,9 3547 39.a 3t 6.0 . 36.4 . 27.0 .
. . - 1%.4 9.9 . . . . . -
AvVr 3.6 4.4 .1 9.2 LYY S Tets . 372 . 26.9 -
16719 HUTEK VA TURBDCHARGF 328 44,4 4240 1540 2047 3248 31.9 344 3tat 2445 21.3
15,4 28,8 Vet 4041 114 4.1 30.4 48,3 376 23.0 24.0 -
LYPY . . . . . . . . . .«
AVE a2 36.4 30.4 375 Ytlen R PR 3.2 43,2 34.4 23.7 22.6
1UT7 DLYMOUTH FURY CALIF 8.7 53.7 4n,. 8 ahe % Ihen 42.48 Se.1 £2.6 42.8 651 2606
33.5 1R 3a.4 h%e4 421 3441 66. A 7.9 6844 46.0 3%.6
. . - . . . . . . - 37.95
AVE LY 4%,9 ar. e %6.0 as.a 40.13 60.4 37.9 5846 55.6 32.6
16780 CHFVRULETY ST w=CALIF 4y aheb ‘AG 9 5043 are? 4.4 42,3 44.9 33.4 50.7 26.9
. % P 6% % 5441 2.7 971 LTI A 51.0 ARG .7 Al1.4 85,0 28.2
AVF Gle% 8549 60.0 61.% 2.4 7.0 86,7 63.8 37 .4 7.9 27.58
[97H FORD PINTO CAL 7 wAY 29eR LTI a4yt a7.7 .6 £8,9 S3.8 58,3 86458 52.0 41,7
’ Iu.2 42.0 50.0 LR 20.7 587 54,2 5347 42.8 5549 40.%
44.2 . . . . . . 49,2 ‘e . S1.3
AVE 37.7 %$0.9 49,0 %040 %4 .3 573 5440 52.4 44.8 53.9 44.5
197A Vw WARALYT CAL Fu=INJ 271 24418 3.2 26.9 10,9 35.3 . 13.9 - 32.58 .
: 2743 27.9 “27.0 310.7 3841 4.9 . 6.3 . 33.2 .
AVE . 27.2 2640 30,3 2148 13.0 I%.1 . 3441 . 312.8 .
1679 DONGE ASPAFN CALIF. 4.1 35.0 44.9 494 30e 6 42,2 36.5 a5.4 37.3 4.9’ 32.0
3646 4947 4544 4544 42.0 19246 39.7 L3 PTd LY Y% 4 41.2 36.7
AVE 4.9 42.4 45.1 a7.7 4943 40.9 IB. 41,3 41.0 43.1 3443
© 1980 MCRCURY PROTCYYPE . 359 37.1 47,3 6A.A8 40.1 aled 33.6 43.2 asal 5.0,
. 3642 . - 7.1 41.8 . e . 45.7 479
AVF . 36.1 3741 42473 82.9 31.0 4l.1 53. 6 43.2 44,9 4644
1980 68ICK HEGAL PROTOTYR ., 41,9 30.9 1908 19,4 an.H 2642 49,6 32.3 41.8 48.8
. 46.1 . . 42,7 335 . . o 31.6 S1.9
Avr . 43.8 37.9 19.4 atedl 37.7 2647 49,6 32.3 3647 %0.1
NATSUN PROTOTYPF Se.t 5605 (A4 St.0 18,98 a8.0 . at.2 - 42.6 .
5902 57.4 5540 48,0 45.1 4a.7 . 39.7 . 36.7 .
. . 315.5 T . . . . . . .
AVE 57.0 S6e? 50.°F . 47.5 41.8 6.4 . 40 .4 . 39.5 -
—
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Table 75 shows the percent of saturates in the hydrocarbon emissions
obtained during the hot transient phase of the FTP. Again, a very high
fraction of saturates was found for all vehicles. This reflects the
nature of the gasoline.

TABLE 75 GAS CHHUMATOGHAPHIC ANALYSIS

HOT TRANSIENT F YD =SATURATFS- X HY wT

TFMPERATURE F ° 20 a0 60 .70 a0 A0AC 20 90AC 110 110AC
(Cr(-18) t-7) ta) (to) (21 27y (F24) €32) (32) (43) (a3)

1972 CHEVROLET IMPALA 40.0 33,7 a2.1 7.4 14.5 5.7 .3 2.3 34,5 3643 35.8
4.3 40.5 33.0 3940 23,2 LA 33 3%.4 13,3 44,5 a8.0
avr LYY 4.t 7.9 1847 AUTR 4241 7.4 8.9 33.9 a0.4 1.9

1974 CHEVROLFT [MPALA 46,1 5241 LY aR.7 5501 e 2 . 87.8 . s2.8 .
46.8 82,1 4.5 “3.7 491 564 . qR. . 54.2 .

. . . 9.7 . . . . . . .

ave 4645 5242 [T 0.5 5202 674 B 1.0 . 5345 .

1977 HONDA CIVIC 49 STATC 19.9 1802 26.2 24,2 2443 2740 . 2802 . 2048 .

20.5% 22.6 29,4 23.7 2648 73,4 v 238 . 27.2

Ave 2042 20.9 2641 240y 2545 2545 . 7509 . 2840 .

1977 FOKD LYD 49 STATF 08.9 49,3 %5, 7 50.9 5246 50e0 46.9 3.6 42.8 5.2 48,1t
8.9 49.0 0.0 a6 48,0 auen 50.9 50.0 48,0 47.3 a2.2

50.8 . . .- . . . . . . .

AVE 40,2 49,2 2.0 LYY 49. 490 8.9 %5043 45,8 4643 aS.1

1977 PLYUBUTH FURY 495 20.0 45,4 a0, 85,4 83,5 9.3 . 9.2 . 39.0 .
45.2 40.4 40,4 s 16.9 5041 . 42,3 . 2949 .

. . . 15,2 39.6 . . . . . .

AVE 4246 42.9 40.3 8.5 40,0 au.7 . 4%, 8 . 34.5 .

1978 HUICK V6 TURBOCHARGE 43.8 a5.4 48,9 84,0 84,6 50.3 an.0 ah.? 4249 3.6 40.9
4948 ar.? 1.1 Arey 49,3 42,2 43,1 527 4240 38.6 38.0

) 52,2 . . . . . . . . . .

AVE 8.9 46" 43,0 (L 47.0 ar.y as.0 9.7 428 39.1 39.a

1927 PLYMOUTH FUHY CALIF 30.0 38,9 ] a67 60l 08eh 7.4 ane? 2.1 [T 5%.5
87.7 . 4am.a an.1 a2.0 W20 A 7.8 AL a2.3 4249 LIPY)

) . . . . . . . . . an.4

AVE 43.8 52.8 7.4 4.3 Hhes B0 87.6 ALY 7.2 81.0 Si.6

1978 CHEVROLET ST w—CALIF 56.0 6.0 81,2 2.0 0. A S'eely %1.0 37.0 41448 49%. 4 43.0
8He 2" “70e2 64 .2 66843 6“2e 3 H0.H BH 54,3 35 46 4% 4% 3244
avr 6141 6646 3.7 %0.4 blad 60.2 5449 57.7 38.7 ar.3 7.7

1978 FORD PINTO CAL 1 WAY 54,2 59.4 5349 531 9240 a7 49,3 503 45,6 55.2 a3.7
438 aB.? G4.A 6640 LY 97el 51.0 Tt 5245 53.6 48,5
6041 . . . . . . S149 . . 83,5

s AvVE 5247 LY 4.4 LT 6041 Ba.4 30.2 %1.0 49,0 54,4 a7.2
1978 Ve RAHBIT CAl FU~INJ 43.9 478 2.1 25.0 A 1.9 . 401 . 36.7 .
39.4 6.7 “7.n 40,1 39.3 1.2 . 35.8 . 34.5 .

AVE 42.2 43,8 48.9 42.9 20,3 441 . 38.% . 35.6 .
1979 DONGE ASPEN CALIF. 46.5% 2646 S1.0 49.2 5348 50.8 56.2 5246 19,3 40.9 40.0
50.4 55.3 55.¢€ 5041 42.9 P a8.2 1S.6 45,9 8146 2.3

ave 48.5  4t.0 53.7 40,7 49,13 49.4 5242 49.1 a2.6 a1.3 al.1

1980 MERCURY PROTOTYPE . 51.2 5546 49,1 51.2 5545 3.9 55,7 5846 53.3 5341
. 60.0 . . 1.3 5243 . . . 44,9 46.5
AVE . 55.56 S8.9 49,1 a6.3 3.9 a8.9 85.7 59.6 9.1 49.8

1980 AUICK HEGAL PROTOTYP" . 40,3 %0.9 5045 as.4 5249 43.9 57.3 a7.7 5040 a4,y
. 5647 . . Stal 5041 . . . 50.8 4841

AVE . $7.5 50,9 5045 4R, 2 G1e5 43.9 S7.n 47,7 50.4 a4,

DATSUN PROTCTYPE 56.A 6342 6R.4 haet 53.7 5841 . s9.4 . 60.0 .

58. 1 66.0 * 6%.3 8941 4040 LT . 52.0 . 52.8 .

. . 70.2 . . . . . . . .

ave 57.9 LYY A0 81.9 L] 573 . 3.7 . S6.4 .
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Acetylene--Tables 76-78 present the percent of acetylenic compounds
in the ﬁyﬁrocarbons present in the exhaust gases. At one time, acetylene,
the principal component in these tables, was thought to be a good tracer
for automotive exhaust in the air. This was because non-catalyst cars
produced acetylene concentrations which varied from 2 to 14% of the
hydrocarbons present in their exhaust gases, as shown in all three
tables. However, with the advent of catalysts, the amount of acetylene

TARLE 76 GAS CHHOMATNLIFAMILC ANALYS S

COLD THANSTIFNT 1T « ALITYLINF X TOTAL w~C

TFMPERATURF F (] 20 40 hi) 0 Ko ROAC 90 YOAC 110 110AC

(CH(-18) -7 148 t1a) 21) 271 (?r) €17 {32) (a43) (43)

197?72 CHEVROLEYT IMPALA 11e53 189 el 8.0 te Nes 57 7.0 3.8 6.0 6.A
1% 13.6 1t.3 Aer L4 2.0 el 4.2 3.9 ETR ] 1e?
AVE 12.4 142 106 Bel 6o 9 2.5 Se 8 Set. 8.7 4.7 4.3

1674 CHEVFOLFT TMPALA 12.9 1198 7.9 9.0 562 Sel . 3.5 . 2.6 .
11.5 12.3 16e 18 6Ge? LTy 2e? . 4.2 - 209 .

. . . 6ol . - . . - . .

AVE 12.2 119 1243 71 Seh 3.9 - .8 . 247 .

1977 HONCA CIVIC 49 STATE 7.4 B2 6el L) Se GeR . Tes . 6e8 .
7.0 6e? 4e9 6N %6 7.1 . He? . Le 6 -

AVE Te? 5.9 Seh Aol e Hetd . bHeY . Ge S .

1977 FORD LTD 49 STATE 2% 243 2.1 N7 Ne C. R 0.A Ne9 0.6 0.9 07
Yol 2.0 2e7 Len 13 07 De? N7 00 O S 1ol

2.9 . . . . . . . . . .

AVF 244 ?e1l 2.8 Ne® tev Ne Ot NeA [+ FY A [ P4 0.9

1977 PLYMOUTH FLRY 495 6.7 10,2 Ve 6 2. He D ea . Sl . 3.9 .
T Teb 11.0 TR | L) 2ef . 2.0 . 3.1 .

. . - Aot Hel . . . . . .

AVE 7.0 A 10.4 “af Heo 3 . EXY.} . 3.6 .

1978 HUICK V6 TURBDCHARGE e Tl a2 1041 LN Ne 4 A.n R.a 60 362 3.1
Te O Te? 7.1 WA Q.1 Te? Y0 6e0 LYY L) 4.1

AdT . . . . . . . - . .

AVE 6o Ted bel 10,0 A 6 Bel Heti Te? 6ed 4.l Jeo

1977 PLYMOUTH FURY CALLF, Sl 4,2 3.4 29 N.0 9.0 2.3 2e% 3.3 40 4.3
%e2 6.0 % ? A1 3o Teb 2.0 3e? 4.0 1e7 2.2

. . . . . - . - . . 45

AVF %02 501 a4 3.2 1.7 1.7 2.4 e 2 .7 2e? 3.7

1978 CHEVRNOLFY ST w-CALLF 1.2 Se8 6e?2 Aah 4.4 3o 9 3.0 243 1.5 1.2 2.4
Se7 Be? Gae s A RY ‘.2 248 1.7 1.2 1.3 1«6 1.7

AVE 25 Sed het 8.1 4.3 Je8 2.4 1.7 lea 1.4 201

1978 FORND PINTO CAL 3 wAY 2eh 22 Ta? 7e4 1.0 26l 2.3 1.7 13 1.7 0.9
Y7 3.9 5.4 Te 3el EXL 3.2 1.7 ts0 1e3 1e9

T2 . . . . . . 1.0 . . 2.2

AVF 3.2 hES} 6.6 53 Sl 2aF 2.7 t.S 1.8 1.9 1.7

1978 V¥ RABRIT CAL FuU=INJ 3.5 3.8 lea BB 4.0 2.9 . 3.7 . 1e3 -
o7 3.9 4.2 3.3 3e 5 V.3 . 1.9 . 13 .

AVE 3.6 1.9 1.4 4.4 3.7 3.1 . 26 - 1.3 .

1979 DNDGE ASPFN C(ALIF,. 1.2 1.8 1¢2 fe P Y2 2e8 Te5 202 1e5 260 1.8
le6 3.3 3.0 LA 247 2.2 3.1 2.1 1.7 2.8 Le6

AVE 148 2.8 2.1 el Ve 2.7 1.3 262 1.6 202 1e7

1980 MFRCURY PROTCIYDF . Aol Hae2 20 le1 4.0 ?e1 Se 2.7 2.8 Q0
. 8% . . 2ot 209 . . . 2.0 1.9

Ave . A.1 Be? 240 2.8 Jen Dol %e? 242 2e¢9H 2.0
1980 BUICK RFGAL PUOTOTYP - 4, 4.6 feN el Lo 202 2els 33 3.0 1e0
. Yoy . . 2.7 2¢% . . . 2.9 243

AVF . Qe .6 2.0 2e% 2e? 2.2 2as Yo 3.1 2.1

DATSUN  DROTOTYPL 2.3 12 Qe 39 19 Va1 . 1.0 . [ -1 -

2.2 1an 1.0 1e2 tel 0.9 . N.7 . Oel -

. . Le? . . . . . . . .

AVE 2.9 1e4 1.4 2% 1.2 1.0 . 0.n . [ ] .
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in the.ékhaué
and 78,

SOV

t gas has dropped dramatically. This is shown in Tables 77
Where the time to warm up the catalyst was important, the

results presented in Table 76 show that acetylene was still produced,

sometimes in large amounts.

GAS CHROMATOGRAPHIC ANALYSIS

TABLE 77
STARILIZED FYP ~ ACETYLFANE % TOTAL NC
TEMPEHATURE F * [ 20 .0 60 70 Ao 80AC 90 9OAC 110 110AC
(Cr(-18) (=7 (a) w6 t21) [¥14] «2n 329 32y (a3 (43)
1972 CHEVROLET IMPALA 6.2 [y AY) el 6.9 %l 4.0 7ot 6.8 849 8.1
1.9 8.9 9t 5.0 28 Lo 4.0 4.2 3.8 4.8 2.0
AvF 4.0 8.2 6.0 5.2 (Y% 4 3.3 4,0 5.9 Sel 6.7 s.1
1974 CHEVROLET (MPALA 3o 1ed 2.1 2.8 Yol T3 . 247 . 2.0 .
32 2.9 2.3 2.4 1.9 ey . 3.1 . 3.3 .
. . . (Y . . . . . . .
AVE Tet 2.1 2.7 2.2 2.4 3.l . 2.9 . 2.7 .
1977 HONDA CIVIC 49 STATE 7.9 r.2 LY 9.4 7.0 9.6 o .0 . 7.0 .
6.0 8.4 5.7 Te7 TeH 8,6 . 6o o © 73 .
AVE 7.0 7.8 Tt 8.5 Te s 91 . T8 . Te2
1977 FORD LTD 49 STATE 0.1 0.0 0.0 0.0 0.0 0.0 0ol 0.0 0.1 0o 2 0.3
0.1 0.9 0.0 0.0 0.1 b.0 0.4 0.4 0.2 0.0 0.3
0ot . . . . . . . . - .
AVE 0.t 0.2 0.0 0.0 0.t 0.0 0.2 0.2 0ol 1%} 0.8
1977 PLYMOUTH FURY 49S 1.2 1.0 1.4 0.7 0.9 0.0 . 0.9 . 0.9 .
0.6 1e2 1.1 1.8 1.0 1e2 . tel . 101 .
. . . 1.0 1.0 . . . . . .
AVE 0.9 tel 1.2 te2 t.0 0e6 . 1.0 . 1.0 .
1978 BUICK V6 TURBOCHARGE 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
’ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0e0 0.0
0.0 . . . . . . . . . .
AVE 0.0 000 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0. 0. 0.0
1977 PLYMOUTH PURY CAL IF 0.0 0.0 040 0.0 1.9 0.0 Oes 0.0 1.1 040 146
4.9 0.0 0.0 9.6 0.4 0.0 0.8 0.0 0ed 0.9 0.5
. . . . o . . . . . 0.7
AVE 2.8 0.0 0.0 0.3 1ot 0.0 0.6 0.0 0.6 0.5 0.9
1978 CHEVROLET ST w—CALIF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 040
Ave 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
1978 FORD PINTO CAL 3 WAY 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 o . . . . . 0.0 . - 0.0
Ave 0.2 0.0 0.0 0.0 Ne0 0.0 0.0 0.0 0.0 0e0 0e0
1978 VW RABBIT CAL PU~INJ 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 . 0.0 .
1e2 0.0 0.0 0.0 0.0 0.0 . 0.0 . 0.0 .
AVE 0.6 0.0 0.0 0,0 0.0 0.0 . 0.0 . 0.0 .
1979 OODGE ASPEN CALIP. Q0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
040 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 000 0.0
AvE 0e0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0e®
1980 NERCURY PROTATYPR . 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0
. 0,0 . . 0.0 0.0 . . . 0.0 040
AVE . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1980 BUICK REGAL PROTOTYP . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
. 0.0 . o 0.0 0.0 . . . 0.0 0.0
AVE . 0,0 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0 0.0
DATSUN PROTOTYPE 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 . 0.0 .
040 0.0 0.0 0.0 0.0 0.0 o 0.0 . 0.0 .
. o 0.0 . . - . . . . .
AVE 040 0.0 0.0 0.0 0.0 0.0 . 0.0 . 0.0 .

II
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TARLE 78

GAS CHROMATOGRAPHIC ANALYS IS

HOY TRANSIENT FTP ~ACPTYLENF X TOTAL HC

TEMPFRATURE F Q 20 40 60 70 AD B80AC 90 90AC 110 110AC
(Cr(~18) (=7} (a) {16) (211} (27) «27) (32) (32) (43} -€43)
1972 CHEVRCLETY IMPALA 6e2 4.0 3. ¢ 449 6o 1 «5 4.1 3.6 Se6 7.0 T8
4.0 1.8 2e9 2.8 2.3 1.6 4.4 402 3.9 4.1 3.1
AVE Sel 2.9 3.2 3.9 8.2 3.8 o2 .4 4.8 Se6 Se2
1974 CHEVROLET IMFALA 2.8 21 2.3 246 2.1 2.4 . 1.8 . 3.1 °
O 246 243 2.2 2.2 240 1.6 . 1.6 . 243 °
. . . 1.9 . . . . . . .
AVE 207 22 2.2 22 2.0 2.0 o le? . 2e7 .
1977 HUNDA CIVIC 49 SYAYE T4 Be%3 6.6 7.0 be7 5% . S8 . 543 °
843 Te2 67 6.7 % 9 6.3 . 8.9 0 S8 .
AVFP 7.8 Te9 6Ge7 6.9 He3 S5.9 - %.8 - Se 4 .
1977 FORD LTD 49 STATE Ol C.8 0.4 0.4 .3 [ L] 0.3 0.3 0.3 0.4 193
0.4 0.3 0.5 0.3 0.6 0.3 0.3 Ge3 0.2 G.2 0.8
0.3 . . . . . . - . . .
AVE 0 0.3 Ge Ced 0e% 0.8 Oe3 03 Oed 0.3 1.2
1977 PLYMOUTH FURY 493 2.8 1«3 18 1.3 1e6 Lot . 1e3 . 29 .
1.4 2.2 16 2.1 3.0 0.8 . 16 . 3.8 .
. . . 6ol 146 . . . - . .
AVE 19 Le? 17 3.1 201 12 . 15 . 3.1 -
1978 BUICK V6 TURBOCHARGE 8.6 0.6 0.4 0.0 0.0 0.0 0.0 0.9 0.2 1.4 1.7
1e4 0.2 0.6 Ol 0. 4 3.1 1.0 0.2 13 0.7 0.8
2.8 . . . . . . . . . °
AVE 2.8 Oeo 0.3 0.1 0.2 1.6 0eS 0.8 0.7 1.0 1.2
1977 PLYMOUTH FURY CALIF 0.3 0.9 1ed 0.8 040 0.0 te2 1.2 0.9 0.8 0.8
1.8 2.0 1.9 0.7 0.9 2.0 1.1 0eS 1.4 1e3 0.7
. . . . . . . . - . 1e2
AVE lel le#' 146 0.8 045 140 1el 0.8 162 0e 9 0.9
1978 CHFEVROLEY ST w-CALIF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0
0.7 0.0 0.0 9.0 0.0 0.0 0.0 0.0 00 0.5 00
AVE Oe«s 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0
1978 FORD PINTO CAL 3 way 0.0 0.0 [ 2% ] 0.0 0.0 .2 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 . . . . . . 0.0 - . 0.0
AVE 0.0 0.0 0.2 0.0 0.0 Oat 0.0 0.0 0.0 0.0 0.0
1978 vw RABALIT CAL FU-INJ 0.0 0.0 0.0 0.0 0.0 0,0 . 0«0 . 0s 6 .
0.0 0.0 0.0 0.0 0.0 0.0 . Oet . 1.0 -
AVE 0.0 0.0 0.0 0.0 0.0 0.0 . et - 0.8 .
1979 DODGE ASPEN CALIF, Ce 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0
AVE Ge 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o @
1980 MERCURY PROTOTYPE . 0.0 0. 4 0.0 [ ] 0e2 0a2 0.1 042 0ol 0.0
. 0.0 . . 0.0 0.0 . . . 0.3 000
AVE . 0.0 0.0 0.0 Ot 0.l 0e2 0.t 0.2 0.2 0.0
1900 BUICK REGAL PROTNTYP . Q.0 0.0 0.0 0. 0 N.0 0.0 0.0 0«0 0e0 000
. 0e0 . . 0.0 0.0 . . . [ 7Y ] 0.0
Ave - 0.0 0e 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DATSUN PROTCTYPE 0.0 0.0 0.9 0.0 0.0 0.0 . Ce0 . 0.0 .
0.0 o.0 0.0 0.0 0.0 0.0 . 0.0 . 0.0 .
. ° 0.0 . . . . . . - -
AVE 0.0 000 0.0 0.0 0e0 0.0 . Ge 0 . 0e 0 .
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Qlefins--0lefin data for the three phases of the FTP are given in
Tables 79-81. The noncatalyst cars had exhaust gas with typical olefin
fractions which varied from 13 to 48%. Except for the 1977 Ford, 1977
(49 State) Plymouth and 1978 VW, the catalyst cars generally produced
much lower olefin levels, particularly in the stabilized phase of testing.

YABLE 79 GAS CHROUMATOGRAPHILC ANALYSIES

COLD TRANSIENY FTP ~ OLELFINS~- X BY w7

TEMPERA TURE F 0 20 40 60 70 a0 A80AC %0 90AC 110 310AC
(CH-1n) -7 () t1e) (21) (27 27 (32) (32) a3 a3
1972 CHEVROLET 1MPALA 20.4 190 15.8 24,0 28.2 25.4 20.% 30.7 2641 26.2 290.7
2044 19.3 17,7 18.9 13.6 10,5 1743 ta.t 1402 t3.8 e.2
ave 2043 19.2 16,7 21.% 20.9 1842 189 22.4 20.2 20.0 19.0

1974 CHEVRULET IMPALA 1760 16.5 21.8 26.2 218 22.6 . 2205 . 213 .
16.4 1643 18.8 24.7 27.8 22.0 - 22.2 . 19.8 .

. . . 20.5 . . . . . . .

Avr 18,0 16.4 20.3 23.8 24.8 2249 . 2243 . 20.5 .

1977 HUNUA CIVIC 49 STATE 20.0 20.3 21.6 232 2445 2R.4 . 3248 . 33,6 .
19.7 228 9.5 19.4 22.8 2r.9 . 29.8 . 3a.7 .

AVE 2041 21.4 1R.6 21,3 23.6 282 . 1.1 . 3a.t -

1977 FOKD LTD a9 STATE 2008 21.2 21.7 27.9 27.2 2541 22.4 28.8 29.1 27.4 29.0
20e8 22.2 23.a 24.9 2444 24.0 25.2 2%.a 2402 24.6 26.8

21.% . . . . . . . . .. .

AVE 204 21.7 22.0 26.4 25.4 24.4 238 27.3 2646 26.0 27.9

1977 PLYMOUTH FURY 49¢ 1403 18.8 23.9 19.5 2441 2049 . 27.8 . 29.1 .
17.2 17.3 16.0 13.2 18.0 19.4 . 26.1 N 28.5 -

- - - 18.6 2ba1 . - - . - -

AvL 15.7 18,1 19.9 17.1 2244 20.3 . 27.0 . 28.8 .

1978 HUICK Vo TURHUCHARGE 12.4 11.6 1342 11.4 12.3 1e.a 15.4 19.8 19.5 22.5 20.9
12.4 t1es 11.4 1.6 13.2 18.6 16.4 18.6 15.9 16.5 23.4

1341 . . . . . . - . . .

Ave 17.6 1.8 12.3 11e% 12.7 18,5 15.9 17.7 17.7 19.5 22.2

.

1977 PLYMOUTH FURY CALIF 17.3 18.5 1941 16.6 9.7 7.4 19.7 20.4a 19.5 18.3 18.9
17.2 19.4 19.4 1401 15.3 19.5 16.1 14.3 2404 135.1 17.3

. . . . . . . - . . 2041

Ave 17.3 19.0 19.2 1504 12.5 13.% i7.0 14.3 21.9 12.7 1.6

1976 CHFVRULET ST w—CALLF 108 15.9 20.0 17.7 13.7 17.3 16.7 1248 12.2 “.0 22.5
1907 15.8 18.9 15.6 17.9 157 168 ta.7 17.4 1641 18.1

Ave 13.2 15.6 19.5 16.7 15.8 1645 16.8 13.7 12.8 12.6 20.3

1976 FORD PINYO CAL 3 WAY 15e0 20.2 19.8 10.0 9.6 6.8 10,5 Q.6 6.5 5.6 8.7
16048 t6e7 18.8 2.7 9.5 10,5 Het 8.9 95 133 8.3

15.5 . . . . . . 6.9 . . 10.9

ave Ihett 8.8 19.3 9.8 9.4 Ba? Yot A.a 9.0 9.a 9.3

1978 VW HABRIT CAL FU=-INJ 17.6 17.5 te.3 21.0 19.2 20.1 . 21.6 . 24,7 .

[ 20,2 19.5 THet 19.0 te.as . 21.9 . 25.3

AVE 18.0 18.9 190 19.% 1914 1941 . 21.8 . 25.0 .

1979 DOLGE ASPIN CALIF. 23.0 2640 288 2.6 0.8 9.4 10.7 10.2 8.6 11.0 13.2
2743 19.4 23.7 Ao 0 7.1 red 2.3 11.2 10.8 10.4 13.8

ave 220y 22.7 26.1 8.8 ey Hea 10.0 10.7 9.7 10.7 13.4
19H0 MEMCURY PROTOIYPE . 19.6 1he? 10.9 Hes Hes 9.z ves 9.2 9.0 9.7
. 17.5 . . 9.1 red . . . 10.1 10.6

N3 . 1het 1.7 10,9 He? rer 9.2 2.3 9.2 9.6 1001
19R0 HUICK REGAL PNOTOTYS . 2249 20.8 9.0 22.4 19.9 1643 18.7 17.0 18.7 16.7
. 29.8 . - 20.6 19.5 . . . 1745 20.9
AVE . 24.4 20.n 9.0 218 19.7 16.3 16.7 17.0 t6.6 18.8

DATSUN  PROYOTYPE ta.0 11.8 1423 e 7 et . 9.1 - 6ot .

13.2 13.5 122 1003 neo o.n . 7.0 . e .

. . 13.8 . . . . . - . .

Ave 13.6 12406 13.4 9.6 Aol 9.3 . 8.1 . 7.5 .
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TABLE 80

GAS CHRUMATOGRAMHIC ANALYSES

STABILIZED FYP - OLEFINS- X @Y wY

TEMPERATURE F ] 20 40 00 70 a0 B8OAC 90 Q90AC 110 1310AC

(CH{—-18) (=73 {s) (i6) t2n) 27 27 132) «32) (43) (43}
1972 CHEVROLET IMPALA 231 1841 14.3 23.1 3241 22.3. 17.4 3249 28.1 32.8 32.7
8.9 23.0 32.0 18.6 11.4 8,0 164 17.0 1504 153 88

AVE 160 2040 2341 20.9 21.7 152 169 24,9 21.7 24 .0 20.7

1974 CHEVROLET IMPALA 2009 16.9 22.2 34.5 2106 23.8 . 22.1 . 14.4 .
219 25.8 217 21.8 2041 2243 . 23.0 - 251 .

. . - 16.9 . - . - . . .

AVE 21.6 213 219 2404 20.9 23a.1 . 22> - 19.8 .

1977 HONDA CIVIC 49 STATC 28.0 24, 49.0 46,1 B0.4 42.8 . 47.8 - 45.6 .
27.06 27.2 34.0 48.4 45.0 49,1 . 4Te6 . 4603 .

AVE 27.08 2%5.9 4241 4r.2 4T.7 46,0 - aT.7 . 45 .9 .

1977 FOKD LTD 49 STATL 17.6 1648 12.1 168 4.8 16.8 2242 19,3 29.4 27.2 20,0
1ot 1662 18.2 1%.3 189 17.8 2249 167 2640 239 2606

16.9 . - . . . . . . . .

AVE 169 165 152 16,0 16,6 17,3 22.6 18.0 2%.0 250 273

1977 PLYMOUTH FURY 495 30.8 24.0 14.8 12.8 19.7 1840 . 155 . 314 .
24.6 27.9 22.) 3137 22.7 16+3 - 1600 . 27«4 .

- . - thel 13.2 . . . . . .

AVF 277 255 1. I8 2 18,5 120 - 1%.7 - 29 .0 -

1978 AUICK V& TURBUOCHARGE 3.0 3.5 e 4.7 Be) 208 Sae?7 2.8 4.7 Set 5.9
4.3 2.4 | X% 3.9 3.2 3.3 ?2ed 7> 48 3.0 4.9

o) . . . - . . . . . .

AVE R PY.) 3.0 2.8 4.3 Beb 3.0 4e) Be2 4.0 B2 Bae2

1977 PLYMOUTHN FURY CALIF 32 29 3.9 L2 0.0 108 e 208 106 202 315
3.t 4.0 EPY L% 4 6.2 27 BSe7? 6.7 S8 Te9 11.8

. . . . . . . . - . 10.9

AVL 3.1 3.3 3.7 7.2 31 240 5.0 6e7 8.0 Se1 1801

1978 CHEVROLET ST w-CALIF 4,5 2.8 7.0 7Y ) 5.9 Sel Ged 4.2 4.9 246 13.4
S5 T.? 8.7 3.3 56 Sed 10.7 402 6.8 69 13.2

AVE S0 5.3 Te9 4R 5.0 Se3 8e0 a2 Be7 4.8 133

1978 FORD PINTO CAL 3 wAY 3.8 5.2 69 6.9 33 62 5.8 245 3.0 3.0 3.3
173 165 12.3 3.7 4,7 5.0 2.8 2.0 245 Tet 1e7

15.9 . . . . . . 2.7 . . e

AVE 12.3 10.9 0 Se3 4.0 Seb 43 2.6 27 Se3 3.2

1978 Vv RABBIT CAL FU=~INJ Te9 OGed 12.06 1408 . 167 . 329 .
4.0 2.9 11.4 138 . 22.0 . 24 o4 -

AVE 5.9 4.7 11.7 12.0 14,3 - 19.2 . 2867 .

1979 ODODGE ASPEN CALIF, 549 5.8 6ed Se06 4.0 4D 3.8 4o 2.7 el 3.9
a7 Teb 9.1 5.0 Dot 3.8 6.5 3.2 2.9 45 4.0

AVE 5.3 YY) Te8 Se3 4.7 [T ) Se1 3.7 2.8 4.8 3.9

1960 MERCURY PROTOTYFE . 2.0 2.2 12 4.0 0.0 3.0 4.9 9.8 (X3 ) 3a0
. 108 . . Tel 19 - . . 3.4 8.2

AVE - 201 2.2 12 29 13 3.0 4.9 QPets 3.8 600

1980 BUICK REGAL PROTOTYP . 5.7 13.2 0.0 0.0 0.9 0.0 3e4 20 2.0 8e2
. 3.0 . . 0.0 22 . . . 25 9.0

AVE . 4.3 13.2 0.0 0.0 1«0 0.0 3.4 261 203 6.0

DATSUN FPROVOTYPE 4.0 40 3.0 1.9 2.8 teb . 1.0 . 2.0 .

Se% 3.7 3.2 3.5 248 L ¥ . 2.8 . 42 .

. - 1ol . - - - . . . .

AVE 47 3.9 2% 2.7 240 3.l . 19 . 3ol .
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TABLE 81

GAS CHROMATOGRAPHIC ANALYSIS

HOT TRANSIENT FTP -OLEFINS- X BY wV

TEMPERATURE F [ 20 a0 60 70 80 B80AC 90 90AC 110 110AC
(cre~-101 -7 (YY) (16) (21) (27 27) (32) (32) a3y ta3)
1972 CHEVROLET IMPALA 26.6 179 173 256 31.3 28,2 23.8 28.4 27.5 30.1 29.3
16.6 8.1 12.0 13.7 11.3 9.1 1741 17.7 18,7 1601 12.7
AVE  21e6 13.0 14,7 19.7 21.3 18.7 2004 2340 211t 2301 21.0
1974 CHEVROLLT IMPALA 22.0 20.1 20.8 22.9 21.0 18,7 . 18.5 . 19.7 .
2644 19.2 20.6 20.8 183 17.3 . 173 . 18.9 .
. . . 191 . . . . . . .
AVE 2802 19.0 20.7 21.0 19.7 18.0 . 179 . 193 .
1977 HUNDA CIVIC 49 STATE 39,1 aded 377 3600 3%.4 33.4 . 34,0 . 32.0 .
38.2 401 38.5 3541 32.7 35.3 . 35.6 . 331 .
AVE 8.7 40.7 38,1 3%.9 3800 3400 - 34,7 - 32.8 .
1977 FORD LYD 49 STATE 224 21.7 19.0 21e7 2144 21406 24.2 23.1 23,6 26.3 23.0
2007 18.2 2241 21.6 22.5 23.1 21.0 23.0 23.5 23.4 26.7
2041 . . . . . - . - . .
AVE 21.0 2040 20.6 21.6 22.0 22.3 22.0 23.1 23.% 24,9 24,0
1977 HLYMOUTH FURY 49S ~  27.2 23.2 8.7 177 22.3 19.3 . 20.4 . 26.9 .
22.8 27.0 261 17.3 2146 1164 - 20.9 . 26.9 .
. . . 32.7 18.6 . . . - . -
AVE 2%.0 2504 2204 2246 20.0 1504 . 20.7 . 25.9 -
1978 BUICLK V6 TURBOCHARGE 165 196 1440 123 116 91 10.9 13.7 1206 15.7 16.3
16.5 9.2 7.9 2.0 12.0 13.3 1249 1340 113 12.2 14.3
105 . . . . . . - . . -
AVE 14,5 128 1140 12.4 11.8 11,2 115 13.4 119 13.9 15.3
1977 PLYMOUTH FURY CALIF B 10.3 128 112 Q.7 10.3 t12.4 155 16.08 13.8 12.4
11.2 11e0 13.% 12.9 131 18,7 13.7 8.2 1641 178 1402
. . . . . . . - . - 16.8
AVE 8.5 10.9 13.0 12.0 114 12.5 13.0 8.2 16.8 15.6 14.8
1978 CHCVROLEY ST w-CALIF 9.0 0.7 4.8 249 103 10.0 9.8 B85 7.9 6.0 103
B8e5 10.7 TS 6.7 8.6 0.0 Tob 6.7 114 8.1 12.2
AVE 9.1 10.2 8,1 4,8 98 9.8 a.6 Teb 9.6 7.0 1te3
1978 FORD PINTO CAL 3 WAY T3 8e1 Te7 6.2 6.7 10.8 7.9 8.7 6.3 6.3 1 554
9e2 18.2 1561 4ot Seld 8.1 8.9 6.0 a0 11.0 Te?
5.4 . - . - - . 4.4 . - 7.6
AVE Te3 1310 11.4 .7 5.9 9.4 6.9 Se4 S5 8.6 7.6
1978 VW RABBIT CAL FU-INJ 17.3 16.9 168 167 183 113 - 20.6 . 2548 .
23.4 15.2 15.9 160 13.9 18.5 - 22.9 . 25.3 -
AVE 20.3 1601 164 16.3 1663 14.9 - 218 . 28 .4 -
1979 O0DGE ASPEN CALIF. 7.3 2.9 93 8.1 47 6.4 Sa1 5.3 8.3 8.0 Te2
73 11.6 11.8 9.6 8.1 6.2 T.2 6ol 7.3 7.8 70
AVE 73 7.2 10.5 8.9 6e8 603 662 5.7 7.8 Te? !
1980 MERCURY PROTOTYPE - 10.0 11e3 Te® 113 ' 83 105 8.9 2% 4 8.7 8.7
. 7.8 - - 8.3 7.7 . . - 129 10.6
AVE . 8.9 113 7«9 9.8 8.0 105 8.9 7 10.8 9.6
1980 BUICK REGAL PROTOTYP - 151 14.4 9.8 11.7 605 7.6 T2 6.0 12.8 13.9
- 12.% . . 10.9 7.2 . - . 8.2 166
AVE - 13.8 184 9.8 113 6.8 7.6 T2 6.0 10.5 15.1
DATSUN PROTOTYPE 6.0 3.8 4.9 3.2 262 2.9 - 2.2 . a7 .
4.9 4.8 4.8 3.8 4.0 3.7 . 2.8 . 3.6 -
. . A8 . . - - . . . - .
AVE 5.5 Y3} 4,8 3.5 3.1 3.3 . 2.8 . 4.2 .
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Aromatics--Table 82 lists the percent aromatics in the exhaust
hydrocarbons for the cold transient phase of the FTP.

TABLL 82 GAL CHRUMATOGRAPHIC ANALYS]S

CULD TRANSIENT FTP = ARUMATICS~ X OY WT

TEMPEKATURE F o 20 a0 60 10 80 LYYYS 90 90AC 110 110AC
(Cre-18) -7) ta) ti6) 21y 27 27y (32) 32) (a3) (a3)
1972 CHEVROLLT IMPALA 1140 14.7 21.7 1ot 15.9 7.8 23.8 15.3 18.8 17e1 17.0
10,9 15.7 19.7 2402 2548 22.7 2949 29.5 28.4 21.7 23.1
AVE 10.9 15.2 20.7 19.6 20.3 18.2 24.9 22.4 23.6 19.0 20.0
1974 CHEVROLET IMPALA 13.4 1.2 1e.8 1501 87.2 15,9 . 171 . 17.7 .
9.7 1209 11.6 16.9 1.5 17.9 . 168.0 . 17.7 "
. . . 1B . - . - - . .
AVE 113 11a9 3.2 169 1.3 16.9 . 17.0 - 177 -
1977 HUNDA CIVIC 49 STATE 4.8 1het 17.1 PP 2402 23.0 . 20.4 . 22.0 .
151 t6.1 1606 74.9 26.2 23.2 . 24.3 . 20.8 .
AVE 162 128 16.9 2328 292 234 - 224 3 21.2 o
1977 PORL LYD 49 STATE 1.9 135 153 16.4 18.7 18.7 21.0 18.% 19.0 18,8 21.0
1304 13.5 1ies 19,3 19.4 19.7 1845 21.0 17.4 19,1 19.8
13.9 . . . . . - . . . .
AVE 13.8 1305 13.3 17.8 19.0 19.2 19.8 19.7 18.2 18.9 2004
1977 PLYMOUTH FURY 495 17,0 12.9 1201 27.0 18,0 9.2 . 19,3 . 18.8 N
12,9 10.7 12.6 19.0 23.0 23.9 . 20.2 . 20.0 °
. . . 22.9 21.3 . . . . . .
AVE 18.9 11.8 1203 23.0 20.8 21.6 . 19.9 . 19.7 .
1978 BUICK V6 TURBUCHARGE 1.7 20.0 1R.9 24.0 23.0 23.1 24.4 18.2 16.2 15.8 20.9
1761 1649 17.3 22.1 23.1 22.9 21.8 22.3 21.7 19.3 17.2
17.0 . . . . . . . . . .
AVE 17.3 18,5 13,4 2341 23.5 23.0 23.0 16.8 19.0 17.6 1901
1977 PLYMOUTH FURY CALIF 15.4 15.3 16046 2.2 2146 21.0 18,4 15.9 18,4 15.8 18.2
12,7 13.5 14.3 1602 19,1 16.4 18.5 15.2 16.8 20.7 19.8
. . . . . . . . . . 1802
AVE 15,0 13.8 15.4 8.7 20.3 18.7 1tes 19.2 1700 18.3 18.7
1978 CHEVRULEY ST w-CALIF 11.9 14.7 11.3 20.2 28.1 19.2 21.4 22.6 25.5 23.3 22.0
134 150 1% 21e0 207 20a1 2143 213 22.1 21 e6 23.0
AVE 12.7 14,0 1303 20.9 24,9 19.6 21.3 22.0 23.8 22.3 22.5
1978 FUHD PINTO CAL 3 WAY 1645 14.5 13.5 21.2 21.8 220 21.0 18.0 20.6 25.8 18.7
15a1 13«4 1341 22.0 19«5 215 20.0 19.7 18.9 18.1 21.3
13.0 . . . . . e - 138 . . 20.5
AVE 10,9 13.9 13.3 21.6 20,5 21.9 20.8 17.1 19.7 22.0 20.2
1978 Vw RADBIT CAL FU=-INJ 21.5 21.7 2101 13.7 214 22.5% . 21.3 . 23.6 .
20.0 18.6 18.2 25.0 2408 2401 . 2641 . 24.0 .
AVE 21.0 20.2 19.7 19.3 23.1 23.3 . 23.7 . 23.8 .
1979 DODGE ASPEN CALIF. 16.1 1500 15.8 24.0 20.1 1846 2240 24.8 19.0 21.4 21.9
16.2 17.2 15.1 24.4 25.0 26.9 25.9 22.0 19.9 22.7 20.7
3 1601 1609 1565 2402 22.6 22.7 23.9 23.5 19,8 22.0 21.3
1980 MERCURY PROTOTYPE . 1641 15.8 20.0 1.7 12.9 14,4 13.7 17.0 19.3 19.6
17.8 . . 12.1 13.7 . . . 20.8 18,4
AVE . 16.9 15.8 20.0 1.9 13.3 1400 13.7 17.0 20.1 19.0
1980 BUICK REGAL PRUIOTYP . 20.2 1608 1305 2644 24,7 2s.7 22.% 27.2 27.0 26.8
19.4 . . 28.3 23.0 . . . 24.8 23.8
AVE . 19.8 18,0 13.8 23.8 26,2 25.7 2248 27.2 25.9 2.2
DATSUN PROTOTYPE 17.0 17.1 19.1 24.2 39.e 26.3 . 27.8 . 2%.9 .
15.7 16.6 1941 24,0 28.7 2s.7 . 32.9 . 2s5.6 .
. . 17.7 . . . . . . . .
AVE 16.3 16.9 18.6 2404 32.0 26.0 . 30.4 . 2%.8 .
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FTP,

Table 83, wh1ch lists the aromat1cs for the stabilized phase of the

where very low aromatic concentrations were obtained.

not true for a]] catalyst systems under a]l cond1t1ons.

shows that the aromatics may be selectively destroyed by catalysts

However, this was

TABLL 83 GAS CHIOMATOGHARHIC ANALYSES
STABILIZED FYPR - AHUMATICS= X ©Y T
TEMPERATURL ¢ 0 20 .0 60 70 a0 BOAC 90 90AC 110 110AC
(Cye-18) (=71 (a) (16 21 27y 27y ta2) (321 ta3) (a3)
1972 CHEVROLLT IMPALA 29.7 1.7 36,02 2143 20.1 17.9 2e.1 19.0 2101 175 18.9
25.9 20.3 19.5 3.0 3303 25.9 27.3 38.0 32.8 25.1 22.0
AvVC 27en 30.0 27.4 270 26.6 2169 277 27.0 26.9 21.3 20.5
1974 CHL VHOLET IMPALA 25.2 19.9 1603 16.9 17.2 i5.2 . 18.4 . 24.3 .
27.9 2a.4 1646 thet 16.5 19.6 . 19.7 . 19.4 .
. . . 2000 . . . . . . .
Ave 2609 22.2 1066 18.3 169 17.4 . 19.0 . 21.9 .
1977 HONDA CIVIC 49 STATE 14.3 14.4 10.7 13.% 17.% 1.3 . 16e2 . 173 .
15.0 1.8 1653 1801 168 175 . 17.5 . 16.a .
ave 14.7 1401 1340 15.8 171 17.9 . 16.9 . 16.8 .
1977 FORD LYIO 49 STATE 215 15t 17.2 19.4a 2448 1603 23.0 23.6 22.5 20.3 19.9
EX 20.9 2z.0 2r.1 25.9 23.9 23.8 2649 23.2 23.7 21.2
21.1 . . . . e . . . . .
AVE 21.9 18.4 19.9 23.2 28.2 19.9 23.4 25.2 22.9 22.0 20.5
1977 PLYMOUTH FURY 495 10,4 1.8 11.1 170 16.6 1.7 . 11.7 . 20.0 .
14.6 14,2 4. 17.0 23.1 18.9 - 1406 . 20.2 .
. . . 20.0 13.3 - . . . . .
AvE 18.8 1300 120 tH.a 17.7 13.3 . 13.2 . 20.1 .
1978 BUICK Vo6 TURBOCHARGE 9.0 1.3 10.2 Ten 11.6 4.2 a.a 2.7 306 aes Se5
7.0 5.0 1400 s.7 1426 4.0 23.6 4.8 LY 8.0 6.6
16.8 . . . . . . . . . -
AVE 111 Aat 12.4 5.7 1501 4ot 14.0 3.7 4.5 6.3 6.0
1977 PLYMOUTH FURY CALIF 217 12.6 18,3 135 25.0 12.7 6.6 3.1 13.1 6.9 8.0
15.5 4.6 1.1 6.0 1241 6.7 946 12.0 8.0 14.2 1801
- . . . . . . . . . 13.9
Ave 1Het 8.6 12.7 9.6 18.5 9.7 7ot 12.0 10.5 10.5 12.0
1978 CHEVROLET ST W-CALIF Hot 3.2 3.0 8.7 Hes 4.8 2.0 4.0 3.8 S.4 8.9
bas 6.0 L Set be2 a2 2.7 5.5 LYY 1.4 .9
AVE 8.4 4.0 3.2 6.9 6.8 s 2.4 .7 4.2 3.4 6.7
1976 FORD PINTO CAL 3 WAY 98 543 be2 a7 4.0 6.0 6.8 7.3 aos 5.8 a.8
1802 152 1.l “.n s 6o 3.8 4.8 1.8 9.3 3.7
10,9 . . . . . . 2.1 . . 5.8
AvE 12.9 10.2 8.2 a.s 4.2 6.2 5.3 a7 3.1 T.s .7
1978 VW RABBIY CAL FU-INJ 17. 1041 1504 8.2 21.2 16.1 . 21.3 . 20.3 .
17.0 g5 9.6 1404 218 22.0 . 24,8 . 23.1 .
AvVE 17.2 9.3 1205 11.3 21.3 20.0 . 22.8 . 21.7 .
1979 DOOGE ASPEN CALIP. beb 7.5 aea Ao 18.8 5.7 1809 6.0 1640 6.7 12.1
Be2 4.0 540 ) 5.9 6e1 S8 5e2 59 10.5 7.9
AvE 6.9 6.1 4.7 5.0 12.2 9.9 11.8 S.6 10.9 8+ 10.0
1980 MERCURY PROTOTYPE - 12.5 4.8 3% 95 3.5 14.0 540 LYY 3.9 4.8
- 81 . . 8.6 6.4 . . . 6.9 3.1
Ave . 10.3 a.8 1.9 7.0 4.9 14.0 5.0 tes Sea 3.9
1980 BUICK REGAL PROTOTYP . 4.0 1304 2.3 3.2 3.5 el 1.6 2.0 8.6 13.8
. 6.2 . . 3.1 7.2 . . . 3.8 1204
AVE - Sel 1304 2.3 40l 5.4 1.1 1.6 2.0 6e1 13.1
DATSUN PROTOTYPE 2ed 51 243 kY 9.0 5.3 . 6.8 . 7.6 .
2.9 3.8 1.8 8.7 3.4 6.8 . 8.2 . 9.2 B
. . 32.2 . . . . . . . .
AVE 2.7 4.3 121 6.2 6.4 6o . 6.0 . 8.4 .
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The hot transient phase data given in Table 84 show the effect of
starting and warm up. The fraction of aromatics present for the noncatalyst
cars was reasonably comparable to data obtained during the stabilized
phase. The catalyst cars had aromatics fractions intermediate between
those levels found in the cold transient and the stabilized phases.

TABLE 84 GAS CHRUMATOGRAPHIC ANALYSES

HOT TRANSILNT FTP —AKOMATI(CL- X BY wWT

TEMPERATURE F [+] 20 40 00 70 80 H80AC 90 QO0AC 110 110AC
(LY(-18) (=7 ta) {1y {21} (-2 Q] (27) {32) (32) {a3) (43)
1972 CHEVROLET IMPALA 1befs 271 2402 1haels 1Ge7 161 17.2 14.8 18.6 15.8 1602
1atd 31.9 34.8 $0e 0 2841 26ha3 279 28.0 3)e5 2045 181
AVE 173 29.5 295 2400 22 .48 21.% 2246 21.7 2%.0 18,2 17.2
1974 CHEVROLET IMPALA ety 195 13e% 7.0 142 1304 - 14,06 . 14,9 -
129 1%e2 1.300 19 2 201> 1029 . 1%.7 - 15,9 -
. . . 2008 . . - - . . .
AVt 14.9 1%.3 13et 1769 b7t 1%.0 . 191 - 1%.0 .
3977 HONDA CIVIC a9 STYATE 1404 14,3 140 TUets 187 2044 . 19.1 . 19.06 .
15e) 14,3 1388 19 20,9 20.3 - 19.9 . 19.9 .
AVE 148 14,3 13.9 19,0 19.8 20.4 - 195 . 19.8 -
1977 FOKD LTD 49 STATE 1840 147 1350 150 14 .9 18.9 168 15.8 22.0 toel 18.9
162 160 13.8 19. 0 18+ 15.9 17.0 16,3 17.06 18.0 166
187 - . . . - - . - - .
AVE 15.0 153 13.4 17.3 16.8 15.4 16.9 16a1 19.8 17.0 157
1977 PLYMOUTH FUKY 495 lae1 185 2%.8 19.1 17.3 16.9 . 1541 . ‘18.7 .
. 1843 13.8 1441 1R.4 20.8 214 - 183 - 23.0 .
. . - 1%.0 23.2 ° - . . . -
AVL 14.2 14,2 1Be2 17.06 208 19.2 . 167 - 20.8 .
1978 BUICK V6 TURBOCHARGE 1242 117 Be3 112 13.1 10.3 11.8 65 10.0 9.2 11.8
1065 16,0 21.5 12.3 11..8 17.1 12.3 12.9 13.4 12.7 122
1706 - - . . - . - . . -
AVE 154 139 14 .9 1.7 124 13.7 1241 10.7 11.7 11.0 12.0
1977 PLYMOUTH FURY CALIF Pet 13+9 1301 2644 155 14,1 154 157 113 11.9 14,1
Qe? Geb Be5 18a1 152 14,06 13.8 48.0 17.6 17.1 1S5.4
- . . - . - . . . . 18.6
AVE D0 Pe2 104 22.3 15.4 14.4 14,06 48.0 1445 14.5 14.7
1978 CHEVRULLY ST w~CALIF 103 4.9 4.4 OeH 8.0 97 8.8 Ge? Qe Qa2 12406
603 beb e e 3 T o0 HBeb 105 123 Tel 9.7 13.0
AVE Be3 Sets LYY -] 6 L1 9l 9.0 95 8.1 9.5 1248
1978 FOKRD PINTO CAL 3 WAY 67 4.8 el Te? 9.0 133 99 el 7.9 Teb 10.0
- P 138 Ueb G2 Ted Tas 0.9 De 3 60 10.0 8.9
LY 4 . . . - - . 3.8 . . 7.3
AVE 69 HBel He9 7.0 Ha2 103 Bod Sel 09 8.8 8e0
1978 VW RABHLIT CAL FU~-INJ 163 1409 173 Ve D 205 20.0 . 20.9 - 21.7 °
10ed 12.9 1441 22.0 2%.1 23.9 . 23.5 . 23.0 -
AVL 109 13.8 15«7 1599 22.8 22.0 . 22.2 . 22.4 .
1979 DODGE ASPEN CALIF, Be8 1e4 8.3 11e2 115 13,3 1t.4 12.9 14.4 14,6 169
beb 8.3 9.4 14.8 13.7 14,8 14.0 14,1 19.2 1606 1%9.9
AVE L Q.9 3. 13.0 12.06 1441 127 135 14.8 1%.6 162
1980 MERCURY PROTOTYHE . 13.1 Q9 18. 6 14 .9 2242 15.9 .14.1 1246 18.2 13.1
- 11e1 . . 13.5 17.7 - - . 14.2 19.9
AvVLe . 1243 9.9 18.8 14,2 19.9 159 1421 12.0 16,2 16.9
1980 BUICK REGAL PROTOVYP . 14.8 10.4 17.1 17.3 12418 148 10.4 161 18,0 20.2
- 125 - . 18.2 13.3 - . . 16.1 2004
AVE - 137 10.4 171 15.7 12.7 14.8 104 161 171 2003
DATSUN PROTOTYFE 11.6 Te5 5.7 11.0 19.9 123 . 145 . 13.0 .
1446 Te® 2.0 103 9.0 12.9 . 10.7 . 151 -
. . 66 . . - - . . . o
AVE 131 77 Tel 10.06 1845 12.06 - 126 - 14.0 -
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Benzene--Recently benzene has been of concern since it has been
shown to be a carcinogen. The fuels used in this study had benzene
concentrations of 0.3% and 0.2% for the summer and winter fuels, respectively.
Tables 85, 86 and 87 show that the exhaust gases from the various phases
of the FTP had a much higher relative concentration of benzene than the

_orjgina] fuel.

TAHBLE §5 GAG CHIOMATOGHAPHIC ANALYSIS

COLD TRANSIFNT FY? - AFNZENF, X TOTAL HC

TEMBERATURE * o 20 40 60 70 LD aQAC Q0 QG AC 110 110AC

(Cr(~-td) (-7 t8) 10y t?yy t27) t2n) (32) (32) (43) (a3)

1972 CHFVROLEY IMPALA 2.3 2e9 2.7 1.0 34 ies 24 4,0 1.7 4.0 4.2
246 2.0 Je 2 3a4 2«9 26 St 3.0 29 2.9 1.9

AVF 2.% 2.7 249 3.7 Jel 1.9 2.8 e S 3.3 Jed 3.1

1974 CHFEVROLEY TUPALA 2.8 Yo 8 3.0 Yot 33 Je8 . 3.0 . 2.9 .
2.7 2.5 3.0 3ets 4.0 Se 03 . 3.3 B 269 .

. . . 3.2 . . . . . . .

AVE 2.7 2% 30 3o Y7 32 . 3.2 . 29 .

1977 HONDA CIVIC 49 STATE 2.7 2e6 244 3.2 3.6 Je . a6 . .0 .
204 2.4 15 340 3.5 4.0 . 4,0 . 4.8 .

AVE 2.6 25 2.0 3.1 3.3 3¢9 . 3.3 - 4.2 .

1977 FORD LIN 49 STATE 3.5 3.3 Y.8 Befs L TR 4 Gel G 3 6.6 546 4.4 Se?
Ta2 Yo 5 3.7 Se3 Be6 49 Se Se9 8.6 045 Set

TeS . . . . - . . . . .

ave Jes Je4 3.A et Bel TGe0Q Sed LYR] S5e2 244 S5.4

1977 PLYMOUTH FURY a9% 1.7 2.0 Ze 4 3.2 J.0 3.1 . 3% . Jea .
1.9 1e% 241 Ze7 1.0 ety . 3.4 . 37 -

. . . o4 2e9 . . . . . )

AVE 1.P 19 2.2 3.2 3.5 Te5 . 3.5 . 35 .

1978 HUICK VA TUHBOCHARGE tef 17 Ma0 ? e 2.7 Pl 3.4 249 2e7 2448 36
1.9 1e7 te? 2e7 27 Pets 3.7 Je2 3.1 2¢3 3.1

1.9 . . . . . - . . - -

AVE le9 1e7 1.9 27 Pe? 2.8 3.5 PeA 249 2.4 3.4

1977 PLYMOUTH FURY CALIF 2e4 1.3 3. R 3.8 3.8 4.3 4.5 4.7 4.6 S«0 3.9
2.8 243 30 3o 3.5 4.3 J.7 3.2 %e3 3D 4.9
- . . . . . . . . . J.8

AVE 2.7 3.0 3. 8 3.0 Je b 4¢3 a4 3.2 4.5 4.2 4.2

1678 CHFVROLFY ST w—CALIF te1 21 2.3 3N 3.6 3.3 3.5 8 27 2.8 8.6
) 2.0 2,0. 244 38 313 3en .2 D9 3.7 3.0 3.2
AVE 1.8 2.0 244 3.4 3.4 3.t 3.3 2.8 3.2 2.7 3.9

1978 FNORN PINTO CAL 3 WwAY 2.5 2.9 2.4 3.7 2.8 23 2.9 2.6 2.6 1.6 361
2.5 2¢4 2e 4 T 0 DeH 369 2e48 2.0 T2 3.1 25
243 . - . . . . P4 . . 3.6
AVF 244 2.4 2e4 e 248 3l 27 2e3 249 2.4 3.0

1978 Vw HAARBIT CAL Fu-INJ Je 2 3¢5 3.% 247 369 4.2 . 842 . 4.0 .
T3 3.1 249 4l 444 4.0 . 4.9 . J.8 .

AVF e 2 3.3 3.2 Je b 4.1 4.l . 4.9 . 1.9 .

1979 DONGF ASPEN (ALIF, 3.0 2.9 31 3els 3e 6 32 3.8 3.4 3.4 3.6 53
3.0 Xe5 3.3 2.7 2.4 2% 33 4.0 86 3.3 S5e3

AVE 3.0 3.2 3.2 3.1 3.0 3.0 3.4 37 4.0 3.5 543

1680 MERCURY PROTOTYPE . 2a7 2.6 349 3.1 3.2 249 3.0 2.8 2.5 2.8
. 3.0 . . Te3 3.2 . . . 2.3 302

AVE . 248 2.0 39 3.3 3.2 2.9 3.0 28 2.8 3.0

1980 RUICK RFGAL PRODTOTYP . 3a1 1.0 29 8,2 Zetd 3.0 3.5 3.6 3.1 3.7
. 3.2 . . 4.3 37 . . . 4.1 4.1

AVF . 3.1 3.0 29 4.2 3.8 3.0 3.5 3.6 3.6 3.9

PATSUN  PROTOTYPE 3.1 l.2 2e% J. 0 3.1 Je2 . 3.2 . 2.3 .

2.9 2.6 3.8 3.7 W2 4.0 . 2.7 . 3.0 -

. . 3.7 . . . . . . . .

AVE *e0 2.9 3.2 3.3 %e2 18 . 1.0 - 2.7 .
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TABLE 86

GAS CHHOMATNGARPIMIC ANALYSIS
STAHILIZED F T ~ HENJFNE, X TOTAL HC
TEMPERATURE F ] 20 30 on 7o o0 80AC 90 90AC 110 110AC
(C)(-18) (-7) {a}) {16) (21) (a27) . (27) 32) (32) (43} (43)
1972 CHFVROLETY IMPALA 3.7 2.7 2.4 3. 4.4 3.2 243 Sel 4.2 5.4 S50
1e9 3ol L 3.8 213 ?.1 3.1 3.4 3.3 3.6 240
AVE 2.8 2.9 3.4 36 Py 2e6 2.7 8.2 3.7 4.5 3.5
1974 CHEVROLFT JMPALA 2.2 1e7 2.2 2«7 AR} 3.t . 2.9 . 1.8 .
243 2.1 2.1 2.7 2.9 3.0 . 32 - 3.3 .
. . N 2.1 . . . . . . .
AVE 22 1.9 2.1 2.6 2e N 3ol . 3ot . 2.6 .
1977 HONDA CIVIC 49 3STATFE 2.7 29 a2 59 Gel [ XY . S8 . Sed .
2.6 2.8 Je b et 5.8 LY} . 6. . Be2 .
AVE 247 249 4.4 BeQ 6.0 Lol . L TR . S.3 .
1977 FORD TN 49 STYATE Tel Bed LYY} A7 109 B.1 G.7 10.3 Vel Te3 Se8
6.2 6,2 6.9 9.1 1044 T 10.9 2.1 10.3 8.5 602
6,9 . . . - - . . . . .
AVE G Ted LX) 8.9 10.48 D0 10.3 7 9.8 7.9 6.0
1977 PLYMOUTH FURY 498 2.6 2.9 2.4 h YA 4.9 3.1 . 3.0 . 8.2 .
3.2 2.9 2.9 Ae1 8.2 3.9 . 3e6 . %.3 .
. . » 4.1 3.1 . - - - . .
AVE 2.9 249 2.8 Jab 4.1 A RS- - Y3 . Se3 .
1978 RUICK V6 TURBUCHARGE 1.0 %8 0.9 1% 2e3 Le? 1ed let 2.3 3.3 4.5
0.7 0s6 [ XY 1e3 1.6 1.9 261 2.0 243 Sed 5.3
0.8 . . . . . . . . . .
AVE 0.9 0.7 0.7 1.8 20 1.8 1.7 17 25 4.3 4.9
1977 PLYMOUTH FURY CALILF 0.8 0.8 0.6 12 1«3 1.3 2.7 11 4.5 0eS 27
0.9 0.0 0.8 2.0 244 0.9 1.8 3.3 2.2 2.9 S.9
. - - - . . . . - . Se7
AVE O.h Oeb 0.7 16 1.9 1ot 2.2 3.3 33 17 4.8
1978 CHEVROLFY ST w—CALIF 1.9 lel let 0.7 10 0.8 el 0«0 146 146 6.6
1e8 10 Re3 3e2 1le 2 0.9 0.7 le? 244 0.8 36
AVE 1.7 1ol 17 2.0 lel 0.9 09 1e2 2.0 12 Se0
1978 FORD PINTO CAL 3 WAY 1.3 1.2 1.0 1.5 13 248 2.1 1e2 17 1.9 2.8
39 4.9 Se3 146 17 1.8 1.2 1.3 t.2 247 2.2
400 . ° . . . . 1.1 . . 246
AVE 3ol 3.0 3.2 1.6 1 % 2.1 1e0 1e2 135 23 2.3
1978 VW RABBIT CAL FU-INY S543 3.9 842 3.9 S.6 8.3 - 8.7 . 4.3 .
4,0 3.0 2.9 4.0 6.0 63 - 67 - S.2 .
Ave 4.6 Jed A Y o4 Se 8 6.3 - Gl - 4.8 .
1979 OODGE ASPEN CALIF. let l1e8 len 2.8 2% 240 17 2.3 18 27 3.1
tel 1.9 2.1 2.7 2.2 2.1 2.3 1.8 249 2.6 3.9
AVE lel 17 2.0 246 264 2e1 240 2.0 2.1 27 3.5
1980 MERCURY PROTOTYPE . 2.1 1.8 1a2 2.2 12 241 16 2.3 21 21
. 1.9 . . 1.8 2.4 . - . 1e7 146
AVE . 18 1+8 1.2 1.9 1.8 2.1 1.6 2.3 1.9 19
1900 BUICK REGAL PROTOTYP . 0.7 1.8 12 1e1 1.8 et 0.8 1.0 4.0 8.3
. 195 . . 1el 4od - - - 37 79
AvVE . 11 1ol 1.2 1.1 3.1 tel Ce8 1.0 3.8 8ol
DATSUN PROTOTYPE 0.7 1.3 12 19 ls 1 2.4 - 2.0 . 4e7 .
Oe b 0.7 0.6 2.9 1.6 2.7 - 2.7 . 82 -
- . 2.3 . - . . . . . .
AVE 0.6 1.0 1.4 2.4 1e4 26 ) 2.4 . 48 -

131



TAULE 87 GAS CHUNMATOGRAPHIC ANALYSIS
HOT TRANSIFNMT FTP -~ AEMZFNE. X TNTAL HC :
TEMPERATURF F [ 20 a0 60 70 40 AOAC 90 90AC 110 110AC
(cr(~-18) (-7 (4) (14 (21 (27) (27) L (32) (32) (a3) (a3)
1972 CHEVROLETY (MEALA 3.2 2.4 2et 3.3 3.6 1. 2.6 3.5 3.8 4.a 4.3
2.8 1.4 2.0 2.7 247 21 3.3 3.8 3.0 3.2 2.6
AvVE 2.8 1.9 2.1 2.9 2¢% 2.7 249 3.5 3.8 3.3 3.4
1974 CHFVROLFY IMPALA 2.3 2.0 1o Pe ?e7 Pef . 244 . 2.8 .
2.1 2.1 2.0 2.7 1.2 2. . 2.3 . 2.6 .
. - - 2t . . - . . - -
AVE 2.2 2.1 1.9 2.7 2.9 2.8 . 2.4 . 2.7 .
1977 HONDA CIVIC 49 STATE 4.1 4.2 3.4 4.7 4,9 4,2 . 4.1 . Je9 .
4.0 3.7 3.5 4.5 4.8 4. . 4% . 4.0 .
AVE 4.1 4,0 3.5 846 a7 43 . 443 . 4.0 .
1977 FURD LTD 49 STATE 7.2 7.3 5.7 6.2 57 4.9 6.0 Se4 4.7 4.5 3.3
s.6 5.4 6.5 6.5 7.1 he? ot S.4 Se5 4.8 4.2
8.9 e . - . . - . . e .
AVE 6.1 643 6ol 6.3 6o 4 Seb Se6 5.4 Sel Y4 3.8
1977 PLYMOUTH FURY 495 2.7 2.5 2.3 3.0 1.2 ?.8 . 2.0 . 3.7 .
2.6 2.7 2.7 2.9 3.A 2eR . 1.2 . 3.7 B
. . . 2.0 .0 . . . . . .
AVE 2.7 2.6 2.5 2.9 3.9 249 . 3.0 . 3.7 .
1978 BUICK V&6 TURENCHARGE 1.9 18 1er E ) 31 3.0 3e8 3.1 443 a8 4.8
1.9 1.6 2.1 Vo2 1.4 3.3 3.7 3.7 4e7 8.8 6.2
te6 . . - . . . . . . .
' AVF 1.8 1.7 1eA 3.2 L} 1.7 3.7 .4 . 4e5 Sel 545
1977 PLYMOUTH FURY CALIF 0eR te? 2.1 3.5 25 2.4 2.8 4.1 3.3 3.0 3.7
1.4 1.4 te? 3e8 .5 3.0 Pe 2.0 4.7 4.8 4.2
R . . . . . . . . . . 4.9
AVE 1.1 1.6 ° 1.7 1.5 31 249 2.9 240 4.0 3.9 4.2
1978 CHEVROLFT ST w-CALIF 1e7 0.9 11 1o 1.5 143 2.6 1.4 4. 3.3 6.9
1.2 t1e2 tel Le6 1ed 1.4 16 16 2.7 Ak Tea
AVE 1.4 1.0 el 1.5 led 1ed 2.1 1.9 Jehr 3.9 7.1
1978 FORD PINTO CAL 3 WAY 1.6 1.0 te3 2.1 2.2 37 2.9 3.2 Pe? 2.2 3.7
1.9 3.8 3.2 1.2 1.4 ?2.9 2.2 1.5 1.7 3.3 2.7
el . . . . . . 1e6 - ‘e 3.0
AVE 1.5 2.4 243 1.7 1.8 3.3 2.6 2e1 2.2 2.7 3.1
1978 VW RABBIT CAL FU-INJ 4.2 4.0 1.8 3e2 4.9 Sel . 4.9 . 4.0 .
3.9 3.8 3.7 4.4 Se & Se0 . 53 . 3.7 N
AVE 4ot 3.9 3.8 3.8 Se2 Sel . S.1 . 3.8 .
1979 DODGE ASPEN CALIF. 2.0 1.4 2.2 2.9 2.% 2.5 a1 2.8 4.8 4.8 6.2
1.7 1.9 2.1 3.3 A7 3.6 3.4 3.9 4.4 Sel 3.7
AvE 1.9 16 2.1 3.1 3.1 3.1 3.2 3.4 Yy} 4.9 640
1980 MERCURY PROTCTYPE . 1.6 1.8 2.4 2.4 2.0 3.2 2.6 1.8 2.1 2.2
. 13 . . 3.6 2.5 . . . 3.3 3.1
AVE . 1.9 1.8 2.4 3.0 2.3 3.2 2.6 1.8 2.7 2.6
1980 BUTCK REGAL PROTOTYP . 3.t 2.8 4.8 5.0 3.5 Be9 3.2 4.8 9.5 6.8
. 2.1 - . 5.0 a.7 B . . 5.7 6.1
AVE . 2.6 2.9 4.8 S. 0 4. 5.9 3.2 4.8 5.6 6.5
DATSUN fPROTOTYPE 2.3 2.0 (4 2.3 2.2 2.8 . 3eH . Se2 .
2.1 1.9 et 2.6 2.4 3.6 . 3.8 . .6 .
. B 1.4 o . . N . . . .
AVE 2.7 te? 1.8 2.6 243 1.2 . 3.7 M S.4 .

132



Because of the interest in benzene, its mass emissions (mg/km) are
given in Tables 88-90. The noncatalyst cars in the three phases of the
FTP produced average benzene levels from 17 to 494 mg/km. In the cold
transient phase of the FTP (Table 88) the maximum benzene emissions
occurred at 0°F (-18°C) or 20°F (-7°C). In the stabilized phase, most
of the cars had a maximum at 110°F (43°C), sometimes with their air
conditioners on. In the hot transient phase (Table 90) high levels of
benzene emissions also occurred mainly at high temperatures. The use of

catalysts, however, generally reduced benzene levels.

TABLE HY GAS CHRUMATOGRAPHIC ANALYSIES
COLD TRANSJTENY FYP — HENZENE, MG/RM .
TFMPERAVUNE F o 20 40 oo 70 80 BOAC <0 Q0AC 110 110AC
(Cr(-18) {-7) (s} 1106) 2y 27 27 {32) (32) (43) {(43)
1972 CHEVROLLTY IMPALA C283.1 196.0 1120 80.9 T7.8 29.06 Sb.3 T4 .4 8%.5 89.6 83.4
302a4 1754 157.7 183.3 Tr.0 59.4 B8.8 62a.2 3.3 67.8 41.9
AVE 292.n 18%,7 13%.1 97.1 TT.7 a8 .0 T72.5 68.3 T4 4 T78.7 62.7
1974 CHFVROLET IMPALA Staet 519.5 9.0 10be4 91 S 99.9 . 67.8 - B82.3 -
473.1 111 308.8 B86.A 9%.0 66.0 - 66,6 - 730 -
. - . 101.06 . . - - - . -
AVE 494.0 415.3 201.9 97.9 93,2 82.9 - 672 . T7.9 -
1977 HONDA CIVIC 49 STATE 302.2 419,% T78.9 87 7%5.9 6Ze0 - 87.) . 43 .4 .
?293.0 202406 246.4 87.9 Tled 75«8 - 49.2 - 246.0 -
AVE 297.9 311.0 162.7 A7.7 737 69 .0 . 53.2 - 43.7 -
1977 FORD LTD 4% STAYE 24%.% 202 .4 118.2 98.2 111.0 93,1 120.3 99.4 114.8 8R.4 112.1
2406.3 150.2 110.3 1r: 116.0 Q1.3 104.8 84.9 88.2 Bt 117.5
224.1 . - . . . . - - . -
AVE 238.0 1703 114.3 107.7 113.9 2.2 112.0 2.1 1005 48.3 114.8
1977 PLYMOUTH FURY 495 232.% 1277 63a0 69.86 2240 Y £%-1 - 37.4 - 206.8 .
247.0 176.9 217.8 150.7 104.0 62.9 - 46.7 . 32.2 .
- . - 10%.06 66.8 - - - - - -
AVL 240.0 152.3 140.06 108.7 64.3 65.2 . 42.0 . 29.5 .
1978 BUICK V& TURBOCHARGE 5206 26248 14843 1025 84,1 ' 6348 73.5 33.6 37.5 27.6 48.9
392.2 227.8 262.0 94,3 69.0 56.7 73149 52.4 57.0 6340 38.8
442.9 . - - - - - - - . .
AVE 4%54.9 24%,.3 20%.2 08.4 76.9 60.3 T2.7 43.0 472 456 43.8
1977 PLYMOUTH FURY CALIF 132.06 66.3 43.3 33.5 24.1 19.7 33.5 2%e2 31.0 2069 36.3
132.4 60.2 43.2 37.2 23.7 1641 27.6 222 AT.8 358 S32.6
- - - . - - - . - - 66.2
AVE 1325 632 43.2 3%.4 368.9 18.9 30.% 222 307 311 S1e.7
1978 OHLVROLEY ST w-CALTF 165%.7 AR.7 2%.9 24,9 2%.4 18.7 23.3 211 21 0 30.7 405
97.0 464 29.8 22.% 24 .0 19.2 23.8 19.7 27.8 21.0 23.8
AVE 131.3 ATeS 27.9 23.7 25%.0 19.0 23.6 20.4 24.7 2062 32.2
1978 FORD PINYO CAL 3 wAY 19945 1095 T2.0 40.3 3.1 36.0 36.7 18.6 12.2 26.8 18.0
21240 157.4 0.1 82.0 30.9 20.8 2t.0 123 19.1 22 .4 14.0
254.06 . - - . - - Qaa . . 26.7
AVE 222.1 133.4 81.0 40.1 LD 28.4 28 .8 13.4 13.6 25.6 16.7
1978 vw RABBIT CAL FU-INJ 107.2 68.3 43.3 21.1 32.1 3.2 - 28.% - 40.3 -
102.7 5%.7 3646 40.4 37.5% 33.3 - 41.0 - 44.9 -
AVE 10%5.0 62.0 39.9 30.7 34 .8 32.2 - 351 - 42,6 .
1979 DODGE ASPEM CALIP. 293.8 193.3 99.7 37.1 21.7 14 .8 20.8 17.2 13.2 20.0 358
2115 93.9 142.8 39.3 62.7 52.06 50.4 270 26.2 20 .8 3646
AVE 2%2.7 143.6 1212 38.2 42.2 33.7 33.6 22.1 20.7 2044 369
1980 MERCURY PROVOTYPE - 178.2 88.6 43.3 2043 23.2 22.0 32.2 34.1 49.9 24 .8
- 210.9 . - 33.7 2143 - - - 38.0 3049
AVE . 194.5 88.6 43.3 26.9 22.3 22.06 32.2 34.1 43,9 27.9
1980 BUICK REGAL PROTOTYP . 89.5 63.06 36,5 30.8 26.1 27.8 23.7 25.9 23.0 26.0
- T76.8 - - 29.9 23.8 - - . 225 237
AVE - 80.9 63.6 36.9 30.4 2%.0 27.8 25.7 2%.9 22.7 23.9
DATSUN PROYOATYPE 124, 68.6 431 33.06 2049 175 . 14,4 . 11.0 .
102.2 6706 44,6 32.8 23.8 20.4 - 124 . 13.0 -
. . 48.6 . - - . - . - .
AVE 113,12 68a1 45.4 33.2 224 21 .4 . 13.4 - 12,0 -
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TABLE 89

GAS CHROMATOGRAPHIC ANALYSIS

STABILIZED FTP ~ BENZENE, MG/KM
TEMPERATURE F ] 20 40 60 70 80 80AC 90 90AC 110 110AC
(Cy(-18) (~7) (a) (16) t21) 27) 27) (32} 32) (4 3) (a3)
1972 CHEVROLET IMPALA 5643 1.8 24.7 42.9 563 415 3065 5640 5849 750 Oled
27.1 38.7 49.1 48,9 29.0 29 .4 39.3 47.0 44,5 61e2 4406
AVE ate? 353 41.9 45.9 42.7 358 34.9 51.5 51.7 681 68.0
1974 CHEVROLET IMPALA 19«1 15.3 28.3 30.7 3%.7 4241 - 44 .8 B 2141 -
17e2 188 278 42.4 47.6 3.6 - 43.6 - 43.8 .
- . - H2.2 - - - - - . -
AVE 181 17.0 28.0 41.8 416 40.9 - 48,2 - 324 .
1977 HONDA CIVIC 49 STATE 5865 6245 21.0 24,2 29.0 29.4 - 28 .6 - 35.4 -
. 63s0 592 17.9 28.6 27 .M 27.9 - 30.8 - 30.9 -
AVE 60.7 58.9 19.5 264 28 .4 28.6 - 29.7 - 331 .
1977 FORD LID 49 STATE 67.5 42.9 24.2 38.7 48.0 361 60.9 489 105.2 Q3.4 1127
6240 37.8 31.0 37.9 57.9 44.9 79.2 36.2 81.3 804 1219
HU.D . . . . . . - - - .
AVE. 63.2 40.3 27.0 In.3 92.9 4045 7012 42.5 93.2 89,9 117.3
1977 PLYNOUTH FURY 49S 33.9 157 Sé1 Ded 24 Ged - 63 - 46.0 -
2409 271 3.2 11.% 321 6.3 . Q.8 - 34 .4 -
. . - 11.0 Gel . - - - . .
AVE 29.2 201aa Q.2 10.9 138 6ed - 8.0 - 40.2 -
1978 BUICK V6 TURBOCHARGE 3.5 248 249 3.0 4.8 3.2 2.7 3.0 6.0 13.2 1%9.3
204 1.6 1e6 3.0 3.6 4.1 Se3 TeD Se7 162 168
3.2 - - . - - - - - . -
AVE 3.0 22 2e2 3.0 4.0 3.6 4.0 Se3 S8 4.7 15«8
1977 PLYMOUTH FURY CALIF 0.9 0.7 03 0.7 0.3 Oed 3e Oef Q.8 OeS 52
0s 0.0 0.0 2e6 3.2 0ot 2.7 3.0 31 4.3 283
. . - - . . - - - . 18.7
AVE 0.7 0.3 0.4 1.7 1.7 0ed 3.0 3.0 65 240 174
1978 CHEVROLEY ST W-CALIF 2.3 1.9 . le®@ 05 1el 0.9 0.8 0.8 1.6 240 10.7.
3.1 2e8 39 6s2 1% 07 2e1 13 1.1 4.8
. AVE 27 2.3 29 3ea 1.2 1.2 Ce8 14 | Y ) 1.8 Te?
1978 FORD PINTO CAL 3 wAY 405 6.0 2.2 3.8 3.8 et TeS 4.3 3.2 347 Sel
3I7.4 30.2 2645 S5 a7 Sed 3.1 2.7 -0 10.1 40
31.8 - . . . . . ‘1«8 - - Be2
AVE 2446 18.1 14.4 4.7 4.3 T2 Se3 2.9 2.0 69 Se7
1978 Ve RABBIT CAL FU-INJ 1665 40 Se1 S.0 8.3 14,7 - 172 - 32.9 -
385 246 2.4 6o 8 10.3 1641 - 30.6 - 40.3 -
AVE 275 3.0 3.8 Se9 9.3 134 - 23.9 - 36.6 .
1979 DODGE ASPEN CALIF,. 3a1 4.7 4.2 5.9 S 3.6 3.4 4.7 3.3 Te0 60
3.3 3.9 3.7 6e2 5.0 4.4 4.3 35 S0 6.0 Be2
ave 3.2 4.3 3.9 6.0 5.2 4.0 4.0 4.1 4.1 6.8 Ted
1980 MERCURY PROTOTYPE - 5.9 4.3 1.7 35 | Y. 3.0 3.0 3.3 2.9 3.0
. 3e4 - . 243 4.7 - - - 2.7 17
AVE . Re7 4.3 | Y 4 2.9 3.1 3.6 3.4 33 2.8 23
1980 BUICK REGAL PROTOTYP - 1.0 0.2 Ce? 0.0 1.4 0.6 0.7 06 3.2 13e2
. 1.3 . . 0.6 2.9 - - . 244 1.7
AVE - 1e1 0a2 Oe7 [ Y] 2e1 0.0 0.7 0.0 28 128
DATSUN PROTOTYPE Va0 te8 19 3o 1.4 2.8 - 2.8 . 6.2 »
1.0 a2 0.9 4.3 1.9 3.4 - 3.3 - Sa2 -
- . 3.4 . - . - - - - -
AVE 1.0 15 241 3.7 | Y 4 343 . 2.8 . Se7 .
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TADBLE ()

GAS CHFMATOGHAINIC ANALYSES

HO? TRANSIENT FTP — HENZENE « MG/XM
TEMPENATURE F o 20 40 60 TO a0 B0OAC 90 QO0AC 1o 110AC
(cre-18) -7 {a) t1o) 2 (z7) 27) 32) ts2) (43) (a3)
1972 CHEVROLET [MPALA Ad.7 35.4 3a.) SRe 2 519 47 .9 $0.0 628 64,7 7741 84,6
31.0 18.6 2%.06 39.6 34.8 36.9 49.2 S50e1 45.2 7149 530
AVE 39.9 27.0 29.9 48.9 43.2 42.4 49.6 565 8%.0 74,5 68.8
1974 CHEVROLET IMPALA 34.9 2548 34.0 51.9 S51.7 69.4 . 669 . 0.7 .
325 34.0 291 50.1 568.9 63.5 . 64,0 - T73.2 .
- - - 463 - . - - - - -
AVE 33.7 29.9 318 49.4 953 66 .4 - 694 . 82.0 .
1977 HONDA CIVIC 49 STATE 40.1 373 23.8 3249 LL-T% 34.9 - 34.9 - 34.06 -
39.3 27.8 27«4 39,9 33.0 31.3 - 33.7 - 36.1 -
AVE 3v.7 32.4 25.6 3642 39.6 33.1 - 34.3 - 35.3 .
1977 FORD LTD 49 STAYE 89.6 49.8 AT.7 59.9 657 66.4 81a2 [.1- 143 97.3 9%5.2 128.1
53.6 abel B1.7 a8 T72.0 78.0 AL.6 669 92.2 102.9 129.0
61«3 - - . . - - . - - -
AVE B8e2 408.0 49.7 B59.0 o8.Y 725 83.9 66,2 Q4.0 99.0 126.6
1977 PLYMOUTH FURY 4903 3ta0 t8a.2 10.0 16.4 6.2 20.2 . 1R.9 - ad.3 .
19.0 24 .9 18.7 14.4 22.1 14.8 . 20.2 - 44 .8 °
. - - 1%.2 14.4 . . . . . -
AVE 2%.0 2100 1.8 15.3 14,2 17.% . 19.6 - 44,3 .
1978 BUICK V6 TURBOCHANGE 26048 173 B 11.9 117 . 11ed 181 18,5 28.6 777 107.6
157.2 9.0 13.8 1%.0 173 263 18.9 2%.8 32.7 46.9 677
124.8 . ° . . - - . - . .
AVE 102.8 13.1 112 13.4 14.5 18.9 18.3 221 30.6 62.3 B87.7
1977 PLYMOUTH FURY CALIF 4.0 4.3 4.9 2202 9.7 13.6 17.9 11.9 20.06 23a3 31406
62 3.0 203 13.9 121 18.2 159 7.2 2043 26.3 509
. - - - . - . . . . 54 .9
AVE Sel 3.7 3.6 18.1 10.9 13.9 16.9 Te2 20.4 24 .8 25.6
1978 CHEVROLETY ST w—CALIF 4.5 3.0 3.1 2.4 3.9 2.9 4.9 3.8 Te6 75 15.3
o7 Gal 3eb6 2.9 3.0 3.5 2.7 4.7 3.2 12.8 2%42
AVE 4.1 L) 33 240 3.0 3e2 3.8 4.2 8.3 10.2 20.2
19768 FORD PINTO CAL 3 WAY 6al Sl 37 7.0 8e48 1595 11.8 Q.2 5.6 8.0 110
7.8 19.1 14.7 6a7 6e0 T S8 33 43 14.8 68
4.0 . . . . - - 2.6 - . 127
AVE 60 11.6 9.2 6.9 TeS 115 8,8 5.0 5.0 1144 104
1978 vw RABBIVY CAL FU-INJ 13.7 11.0 11.1 B.9 20.2 27.9 . 27.5 . 42.0 o
15.7 10.7 107 16.8 22.7 2%.7 - 36.2 - 4t.08 .
AVE 18,7 10.9 10.9 12.8 215 26.8 . 31.9 . 41.7 .
1979 OODGE ASPEN CALIF. He3 45 67 Te1 T.8 8.0 11.0 10.9 10.0 17.9 24.7
47 6.6 8.8 13.9 11.9 12.7 12.% 1843 167 16.3 21.9
ave 5.0 S.% Te8 109 9.9 10.7 1.7 12.6 13.3 171 23.3
1900 MERCURY PROVOTYPE - 145 16.8 (RS ] 10.9 601 11.8 163 13.4 2243 131
. 110 - - 8.9 16.3 - - - 14,1 11.6
AVE . 12.7 16.8 1le1 9.9 a1 .2 11.8 10.3 13.4 18.2 12.3
1980 BUICK REGAL PROTOTYP - 105 6.4 9.8 10.4 Ged 8.3 Sed 6.0 195 23.1
- 10.8 - . 12.0 8.8 - - . 13.9 209
AVE - 10.7 Ged 9.8 132 Te0 8.3 S.4 8.0 16.7 28.0
DATSUN FPROYOTYPE 6.1 39 3.8 67 3.8 4.7 . S.6 - 13.6 .
[.7Y ] 3.8 240 3.6 3.8 6.6 - 8.3 . 10.3 .
. . 3ea - . . . . . - .
AVE 6a2 3.9 33 .79 ] 3.8 3.8 - 58 - 12.0 .
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FUEL ECONOMY

Fuel economy results were calculated using the carbon balance
method which is based on the total carbon consumed. The fuel economies
obtained by all of the various test procedures are discussed in the
sections that follow. Figure 15 illustrates the fuel economies obtained
with the three phases of the FTP while Figure 16 shows the fuel economies
for the composite FTP plus the other procedures run.

Federal Test Procedure-Cold Transient Phase-Fuel Economy--

Table 91 shows the fuel economy in ki]ometers per liter (km/1) for

TAuLE 9] F 1 P COLD THRANSTENT = FUFL ECONDMY KM/L
TEMPERATURE F o 20 40 (7] 70 1] 80AC 90 QO0AC 110 1 10AC
(CYi=1m) {(-73 ta) (16) 21 t27) 27» (32) {(32) (a3} (a3)
1972 CHEVROLET IMPALA 280 301 4,08 4.87 Selly Sel2 Qals S5.17 4.83 5435 4.7
2 ob8 359 304 4.1 4.060 4.90 4,406 502 4.5% 4.79 440
AVF 2.74 3.70 .07 A.at 4 . Hb S<00 4.59 S.10 4 .68 5«06 456
1974 CHEVROLEY IMPALA 2e8Yy 2510 4,01 HeB8Y 4002 459 . Sel2 - 4.97 .
2.7 2.87 3.41 Q.41 4,53 4.96 - He24 . Sel1 .
. - . LTS ] . . - . - - -
AVE 2 59 2.8 .68 4.7 852 Qe77 . 5«18 - 504 .
1977 HUNDA CIVIC 49 SVATL SelH 5S40 Teh9 Bae3R B.88 9atll . Q.4 . 9.97 -
Se23 Sebl 8.72 teD7 V.09 909 . 9.43 - 9.11 -
AVE 520 SedI [-¥ 1.1 Bea?7 B.98 910 - Qed2 . Q52 -
1977 FURD LTD a9 STATE 3.2 363 3.94 4.1 420 aall 4,39 4.04 A4.04 4.50 asl2
3a00 369 4000 4438 4.39 4.39 4.76 . 4.93 4.5 . 4a061 3.98
3.47 - - . . - - . - . -
AVE J.41 3006 4.00 4.44 4032 4055 4087 478 4409 459 405
1977 PLYMOUTH FURY 499 Jeat Je98 LT ] . LXY 24 Sad2 - 3«31 - S5e34 3
3.43 .00 3.8 4 .40 4.9 4.90 - 5«10 . Sed?7 -
- - . 400 4.7 - - - . - -
AVE Je82 3.89 410 4eD3 4.82 Sells . 5.20 . 5.45 .
1978 BUICK V6 TURBUOCHARGE - 3TO 430 Sells e 82 Se6H 4.9) 6.23 5«57 Gad Set3
3208 3.92 4.08 Be26 Se43 Se 70 be2s GelY 535 5«51 552
3.18 - - . - - . . - - -
AVE 3.23 3.84 Q22 De22 He 37 5.069 5.07 be21 S5e406 5.94 5447
1977 PLYMOUTH FURY CALIF 3.47 387 “4a0 Qa1 432 4.89 a.10 4 .40 4.19 450 Ae26
.47 3.82 4.10 4 .30 4,15 4.37 4.28 4.47 3.98 435 3.90
- - - - . - - . - - 3.7}
AVE 3a47 3e84 4013 .22 423 4a62 4022 4,47 4,08 4443 3.9
1978 CHEVROLET 57 w—CALIF 3.28 3.82 8.29 A 4TS S.01 a.Tl el 4a76 D23 4 046
J.02 3. 02 425 a.07 4.85 5.03 8 .061 5,07 4,65 Sl 4.80
AVE 3035 3«87 .27 4.07 4 .80 5.02 44006 Sa11 4.70 .19 4,02
1978 FORD PINTO CAL 3 WAY 4.28 4 .89 650 Sa74 6.20 6455 Se 70 7.29 644 Ta26 6094
423 4.98 Sa13 beB2 [.TY 1] 710 657 Ta22 [.¥3-T} 736 780
3.72 - . 3 - - . Tealt - . 640
AVE 4 .00 4.93 Se74 Se.78 6e33 bell) bela 731 6.49 731 T e00
1978 V¥ RABBIT CAL FU~-INJ Selt S.00 LY ] T.23 T 40 7.87 - 8.13 - 8.13 -
Se21 6.02 640 7.20 TaA7 Te93 - T.97 - 8.01 -
AVE Be23 Sets I 6445 T2 Te43 T+90 - 840> - A.07 -
1979 DUDGE ASPEN CALIF. 3a21 3065 LT XL He20 e840 LYY ¥4 Sebl 5.80 D552 5.58 5229
C 3ed% 390 3.89 Yelly 5. 08 LY N} Se20 Se69 . De28 SeT2 SelI2
Ave 3.28 3.77 4ol bell Se24 Heds D4 Be74 8.40 Be.6D B33
1960 MEHRCURY PRUTOTYPE . b0 4031 .08 B.07 S.69 S8 3.82 B.07 6.00 Be82
- ERY 3] - - 3.97 5.83 - . . 0.02 B8.63
AVF - L1 4.9 .08 B.62 ta.01 LedB beB2 85.87 604 Se02
1980 BUICK REGAL PROTOTYH - 4.92 bS.02 X% ¥4 [.XX ¢4 6eb0 bela 718 6e20 Ted) [ T3-3)
- 5.07 - - 6a71 .70 - - . Te18 Gt
AVE . 5.00 5.0 LYS ¥4 6.73 8.78 Oe34 714 B8.206 T3 bl
DATSUN PROTOTYPE LY X4 680 8.02 B.07 9.80 10.10 - 10.38 - 10.79 .
5492 6.90 - 898 9.77 10.07 - 10.23 . 111t .
. - 7ol - - - - - . - -
AVE S5.89 6.85 7.92 6.82 9.78 1009 - 1030 - 1095 -
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(Data points not connected by a line are the results of air conditioning rums.)
Figure 15.
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the con transient phase of the FTP. This phase of the procedure gave

very poor economy with the poorest economy occurring at 0°F (-18°C). Air

conditioning operation reduced fuel economy.

best economy in general.

FTP.
the cold transient phase of the FTP.
ambient temperature unless the air conditioners were on.

The lighter cars had the

Repeatability was considered to be satisfactory.
Federal Test Procedure-Stabilized Phase-Fuel Economy--

Table 92 lists the fuel economies for the stabilized phase of the

Datsun gave the best economies.

The fuel economy improved substantially over that obtained during
Economy generally improved with
The Honda and

TABLE 92 F 1 P STABILLIZLD ~ FUEL ECOUNOMY KM/L
TEMPERATURE F o 20 40 60 r0 80 BOAC 90 9Q0AC 110 3 10AC
(cre-18) -7 ) tiu) 221 27 27 t32) (32) (43) (a3)
1972 CHEVROLET IMPALA 4.20 LYY 3 a.32 460 4.90 415 4,69 4.83 4.33 4.9 a.18
4.l 434 3.76 4.0 4.00 5.03 4.58 4.91 433 a.67 3.8H
AVE 41?7 YY) 4002 4 o006 Loy 4o Aot aa87 433 4.79 4.03
1976 CHEVROLLY IMPALA 3.85 3.97 aedd 6e32 a.ra 4.80 . a.86 . 4.50 -
“es7 434 4.30 4.60 a.67 4.3 . 4.9% - 4.80 -
- - . 4.50 - - - . . . .
AVE 4.09 Y 1Y 4.28 5402 a7 4.81 - 4.90 . 4.69 .
1977 MONDA CIVIC 49 STATE B8a16 886 1006 10.24 10.09 10.81 - 10.73 - t.02 -
8.22 8.%58 10415 10.20 10.84 1077 - 1091 - o7 -
AVE 8419 Be.72 10.31 1022 10.56 10.79 . 10.82 . 10.3% -
1977 FORD LYD 49 STATE 4.3 4.5 4.50 5429 4.93 S.41 a.78 Se26 4.21 Sell 4.14a
4034 4068 4,65 4290 4.80 $.07 4.51 8.26 4.40 S.00 4.05
4234 - - - - - - - . - .
AVE 427 4066 4e58 8409 4 o806 523 468 5.26 4.30 510 4.09
1977 PLYMOUTH FURY 49S 7S aa.73 4.87 6409 5.39 5.62 . 5460 . S.40 .
.85 4.90 4.85 5.06 533 Seb3 . 5.08 - 5.69 -
. - - Sebl4 Se 34 - .. . - . .
AVE 4.80 484 a.80 5e064 535 Seb7 . 5.68 . 5.54 .
1978 BUICK V6 TURBOCHARGE S a7t 568 8,72 659 6.74 662 S.42 7.02 570 6431 Sell
3.04 5.73 .63 6el9 6.4 6e33 5e60 6eta EYYY) 5 e50 5401
S.47 - . - . - - . . - .
AVE $.60 Se71 S.67 ©e39 6.53 6.47 5.51% 6.72 5.57 5.88 5.06
1977 PLYMOUTH FURY CALIF 4012 4.06 4,24 4.61 5439 4.51 440 4.51 4032 4.57 4.29
. 406 412 4.20 a.4% 4.30 4.63 4.24 4.53 419 a.76 3.9a
. . - . - . . - . . 3.86
AVE 409 4.09 a.22 453 a.78 4.57 4035 4e53 4a25 LYY 4402
1978 CHEVROLEY ST W—CALIF 4,83 4,62 4,82 488 515 Se16 4.063 5.28 4.39 4.97 44,00
LR ¥) 4.57 .75 4.98 8.16 Se 1 4.0z 5.20 430 4.97 4.17
AVE 453 459 479 493 S.16 Sedd 4.62 8.24 4.38 4.97 a.00
1978 FURD PINTO CAL 3 WAY 6032 6.38 6.02 6B 727 Ted2 6.60 7.52 666 T80 693
6.23 LTS 1Y 6.04 7w00 Tel6 803 69> Te62 6e72 Te71 6.87
S .66 - - . - . . 8.21 . . T.18
AVE 613 626 6.03 6.9 7453 Te77 Y% 2 2 2% 44 669 Ta75 6.99
1978 VW RABHIT CAL FU-INY 6e50 694 7506 B8.28 8.42 Bedd - 8.57 . Be82 .
67 Tet0 Te210 He22 8a50 8462 - 8.41 . B.44 .
AVE 6e33 702 Te38 8.25 B.49 8.52 - R.49 . 8.62 .
1979 DOOGE ASPEN CALIF. 3463 B.57 6.28 6050 Y% 4] 6059 638 660 6e34 6450 5499
S50 6,00 6404 6.l 6.57 640 6430 6463 630 6450 6.26
AVE 857 S.78 610 649 6.04 6450 6434 6.64 6432 6e53 6e12
1980 MERCURY PROTOTYPE - 4.68 5e2) 583 5+90 S.89 570 5.8% 5.50 6e12 8.53
4e83 - . 5.93 5.80 . . . 613 S48
AVE . 4TS 521 S.83 5.92 5e8% 5a70 Seis 5e50 6eld 550
1980 BUICK REGAL PROTOTYP . 7.01 7.06 T-73 T.87 T.67 6092 8.60 6.99 8431 657
. 7409 . . Te97 T.78 . - . 8.01 6.91
AVE - 705 7.06 7.73 792 r.72 6.92 860 6.99 8.6 673
DATSUN PROTOTYPE 8.23 8.83 9.91 1055 10313 10.45 - 10459 - 13.04 -
824 BeA6 - P¥Y ) 1021 10e18 1042 - 9.93 - 10.40 .
. - 9.73 . . . . . . . -
AVE 824 8.64 9.68 10.37 10.24 1044 . 10.2% - 11.57 -
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Federal Test Procedure-Hot Transient Phase-Fuel Economy--

The fuel economies for the hot transient phase of the FTP are given
in Table 93. Generally, the fuel economies for this phase were a great
improvement over those obtained during the cold transient phase and also
better than those obtained during the stabilized phase. Again, fuel

economy improved with ambient temperature unless the air conditioners
were on.

TABLE 93 F T P HOY TRANSIENY = FUEL ECUNOMY xM/L
TEMPERATURE F o 20 a0 60 (] [.1:] 80AC 90 . 90AC 110 110AC
(CrY(~18) «(~7) {(s) (10) (21) wr) 27) (32) {32y (a3) (43)
1972 CHEVROLLY IMPALA 493 S5e07 5.30 D77 S.94 6.04 592 .82 5.58 S8.98 B.52
493 5.06 Se066 |- X¥-31 L T%-1-1 5.92 Se24 S.78 Se13 5.9‘ 4+50
AVE 4.93 Sell Sea? % eb9 Se73 5«98 5«56 .80 5435 S5.68 4.99
1974 CHE VRULLT IMPALA 491 5.0t 4.9 7.07 6.19 6.00 - Set2 . 5.29 -
Se30 5.08 S22 Sa3s B4 3.30 - Se45 - S04 -
- . - 503 . - - . - - -
AVE 5.50 504 Se08 a9 S.7% .00 . Se43 - Se.40 -
1977 HOUNDA CIVIC 49 STATE 8 090 9450 10e106 10.%9 10. 74 10,063 . 10.81 . 10.82 -
Q14 Q.88 10.2% 1057 10.97 1096 . 1099 . 10620 3
AVE 9.05 Q.08 10.22 10.58 10 .8% 10.79 - 10.90 - 10.50 -
1977 FORD LYD 49 STATE 476 Q85 S. 14 539 5. 19 SedD S.10 EX%-13 4.62 5.32 4.33
4.79 5403 Sa13 be30 5.06 Se14 4 .80 BSed5 4.82 Se12 4.42
4.P4 - - - - - - - - - -
AVE 4 o0 494 Sel3 5e35 Sel2 Se24 4.98 3049 4.7t S5.22 4.38
1977 PLYMOUTH FURY 495 Sabb Hed1 EX3-1) Se8H SeTH 618 - 6625 . 6.006 .
551 Sad2 S.806 5.69 5.97 5.9 - 6.02 - 6e33 -
- - - SeH3 6.07 - . - - - .
AV Seda Seb) B +09 5«80 3.93 6.04 . 6el13 - 619 -
1978 BUICK VO TURBUCHARGE ©e09 Geld 629 b.806 701 6.99 LeB2 Te12 604 590 Sel1
Sa17 G177 [ TRR) 6.064 680 Gab} 6032 691} Se92 Se706 5.32
5e30 - - - - - - . . - -
AVE 5.49 614 021 67> 6 .90 679 6.006 7«01 5.98 S«806 Se21
1977 PLYMOUTH FURY CALIF 4 .47 4.9 5.048 488 5.00 S.17 4.88 S.22 4.7 4.97 4.51
4.99 Se11 509 520 Se15 %37 4.89 Se26 4.606 Sel? 4.09
. . - . - . - . - - 4.07
AVE 4,93 5.03 5.07 503 5407 Sa17 4 088 Se20 468 S 04 4022
1978 CHE VROLET ST w-CALIF ) Sedd 534 Seb2 Se77 Sa82 S8 Setd 6.02 3.07 Se01 4.83
Sedl Se20 Sesl Se81 5.8% 5.88 8.38 5.93 S5+45 3.59 4.60
Ave Se21 5230 a1 .79 .84 S.80 5.39 5.98 Se20 5060 LY L)
1978 FORD PINTD CAL 3 wAY 6.82 T-18 7«33 734 Telo 826 675 788 699 ' 808 Tl
679 Teld Teats Tea? 8421 Bad3 771 831 733 8.34 Teal
6039 - - . . - - Be50 . - 760
AVE 6,606 710 7.40 7.40 7.98 8.34 720 68.22 Tel0 8.18 Teb7
1978 vVw RAHBBIY CAL FU-INJ Tell T7.87 8.03 B9 871 890 - 9.07 - 8.99 -
7.09 T84 8400 8.79 8.906 9.05 - B.75 . " Be74 .
AVE l«13 T8RS 68.01 B.87 8.03 8.97 - 8.91 - B8.86 .
1979 DUDGE ASPEN CALIF. 5.82 6.09 LY3-14 1.3 6e70 6065 6eD2 a4 6e58 6436 585
Set3 619 Gel? G6ab1 6 oD 6.59 G641 6.00 625 6.37 6.00
AVE Se883 6148 6436 [T ] 6.06 6462 6.406 T 24 681 6306 5.97
1980 MERCURY PROTOTYPE - Se26 S.72 635 60060 6e18 630 641 Ged4 6.07 613
- He56 - - 659 LYY L] - - - 653 0.20
AVE - Seal Se72 635 660 6.29 6030 6.41 S 34 660 6106
1980 BUICK REGAL PROTOTYF . Te25 Tedd 8.27 B4 8.22 Te48 8.60 TeaS Be61 Gab3
- Te22 - . 8.21 8.18 - - - 815 Tetd
AVE . Te24 TedS 8227 B8.33 8.20 TeA8 8.60 TetS 8.38 6.87
DATSUN PROTUTYPE 9e.01 10.33 1113 1178 12.0% 12.05 - 11.74 - 11.50 -
D01 10.34 12.3! 11e45 11.70 1200 . 111D - 11.04 -
- . 10.89 - 3 . L) . - - -
Ave. Q.01 10.34 11041 1101 11.87 12.02 . 1104 - 11.87 -
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Federal Test Procedure-Composite-Fuel Economy--

Table 94 gives the fuel economy results for the composite FTP.
Combining the results of the three phases gave fuel economies that were
better than those obtained during the cold transient phase but not as
good as was achieved during the other two phases. Again, the Datsun had
the best fuel economy, followed by the Honda and the VW.

YAHLE 94 F 1 P COMPOLITE -~ FULL ECONDOMY Km/L
TEMPERATURE F (V] 20 40 60 70 80 BOAC 90 90AC 110 110AC
(COYt=-11) (-2 (a) (16) t21) (27) t27) (32) (32) (a3) {a3)
1972 CHF VROLLTY IMPALA ’ a9 a.52 4.0 490 Se21 4a74 498 Se14 4472 S5e25 4.59
Je80 .32 3.94 LY 43 4,086 9«21 4.710 Sala 4.57 4.88 4.15
AVE 3 .91 Q.42 4.19 4 .86 9«02 4.96 484 Sa14 4.64 5«00 436
1974 CHFVKOLET 1MPALA 305 374 a4.37 6.a1 S.01 5«03 . 5.0% . 4.84 -
4.0 4408 a4e27? 4e73 LYY N 4a9b . 513 - 5.07 -
- . - 8.07 - . - . . - )
AVE .08 3.0 4o sz “al2 A9 Sa0U - 5.09 - 4295 -
1977 HONDA CIVIC 49 LTATE Teld> Te97 Q.a9 ety 10. 37 1037 . 10445 - 10.73
7 o5 8.02 Barl9 Qa3 10«40 10.42 . 10.59 . Q.72
AVE Te%0 8.00 Veld Q.HQ 10.42 10. 39 - 1052 - 10.20
1977 FORD LTD 49 STATE 4.08 4.44 a.h2 el 3 4 .04 el s 477 Sel® 427 Se0s LX3Y:)
4.20 4050 4.0 4 .80 a.77 .03 4 .05 5.24 4.45 4.99 4.13
4e28 - . - - . - . . . -
AVE 4.8 4 .48 a4.h8 5«08 4.8 S5.08 Ae71 Se2) 4 .30 .02 410
1977 PLYMOUTH FUKRY 495 LR-1.) 4.7 497 Heb s Ses7 Helt - 570 - L¥%-1- .
400 479 480 He0t Hel9 el - S04 - Se843 -
. . . Detsd $e 37 - - . . - -
AVL 4 .08 4.70 4t Gaes? S5e 87 5.060 . S5.67 - 509 -
1978 HUICK VO TURBOCHARGE 4091 BSe2s S.%1 Gedl Gedd bead9 Be40 ©eB7 Be76 be23 SelB
LRY1] Bed3 Sesd 6bae0l 6e24 626 S.69 6e51 554 SeB7 Sul9
4073 - - - - . - - . - -
AVE 4eb) Se28 Sed2 6e19 Gess Galt Sedd 6468 5465 S.8R 5.18
1977 PLYMOUTH FURY CALIF Qels Q.23 Aed) 457 5403 4.75 4.50 4.60 a..39 4.606 4.34
4.2 4.28 4039 4.60 4.07 471 Q.41 4.70 4.26 4.76 3.97
. - . - . - - - . - 3.88
AVE 4e13 4425 4.40 458 Q.73 4.73 445 4.70 4.32 4.71 4.006
1978 CHE VROLET ST wW-CALILFf 4028 4e%9 4«89 5 0% Se22 Se30 4.83 5.43 4.064 519 429
4.4 .58 4.79 bel1 S5.26 Se30 4 a0 Se3b 4067 Sel? LY I
AVE 4.3 458 A .84 S5.08 5.24 e 30 482 5.39 4.65 S5.18 4435
1978 FORD PINTO CAL 3 WAY 587 La.18 GaT7 CeT2 Tels 7.48 Gadd T57 670 T74 705
S .80 6209 605 beB3 T e%H6 792 T.06 770 [.XY-1) 779 Te18
Se 34 - - - - - - Be11 - - Teld
AVL 5ebb Gell X3 beT? T el T a9 6aT7a Te79 6.77 Te?77 Tel12
1978 v HABBIT CAL FU-INJ Gaeds 6s84 T.42 B8.20 8.26 Baa3 - 8.01 - 8.71 .
Gelb 7.02 Ta2s Bald 8.41 bebdb - 8.41 - Be03 .
AVE be2% ©0e93 Tes2 Belts B8e34 B850 - B8e5) - B.57 -
1979 DOOGE ASPEN CALIF. 492 Set3 S.42 ba22 641 639 624 ba.48 6.21 62> 5.80
4093 Bedd S.46 639 6.20 622 6.00 6.40 605 632 600
AVE a.92 S5.28 S.63 Be21 ©e30 6es0 610 Geb s teld 6029 3 o0
1980 MRERCURY FROYOYYPE - 4.50 511 S.78 6.02 Dey2 S.82 5.99 ST Ge2% B8.70
. 4.67 - - 6002 5.90 - . - 621 8.08
AVE . 4.58 a1 Se 78 6.02 5«91 D882 5.99 .71 Ga23 569
1980 BUICK HEGAL PRUTOYYP . 650 6e62 7«59 TaT4 Teb1 693 8.20 G99 Be21 6«57
- 609 - - Te?3 Teba - - - Te86 6.87
AVE . [-7%-11 6.02 Ta59 Ta74 Teb3 6.93 8.20 694 8.04 672
DATSUN  PROTOTYPE T89 Ba04 9.73 10.39 10.61 10.76 . 10.83 . 12.09 .
T 91 849 Q950 1022 10.40 1073 - 1029 . 1085 -
- . 9.53 - - . - . - - -
AVE 790 BeS7 9.61 10.30 10.54 1075 . 10.%06 - 11.44 -

143



Highway Fuel Economy Test-Fuel Economy--

This procedure, with results given in Table 95, should give good
fuel economy since it approaches constant speed operation. The effect
of having run the SET test first at 0°F (-18°C), 40°F (4°C) and 80°F
(27°C) generally shows an economy improvement over those at 20°F (-7°C)
and 90°F (32°C). The same effect was not observed when comparing results
at 40 and 60°F (4 and 16°C) but this may have been the result of the
.fue] change. Again, air conditioner operation reduced fuel economy.

TanLr 95 HMIGHWAY FUEL LCONDMY TEST — FULL ECUNDWY XM/L
TEMPERATURE F (4] 20 a0 Y r0 “o B0AC Q0 90AC 110 110AC
tCre=-16) -7 {a) [N )] (21) t2r) (27 (32) (320 (43) ta3)
1972 CHI VROLFT RIMPALA T o0 6295 Teld HabhY B.49 B8.73 7.A2 8.a7 7.52 8.5% 831
Gel? Gel9 6e92 Tabh2 Va2 779 708 7006 673 Tt 637
AVL 702 XY, X4 703 H.07 7«80 Ha24 Tabd Ba006 TelO A.07 Te21
1974 CHi, VROLET IMPALA Helst 60 Hall 9ty 7 Ted) Tas0 - Tea7 - 7-00 -
6ottt 670 7.00 Te26 (LX) 7.48 - 7.27 - Tela -
. - - bau2 - . - - - - -
AVL 6o T2 HetH 6.t 7.78 r.17 Tea? - T.37 . 7.07 -
1977 HONDA CIVIC 49 STATE 31 aM0 1199 12 o5 1311 13.14 13.27 - 13.24 - 13.44 -
11a98 1218 12.97 1 3.0 134062 13.37 - 1325 - 13.47 -
AV 1l B0 12.08 12 491 1323 13e38 13e32 - 1324 . 13.46 -
1977 FURD LTD 49 STATC 6.12 ba.18 675 beal 6.08 SeB4 6069 6a02 Se61 5«90 GeD9
620 682 6a92 6.91 6.0 6.4 633 Te20 6.21 6435 504
6.23 .. . - . - . . . . .
AVE - X L] bad0 XXX ] 609 6.07 S5.98 651 690 5.89 el 571
1977 PLYMOUTH FURY 49S Tabs Te18 790 T oAb 7T.01 BeS6 - Be28 - B89 -
Ta32 752 7.1 Tl 8.00 809 - Te?71 Y 8486 -
- - - Teba Tedd - - - - - -
AVE Ta22 Tesd Te94 Teda Tebl 8. 32 - 798 . 8.67 .
1978 BUICK VO TURBOCHARGE Bert) 8.60 8.70 Sel7 912 Feb Te59 Q34 T.78 Bell 7006
LY 8.5 a.u85 9.00 9.0% Q.12 8.42 9.05 7.80 8.87 7.06
He69 . - . . - . . . - -
AVL 8ar3 BeH9 817 QO .08 9e29 T.98 Q19 Te79 8e47 7«00
SYUTT PLYMOUTH FURY CALTF T.19 T.29 6.97 678 6o ls9) 7.60 7.03 T.22 YY1} 6.82 612
729 Tab2 LYt} 709 bL.5} Te2% 660 Ted2 Se90 670 6elB
- - - - . - - .’ - - B.T79
AVF .24 740 Gew2 691 ‘GeBL 7.44 6ol 7e32 GelV 6.70 602
1978 CHEVROLET S1 w-—CALIF - XS2 ] 6.90 7.20 749 TedT Tab? T o3y Tel9 678 6«89 6510
& ats 672 Tels Te93 T .49 Ta73 T et Ted7 6.85 704 Geld
AVE G ettty G814 Ted7 Te30 Toa8 Tebl Teal Ted7 6.82 G977 613
1978 FORD PINTD CAL 3 WAY 9.0 Y0 Q.78 0 .85 10 3% 10205 F.ba 10.48 Q.41 1102 10.006
9.9} V.20 9.81 1018 10.906 Ilezs 1002 10.80 Q.78 11.07 9.93
Qetl - - . - - - 1111 . - 10.00
AVE Q.33 .4} Q.79 10.01 10.04 11,02 Q.73 1079 959 1105 1000
19768 vw RABHIT CAL FU-INJ Q.40 .97 10.54 1149 1125 1lel0 . 11e45 - 1162 -
Q.28 10.09 1043 1098 1118 11e08 - 10.81 - 13.21 -
AVE Q37 10.03 1048 1123 11.22 12.41 - 1112 . J1.41% .
1979 DUDGE ASPEN CALIF . £.00 796 Ba065 B850 B.69 B8.90 8e062 a.80 B8a25 Be72 Ba03
Be0S B.05 8.09 Bed6 Bedb B8e78 Bear9 Beb7? 8e23 BaeaS B8.29
AVE & o022 8.00 8.306 HBed3 8.02 8.84 855 8.7 Be24 8.58 816
“ L 12 8.70 V.11 8.30 Q.32 B8.19
RC PROYOVYPE - lTeDV [.XX 1-] HBel2 Yel) Do
1980 MERCURY . 7.806 . - 9.03 8.98 . - - 9.21 .67
AVE . Te72 B8.40 872 Q.12 9«05 8.70 Ol 8.30 9.26 Bed2
1660 BUICK REGAL PROTOTYP . St} 10e21 10407 1073 11«07 10405 10.88 9.53 11.14 9.23
- Q.71 . . 10.R7 10.97 - - - 1300 930
AVE . 9.76 10.21 10.07 10.80 11.02 1005 10.88 9D 1107 Q.26
DATSUN PROTOTYPE 14 .28 14011 14,87 15259 1591 1642 . 1577 - 19.88 -
14 .28 1531 1502 1949 15 30 1622 . 19.44 - 18.62 -
- - 1511 - - . - . . - .
AVE 160.28 14,21 1500 1554 12e03 1be3? - 1560 . 17.49 .
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Sulfate Emission Test-Fuel Economy--

The fuel economy results shown in Table 96 for the SET procedure
were somewhat poorer than those achieved with the HFET. This higher
speed test with more accelerations would be expected to give poorer fuel
economy results. The best fuel economy occurred most frequently at 80°F

(27°C) rather than at 110°F (43°C). Again the use of the air conditioner
reduced fuel economy.
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TaBLL 96

SULFAYE EMISSION TESYT

-~ FUEL ECONOMY KM/L

TEMPERATURE F (4] 40 80 8O0AC 110 110AC
(C) (-18) (a) 27) 27) (43) (43)
1972 CHEVROLET IMPALA 6el17 639 TeldB 692 723 T.04
6,10 6,248 6,96 6441 6 459 Se47
AVE 6eld Gedl} Tel? 64066 691 625
1974 CHEVROLET IMPALA SeB3 6005 656 L) 5693 .
6ela 6.09 672 - Te31 .
AVE 5.9R8 6.07 6+064 . 6662
1977 HONDA CI1VIC 49 STATE 10.39 1175 1229 . 12633 .
10.34 11.86 12647 - 114,39 -
AVE 1036 11.81 12.38 . 11.86 .
1977 FORD LTO 49 STATE 546 629 Se?77 6020 6603 Se28
S5.81 6«26 6.08 6421 5.97 4 ¢ 64
596 - . - . .
AVF Se74 6.28 5.92 621 600 4496
1977 PLYMOUTH FURY 495 650 7.00 Te34 - 7e28 .
6eR3 Te.14 T +45 . T.45 .
AVE 6e67 7.07 T+40 . 7 637 ‘®
1978 BUICK v6 TURBUOCHARGE Te 78 770 835 6652 6670 617
Te?75 770 R.09 7+48 667 607
7.64 (3 . L] ‘e L
AVE Te?2 7«70 B8e22 7.00 668 6e12
1977 PLYMOUTH FURY CALIJF be3b bell 670 6009 5 e9a 550
6.24 6el4 6.18 5«95 5.83 Se 36
- o . . - "509
AVE 6+ 31 613 6448 6. 02 S «89 Se 32
1978 CHEVROLET ST w-CALIF 6431 657 6696 6,55 6,51 54,60
6e17 6069 7.01 627 653 S5e 58
AVE 6e24 6e063 Ce9b 6e4dl 6 e52 Se59
1978 FORD PINTO CAL 3 WAY Be11 8445 9.5% 8621 10.41 8494
B8.19 10.03 10.14 9.08 947 8449
7T 94 . . o . .
AVLE 8,08 9.24 9485 Be 65 9,94 8,71
1978 vw RABB1T CAL FU-INJ 8e%4 9e56 10.30 . 10.26 .
8437 9.45 10.56 . 9.97 e
AVE 8.46 950 1043 o 10611 o
1979 DOLGE ASPEN CALILF, Te2b 8.02 8413 7.886 7693 732
7.33 Teb3 8402 7.81 Te?77 T067
AVE 7+31 T.77 8407 T.85 7 « 85 750
1980 MERCURY PROTOTYPRE . Te20 B8e03 Te7?7 B8 e26 TeA2
- Te248 7 .89 P77 Be.140 Teb1
AVE . Te24 796 T 77 B8.20 751
1980 BUICK REGAL PROGTOTYP . 9,31 10,13 8,98 10,19 8,33
. 9.31 9.87 8.98 10.22 8437
AVE e 931 1000 Re98 10 20 835
DATSUN PROTOTYPE 12.02 13.11 14.53 . 944 .
12.10 13.15 14.07 . 13.73 .
12.006 13.32 1430 . 1159 .
AVE 12.06 13.19 14,30 . 11,59 .
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New York City Cyc]e-Fue] Economy--

Table 97 shows that this procedure of idle and sharp accelerations
had a marked effect on fuel economy. The fuel economy fell more than
50% from that obtained during the HFET and was poorer than that obtained
during the cold transient phase of the FTP.

TABLE 97 NEW YORK CITY CYCLE ~ FUEL ECONOMY KM/L
TEMPERATURE F 20 60 80 80AC 110 110AC
(cy (-n (16) (27) (27) (a3) (a3)
1977 HONDA CIVIC 49 STATE 5.40 6419 6.43 . 6.45 .
6bell 6e51 ) 6e57 ) P 654 .
AVE 5.75 6435 6.50 . 6 .49 .
1978 BUICK V6 TURBOCHARGE 3455 3.82 3.78 3.00 2.55 2.22
3.58 3.65 3.75 3.11 2.99 266
AVE 3.57 3.74 3.77 3,06 2.77 2,44
1978 FORD PINTU CAL 3 WAY 3.78 a.12 4.69 3.93 4.17 3.81
3.66 4028 5e00 4434 4043 1627
AVE 3.72 4.20 4.85 4.13 4430 2.54
1978 Vw RABBIT CAL FU-INJ 4.46 4.95 S5.12 . $e17 .
: 4.42 5.06 5.47 Py 5.02 .
AVE 4,44 5,01 5.29 . 5 .09 .
1979 DODGE ASPEN CALIF« 3653 384 3092 3.71 3.75 3.58
3.63 3.57 3.74 3.59 3.76 3.70
AVE 3.58 3.71 3.83 3.65 3.75 3.64
1980 MERCURY PROTOTYPE 2.50 3.25 3.45 3.4z 3.48 2.96
' 2457 3,25 352 3,42 3.57 3,39
AVE 2.53 3.25 3.49 3.42 3.53 3.17
1980 BUICK REGAL PROTOTYP 4046 4095 4448 ael0 5409 4e20
4.74 4.95 4.59 4.10 4.96 a.47
AVE 4.60 4.95 4.54 4.10 5.02 4.33
DATSUN  PROTOTYPE T 6.3z 6.68 6.69 . 5.89 .
6e21 6+46 6.87 . 6 .09
AVE 6.26 6.57 6.78 . 5.99
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Federal Short Cycle-Fuel Economy--

The results listed in Table 98 show that the FSC, with a warmed'up
engine, produced only a small temperature effect on fuel economy. The
best fuel economies were obtained at 80°F (27°C).

TABLE 98 FEDERAL SHORT CYCLE - FUEL ECONOMY KM/L

TEMPERATURE F 0 40 80 110

(c) (-18) (4) (27) (432

1972 CHEVROLET IMPALA 5.29 5e92 620 6 .28
5,38 5.41 _ 660 597

AVE Se34 5«66 6040 612

1974 CHEVROLET IMPALA Se61 S eS8 Se. 84 Se72
549 Se63 6e19 5486

AVt 555 Seb61 6002 S5e79

1977 FORD LTD S«.98 S5.03 Se B9 S «82
5490 629 €e29 5 .40
.80 . ° . )

AVE 590 Se66 6409 Se61

1977 PLYMOUTH FURY 495S 6659 669 765 6 .67
6.08 Tel2 Te &7 Te02

AVE 6632 690 Te¢65 6085

1977 PLYMOUTH FURY CALIF 5.68 Se81 648 5 625
- Seb2 Se??7 Ge 22 S 653

AVE 5665 Se79 6435 S «39

1978 CHEVROLET ST W—CALIF 5470 Se97 6o 65 4 .27
593 596 6e 45 6e14

AVE. S5.81 S5.97 6,55 ‘ S.21
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CATALYST TEMPERATURES
Light-0Off Time - Seconds

Table 99 gives the light-off times for the catalyst equipped cars.
The "Light-Off Time" was defined as the time in seconds from the start
of the cold transient phase of the FTP until the temperature of the
gases leaving the catalyst exceeded those entering. The catalyst had to
be working for this condition to exist.

The Datsun Prototype had the shortest light-off times at most
temperatures. Other cars with fast 1ight-off times at low temperatures
were the 1977 (49 State) Plymouth, the 1979 Dodge Aspen and the 1980
Mercury Prototype. Gas temperatures were measured by thermocouplies in
the gas streams except for the 1979 Dodge and three prototype cars. For
these cars, surface thermocouples were used. This was done to keep from
drilling holes in the exhaust pipes of the manufacturers' supplied cars.
Catalyst light-off times varied from 67 to 419 seconds.

TaHLE 99 LIGHTY UFF TIML, SECUNDS FEOERAL TEST PROCEDURE

TEMPERATUNE F Q 20 a0 60 70 ao 80AC 90 QOAC 10 110AC
(CY(=1p) {-7) ta) tie) {21) (27) t27) (32) 32) (a3) {a3)
1977 FUKD LTD 49 STATF 9F0. 962. 994, 653, 666, 690. 7201. T22a 686. 716.
. Qa9, 930 950. 603, 609, 640, bhhe 723. 729. 6A9. kL T-T9
957. o430 950. 603 609, 640, 66b, 723, 729. 689, 746.

1977 PLYMODUTH FURY 49S 467, 423, 444, 616. 45H,. 537. $52. S21.

arl. a4l 389, 44T 433, 463, AT8. 549.

arie 415, 389. 408 a97. 463, 478. 549.
1978 BUICK Vo TURUBUCHANGE ont. 543, 566 5924 $73. 596, 522« 579 537. 652
676, 633, (-3 I-7% 30, 5062 SH1. S69. 82%5. 593. 644, 629,

695,

1977 PLYMDUTH FUNRY CALJF Havre 8lle 809. L3 &1 P22. rer 81y 799 a2a 710 127
H2C o 80a, 832, L 747 733 7906 T61e o6, 667 732.
763
1976 CHEVROLLY 4T w~CALIF Q1. 836, 804. 9. 7704 701e 813, Tr%. 853, 800, 837,
LI RN 8ba. 831, THS . 769, 753, 81ia. To6. 8206. Tu2. 009.
1978 FUND PINT CAL 3 WAY 744, Lo LY G655 . H24 . T04. 80t . 697, 8va, 559, 870, 13124
670, S26. 1006. 815, 592. 628. Sote 87, 7506, 933, 875,
Thoe o117, 882.

1978 ve HARBIY CalL FU-INJ 7. T7a. T37 666« 667, 6L2a 636 65%.

820 760, 745, 6YU. 6H3. 6al 619. 639,
1979 DOLGE ASFLN CALIF. Ala. 3no. 349, 373 399 426e 44t. 429, 411 422, 422,
395 36%. 3606. 368, ELL M 397. 420, 43%. 422, 438, 430,
1980 MENCURY PRUTOT YL 36l. 3IT%. IH2e 312. 409, 410 407. a27. 39%5. 423,
363, 333. 412, 436,
19RU BUICK REGAL PROTOVYP 506, Sla. ). S07. LR LI S70. 5$30. 576 S$31. 553
504, 19, 519 560,

DATSUN  PROTOTYPE 209, 292 299. 265 340, KESBY 349, 397.

27t 300, 25%0. 2H2 . 310, 309, 328 3a6.

27%.
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Light-0ff Temperature - Degrees F

Table 100 gives the light-off temperatures associated with the

light-off times.

This temperature varied from car to car but usually
ranged from about 400 to 1100°F (204 to 593°C).

Temperatures of the

1979 Dodge and three prototype cars cannot be considered representative
of the exhaust gas temperatures because of the use of surface thermocouples.
However, trends in temperature direction were observed.

TABLE 100 LIGHT OFF TEMPERATURE — F FEDERAL TEST PROCEOURE
TEMPERATURE F o 20 40 60 0 80 80AC 0 90AC 110 110AC
(CH et~y -7y ts) t10) (21 (27 t27) t32) 32) ta3) ta43)
1977 FPORD LTD 49 STATE 200 2406, 32, 130. 133, 122. 124, 130, 138. 130.
283, 294 300, 140 139. 148, 137. 133, 133 139 144,
280,
1977 PLYMOUTH FURY 495 79. 128, 228, 216. 123. 187. 120, 129,
78. 115 12t. 130. 136. 123, 130. 129.
125«
1978 BUICK V6 TURBOCHARGE 315, 344, 332. 326. 328 330. 347. 338. 3aa. 324,
345, 321. 320. 339. 332, 33s. 337, 347, 338. 327. 330.
311.

1977 PLYMOUTH FURY CALIF 143, 142. 121. 133, 106. 122 [ B -] 122 118 ne 118,
130. 145, 142, 122 17 120 11% 126. 12%. 134 117
118
1978 CHEVROLEY ST w-CALIF 276e 319, 310. 314, 31%. 326. 330, 310, 321. 310. 327.
226, 319. 310. 310. 3la. 319. 329. 324. 322. 309. 327.
1978 FURD PINTO CAL 3 wAY 120 250. 294 . 117, 12%. 151s . 13%,. 311. 156, 329. 245,
1204 189. 272, 126. 140. 189 160. 260. 187, 318, 308.
3130, 307. - 190.

1978 vw RABBIY CAL FU-INJ 151a 132 130. 159, 141, 144, 153, 153,

140, 131a 13850 137 138, 143, 150« 158
1979 DODGE ASHFEN CALIF. 75« T 7i. 83 76. Q6. 9. 100. 76, 99 3.
67. 119 r4-TY T2 69, 8. 107 103, 80. W2e 98.
1980 MERCURY PRUTQTYPL 336. 310. 195 192, 279 302. 306. 306. 311. 31%.
J16. 200. 3i1. 308,
1980 BUICK REGAL PROTOTYH AO0R . 407. 30a. 3918, 407 380« 401, 3M8. 419 4008,
399. A08a 405 403,

DATSUN PROTOATYPE 169, 1224 138. 163, 198, 198, 198. 209.

165. 191, 129. 165. 163, 191. 192« 197.
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Maximum Catalyst Temperatures

Federal Test Procedure--

Table 101 gives the maximum exhaust gas temperatures obgerved after
the catalyst for the FTP. After monitoring 1ight-off conditions at the
fastest recording rate, the instrument was switched to record at one
minute intervals. Because many accelerations and decelerations took
less than one minute, it is quite possible that true maximum temperatures
were not observed. With this limitation, the data in Table 101 and the
following four tables should be considered as indicative of trends only.

For each vehicle, the catalyst seemed to operate at a characteristic
maximum exhaust gas temperature independent of the ambient temperature.
It is generally true that use of the air conditioners resulted in higher
maximum temperatures.

TABLE 10]) CATAL VS IEMPEUATURE o MAX, FLDOHAL TEST PROCLDURY

VEMPERATURE F o 20 40 60 70 80 BOAC 90 90AC tio 110AC
(CH(~18) (=71 tay (16) 2 27y (P21 329 32 tais) a3y
1977 FOMD LTD A9 STATVE 1053 1072, 1056, 1109, 1073, 107H. tos3. 1052, 1093, 1055, 1089,
1030, 1021, 1032, 106%. 1075 . 1090, 1109. 1080, 1106. 10R5. 1069.
1026,
1977 PLYMOUTH FURY 495 860, 881, VKU . 937, 964, 956, 967. 944,
: 993, B69. 8ar. 909 209, 963. 96 7. 955,
239,
1978 BUICK V& TURBOCHARGE 8as, 836, 866, A64. BA8. 879. 8065 9a4. 1079. 1100,
1054 ¢ B60. 980, 850, a9%u. R92. 838. 931, 1006, 1056,
837,
1977 PLYMOUTH FURY CALIF 1201, 1107, 1060, 1059, 1053, 1120 1144 1178 1192 1151 1243
[RLTN 1162, 170, 1077, 1142, 1094 1134 157, 1190, 1237 1037,
1354
1978 CHFVROLETY ST W~CALIF 971, 863 922, AL, 868, 850, 905, 909 978, 967. 990.
972, 8924 869, O3, A4 0. 84t. 893, 874, 938. 979, 1029..
1978 FORD PINTO CAL 3 WAY 140, 894, 6T, 1167, tiit. tonz. 10865, 922. 1041, Q65. 1127,
1040, 1007, 1015, 1001, 1009, 9B, 1036, CLY 1041. 963, 922,
1106, 994, 1143,
1978 VW WABBIT CAL FU~INJ 1149, 1145, 1133, 1114, 110%. 110:. . 1104, 1026,
1164, 1143, 1. 11030 1101, 1094, 1069, 102R,
1979 DODGE ASPEN CALIF. [ RT 116, [ETRTIN 100 Qua LI PRTWN 806. az7. 850. 864.
1164, 1115, 1119, Q. 9rn, 9506, 9ua. B11. 840, 866 863,
1980 MERCURY PROTOYYPE . a62. 460, a6, as7. aal. 443, 460, ars. 450, a8a.
aTh. aas. asH. aba.
1960 OUICK RFGAL PROTUTYR S6e 574, 502 HoH. Suy, 60He 5h2. 5THe 618
5uhe S6a. 590, 626.
DATLUN  FRUTOVYHE 6h3a 63¢. 582. 616, 6ehe 627. 643, 677.
(Y™ 618, 605, 606, 612, 626, 64%. 6R 3.
576.
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Highway Fuel Economy Test--
The maximum exhaust gas temperatures after the catalyst for the
HFET are given in Table 102. The differences in exhaust gas temperatures
between cars are greater than those between ambient test temperatures
and also between the HFET and FTP procedures.

YABLE 102 CATALYSTY FTPMPFRRATUREs MAX,HIGHWAY FUEL ECONOMY TEST
TEMPERATURE F o 20 40 [3Y ] 70 80 80AC 90 Q0AC 110 110AC
(Cr{-18) (-7 (a) (169 t28) (27) 27y (32) (32) (43) (43)
1977 FURD LTD &9 SYATLE 115 EIST7e 113he 12345, 1223. 1253. 1197, 12406, 1213, 1118. 1177.
1137, 1094, 1117, 1148, 1198. 1207, 1227, 1210, 1217, 1153, 1153,
1130,
1977 PLYMOUTH FURY ags 1020, 999, L EL¥Y 1022. 1018, 78 . 980. 981,
1037 . 904, 934, 1027, 1025. 1002. 1024, 966.
1071
1978 BUICK Vo6 TURBOCHARGEL Tab,. 833, [- 1. T Y 8u9, 88%. 947, S64. 1023, 1290, 1269,
759. 864, Buu,. 885. 925, 907. 893. 972. 1136, 1209«
741

1977 PLYMOUTH FURY CALIF 921 965 974, 991 1013, 1010 1039 1086 1287 1374 1337
912a 89a. 95 3. OHhH e 1NaA. 1039 1149 1070. 1196, 1862 1334,
1377
1978 CHE VROLEY ST W-CALIF 911, Slbe 928, 956« 949, 955 9H0. 975, 1034, 1071. 1158,
. 938 Qatre 9350, 98, Qal. 2. Q60 958, 1023, 1049, 1124,

1978 FORD PINTO CAL 3 wAY 72, 930. 904, 1041, 94an, 939, 1076, 937. 1050, 928,
890, 1006, 1064, LR L 894, 899, 95%, 896 995, 954 . 991.
Q2H. 1% 1101,

1976 VW RABGIT CAL FU-INJ 1173, t1vd. 11a%,. 1133, 1163, 1154, 1131, 1050,

1184, 1146, B13a, 11bl1. 11951, 1141, 1111, 1084,
1979 DUDGE ASPFN CALIF, 821, LIET I Ashe H51 4458 [.175 IS L T7Y -LY- 885, 868, 915,
Hio. Bive H00. H51 « 859, 8% 3. 858 871. 8688, 898, 903.
1980 MLRCURY PROTOTYPL 43, ara. 457, au9. A74. an7, AH3e 802. 500. 844,
4As. 4%a. . 495 504.
1980 BUICK REGAL PRUTOIYP LYY I bbl. [T LU ET oilte 730. 691%. 709. 745
653. TO694e 703, 753

DAYSUN PROTOTYPE S135. L LY Ha2a 602 . 6206 615, T738.

504 530 544, 6N2 . SH%. 604, 634e Ttoe

530,

Sulfate Emission Test--
Table 103 shows the maximum exhaust gas temperature out of the
catalyst for the SET procedure.
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TABLE 103  CATALYST

VEMPERATURE+ MAXo SULFATE EMISSION VEST
TEMPERATURE F o 40 80 80AC 110 110AC
(Cr(-18) (a) (27) (27 (43) (43}
1977 FORD LYD 49 STATE 1089. 1098. 1199, 1171 1095. 3137,
1088. 1070. 1164, 1184, 1130, 1124,
1080.
1977 PLYMOUTH FURY 49s 953, 989. 982. 977,
1008. 925, 1015, 979,
1978 BUICK V6 TURBOCHARGE 767, 883. 921. 986. 12a2. 1220.
782, 958, 964 . 952. 1156, 1159,
799,
1977 PLYMOUTH FURY CALIF 1029. 1027. 1133 1128 1356 1286
1000. 1020. 1082 1200 1441 1318,
1336
1978 CHEVROLET ST W-CALIF 936. 973. 994, 1092. 1119
951. 938. 9a6. 980. 1068, 1138
1978 FORD PINTO CAL 3 WAY 1029. 958, 1068, 1114a. 976.
965« 1054, 925a 979« 1035 1050
966. 1129,
1978 vw RABBIT CAL FU-INJ 1150. 1133. 1119, 1045,
1182.  1112. 1119, 1058.
1979 DODGE ASPEN CALIF. 824. 832. 863. 868. 904. 922,
825. 830. 861 874. 908. 905,
1960 MERCURY PROTOTYPE S17. 486. 493, 509. 5544
506. 506 535
1980 BUICK REGAL PROTOTYP 652, 665, T7i40 685. 731 e
677, 682, 732,
DATSUN PROTOTYPE S91.  607. 671 758,
589. 608. 670, 737
600,
New York City Cycle--

NYCC are given in Table 104.

The maximum exhaust gas temperatures from the cataiysts for the

reported for this test were lower than for any of the three preceding

tests.

included in this procedure.
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TanLt 104 CATALYSTY IrMpPfFRRATURL,, MAX, NEW YORK CITY CYCLE

TEMPCRATURF F 20 60 80 80AC 110 110AC
¢y (-7) (16) (27) (27) (43)  (43)
1978 BUICK V& TURBOCHAKGE T T78. 904 o 1162, 1141,
767, 805 861, 1037. 1107,
197% FORD PINTI CAL 3 wAY HBloe 807 o B33, 893. 1043,
841, 709, 790 828« 997. 967.
1107,
1978 VW RARHIT CAL FU-INJY 6B7H. RAY . e57. 792«
8746 A50, 830, 806,
1979 DODGE ASPEFN CAL IF. SRY e 616 629 625 665e 667,
97, 616 6728 6366 677 671.
1980 MERCURY PROTOY YL 510. 309, 416 a02, 437. 466,
452, 394 . 42176 432,
19060 BUICK RLEGAL PROTOTYPR 51.9e 543, 548, 569, 579, 597,
504, 5506 568 596,
DATSUN  PROTOTYPE 507 504 o S5H1e 663e
. S00. 565 o 582 663,

Federal Short Cyc]e--

The data in Table 105 show that the FSC maximum exhaust gas temperatures
were lower than those found in the SET procedure. This result was
probably due to the short duration of the FSC procedure and the moderate
accelerations.

TABLE 105 (ATALYST TEMPERATURE , MAX, FEDERAL SHORY CYCLE

TEMPERATURE F 0 40 80 HB0AC 110
(C)(-18) (3) (27) (27) (43)
1977 FORD LTD 49 STATE 847, 935. 864 . 850 767 .
853. 901, 884 . A76.

877.
1977 PLYMOUTH FURY 49S 651 . 668. 638, €76
740 . 585 660 . 671
1977 PLYMOLTH FURY CALIF 744 « 686, 736 13473
697. 702 783 1296
1678 CHEVROLET ST w=CALIF 732 818, 834. 983 .
803. 807. 841. S47.
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Minimum Cata]ysf Téﬁhé}atures

The next five tables show the minimum exhaust gas temperatures out
every test starts at some particular ambient
temperature is defined as the lowest recorded
after that temperature had reached a peak not

of the catalysts. Since
temperature, the minimum
catalyst-out temperature
necessarily the maximum.

Federal Test Procedure--
Table 106 1ists the

minimum exhaust gas temperatures observed for
the FTP: The minimums did not appear to depend on the ambient temperature.
Air conditioner operation usually raised the minimums.

{

TAKLE 106 CATALYSY TIMPLHATURE, MIN, FLDEHAL TESY PROCEDURE
YEMPERATURE ¥ (o] 20 a0 (4] 70 Ho BOAC 90 Q0AC 110 110AC
(CYE~-180) (=7) (a) t16) (21 z2r (27) {32) (32) (43) (a3)
1977 FURD LTL 49 SYATF far. AND o H7R. AGT7 . 906, 90t. 907. 870, 90ta 859, 674,
HiH. Blibe 822, BR3,. 891. 913, [-1.1T-FX 905, 869, 876,
826,
1977 PLYMOUTH FURY 495 H03e 6740 RS 71a. a37. H28. 397. 51%.
LY Y 602 897, Tas. 568, 450 375 545
Tihe
1978 BUICK V6 TURBUCHARGF 703. T2, S6He %90, 792, 592 731, 578, 773 648,
690. 724, 613, 742 550, Sol. Tit. 302, 6404 626,
655,

1977 PLYMOUTH FURY CALIF 706. T20. 752. 756 T26. 643 665 783 Tz 751 843
TH. Ta7. 760, 761, 80t. 792 787 7. atl. 619 072,
956
1978 CHEVROLETY ST wW-CALIF [ -8 639, 2%, 799. 654, 649. 790, 772, 8524 797. 836«
630, 654 650 743. 638. 641, 677, 667, 603. 780, a07.
1978 FORD PINTO CAL 3 wAY 71R. 629 %599, 722, 698. 606. 691. 635, 711, 693, 7530
ota, 6lue 609 709. 592, 567 566, 637. 681, 683. 688,
622, 63G. 755,

1978 Ve RAHMHMIT CAL FU-INJ Mm7e TTda T, Pl19. ait. R26. 817. ai2.

. E1l6. 857 Baa, 828. A2a. BUS. 799. 813.
1979 DUDGE ASPEN CALIF. 359, 54t o L. [-Ye] ] 608 619, 633, 625, 640, 667, 60O
573 Y2 & 603, 622, 6204 620. 634, 613, 635, 656, 650
1980 MERCURY PROTUTYPE INnTe. 404, 365, 370. 374, 3n0. 392. 421, 392. 417
410, 346, 395, 399,
1960 BUICK REGAL PROTOTYR 456 ahB, AGA . 470, 471, 512, 478, 502. 520,
KL LMY L1 Py 504. 836

DATSUN  PRUTOTYHE D15 a%H . S15. 09 e 5427 Sha. S8 513,

517e 504 . 512 49% . 4% 809 570 618,

504,
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_Highway Fuel Ecbnomy Test--
The HFET minimum exhaust gas temperatures after the catalyst (Table
107) are equal to or up to 200°F (111°C) higher than those found on the

FTP.

TABLE 107 CATALYST TEMPERATUREs MIN,HIGHWAY FUEL ECONOMY TEST
VCMPERATURE F [ 20 a0 60 70 L1 B80AC 90 Q0AC tio 110AC
(CI(~18) (-7y (a) t16) 21 27) 27) t32) (32) (43) (43)
1977 FORD LVI) 49 SYATE 1004, 1030, 10068, 1097, 1096, 1127, 1082, 1048, 1087, 1002. 1085,
999, 80 e onby, 1020, 1050, 1100, 1092, 1073, 1087, 1104, 1028,
1000.
1977 PLYMOUTH FURY 495 817. 839, 801, 858, H47. ao07. 818. 862,
856, Tr2. 789 . HaAY. 824, a3i. 867. 836.
933,
1978 BUICK V6 TURBOCHARGE 686, 746, 810, T69. 832, a74. 903, 950. 1181, 1133,
689 831, aoa, 7824 866, 8aa. 94, 898, 1022 1022,
673
1977 PLYMOUTH FURY CALIF Thhe 51, 812, HY 8758, 806 ass 889 936 1027 1006
70%. T8, 807, LLY Y BAY. 8r2 2 CT.LYY 931, 1340 1052
1103
1978 CHE VROLLETY ST W-CALIF 8a0, Bob. a3, ABa, AB7. 864. 878, 847, 978. 985. 1042,
#ca. 8sa, 844, AS9, 8R0. Rav. 8489, 832, 914, 978, 1043,
1978 FURD PINTO CAL 3 WAY 86%. 817. 6. 853, 8294 821. 937, 83%,. 900. 804.
773, 940, 856. 8aA, 786, 778 837, 813, 856. 83a. a70.
796, 815, 8RB
1978 vw RAHUIT CAL FU~INJ 10725, 1045, 1050, 1036, 1055 1058, 1043, 9ns.
1081, 1045, 1032, 1058, 1054, 1045, 1027, o88.
1979 DOLGE ASPEN CALIF. 676« bha. buT. 1Y) 699 727. 732. 720, 720, 786, 789.
67%. 6% . 67%. 697, Tto. LALTS 741, 726 T02. 783. 7680
1980 MERCURY PRUTUTYPRE 399, ath. 3A0. dra. 395. 40%. 411, 438, 440, 480.
405, 3u9. 439, 4%0.
1980 HUICK RLCGAL PROTOTYW sa9, 563, s65. Se%. 580, 631. 573, 899, 648,
837, 59A, 604, 645,
DATSUN  PROTOTYHE a2, 494, 502, 892, &77. 969, 650,
466 LY.INN 504, 590, 53Ra 5556 5664 639.
491,
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Sulfate Emission.Test--

The results of the SET minimum exhaust gas temperatures after the
catalyst are given in Table 108.
TABLE 108 CATALYST TEMPEKRATURE, MIN,s SULFATE EMISSION TEST
TCMPERATURFE F 0 40 RO 80AC 110 110AC
(CY(-18) {4) (27) (27) (43) (a3)
1977 FORD LTD 49 STATE B8RS, 901. 947, 926, 892. 907.
Bba e BRT0. 941, 951 e 906, 902
856.
1977 PLYMOUTH . FURY 49S 740 724 . 787« 79Q.
. 808. 680, 773 RB16e.
1978 BUICK V6 TURBUCHARGE 662 760 o A38. 858, 1067 1049,
715, 857. 854, R49, 963. 1022
709.
1977 PLYMOUTH FURY CALIF T31e 793. az8 820 1015 1007
719, 7R0. 82% a33 990 1110.
, 1118
1978 CHEVROLET ST w—CALIF 708 . 766. 799, 918, 961 .
T75%e 764 ¢ TSR e T70. 893, 999,
1976 FORD PINTOD CAL 3 wAY 835 776 752 881, 788.
742. 839, 742 813. 792 834,
765 955,
1978 VW RAHHIT CAL FU-INJ 906« AR5, 801. 842,
930, arn,. 833. 86R.
1979 DODGE ASPEN CALIF. SHO . 622 ¢Cazv. 655 707« 7T13.
60R. 622 653 672 e 705. 689,
190 MCRCURY PROYOTYPF 40CR . 3Ra, 403. 417« 434,
379. 420, 424
1980 BUICK REGAL PROTOTYP 490 o 516 548, 5248, 559,
520. 543, 566.
DATSUN PROTOTYFE 4913 . 52%e SH7 644,
490 $25. 574, 645,
517.

New York City Cycle--

The minimum exhaust gas
NYCC are given in Table 109.

Federal Short Cycle--

temperatures out of the catalyst for the

The results of the FSC minimum exhaust gas temperatures after the

catalyst are presented in Table 110.
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. CATALYST TEMPERATURE, MIN, NEW YORK CITY CYCLE

TAaBLE 109
TEMPERATURE F 20 60 8o B80AC 110 110AC
(C) (-7) (16) 27 (27) (4a3) (43)
1978 BUICK v6 TURBOCHARGE 730, 737 820 1054 996
726. 761. 759 969« 992
1978 FORD PINTO CAL 3 WAY 642a 737 697« 727« 911le.
712 681. 652 662. 834. 723«
' 1011
1978 VW RABBRIT CAL FU-INJ 7516 748, 761. 692,
TS2e 755 744, 707,
1979 DODGE ASPEN CALIF. ?99. 587 588. 588, 646« 626
‘5036 542 561 570« 618, 628
1980 MERCURY PROTOTYPE 422, 334, 342, 347. 398. 414
399. 303. 368, 382.
1980 BUICK REGAL PROTOTYP 430, 459, N YLYY 490 . 5030‘ S511e
422 474, 496 513
DATSUN PROTOTYPE 490, 544 525 643a
485, 546 560« 642«
TABLE 110 CATALYST TEMPERATURE, MIN, FEDERAL SHORT CYCLE
TEMPERATURE F 0 40 80 80AC 110
(C)(-18) (4) (27) (27) (43)
L$77 FORD LTYD 49 STATE 840 886 809« 815, 750«
6310 854, 865 798
BET o
1977 PLYMOUTH FLEY 495 599 666, 609, 651 .
716 556K 633, 665,
1677 PLYMOUTH FURY CALILF 695 . 606, 7313 1215
647, 709 1183
1678 CHEVROLET ST w-CALIF 683, 745, 764 . 923 .
802. 736, 763 . 887 «
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DRIVEABILITY

The cars used in this program were a mixture of new, rented, or EPA

supplied cars. The rented cars had all accumulated at least 10,000

miles. The new and rented cars were tuned to manufacturers' specifications

with new spark plugs, points and condensers, etc. The carburetors were

not overhauled. The EPA supplied cars (1979 Dodge and three prototypes)

after normal inspections were tested in the as-received condition.

Table 111 lists the average driveability ratings for each car at
each test temperature. These ratings were based on the Coordinating
Research Council system of demerits (22). In this system, a stall at
idle has a demerit of 8 while a stall during running has a demerit of
32. Hesitation, stumble and surge have lesser demerits, depending on
their severity. Most of the driveability problems were experienced
during the cold transient phase of the FTP.

The vehicles differed substantially in their driveability
characteristics. Furthermore, within a given vehicle, driveability
varied with ambient temperature. In several cases, poor driveability
contributed to the high exhaust gas emissions noted. In other cases,
the high emissions encountered may have been due to reduced catalyst
activity rather than driveability problems.

TABLE 111 AVERAGEE DRIVEABILITY RATINGS

TEMPERATURE F 1} 20 40 60 70 80 ROAC 90 Y0AC 110 110AC
(9] (-18) (-7 (4) (16) (21) (27) (27) (32) (32) (43) (43)
1972 CHEVROLET TMPALA 45 16 3 12 18 51 41 32 A8 17 33
1974 CHEVROLET IMPALA 70 30 16 19 1 24 : 10 . ]
1977 HONDA CIVIC 49 STATE 92 90 90 4] 11 0 : . 0 : 12
1977 IORD LTD 49 STATE 89 44 32 ) 18 10 9 0 9 7 29
1977 PLYMOUTH FURY 49S 39 10 1 95 30 82 : 28 . 1
1978 BUICK V6 'TURBOCHARGE 79 37 27 16 6 1 0 0 0 26 21
1977 PLYMOUTH FURY CALSE 4 0 0 1A 20 .l 1 3 1 0 4
1978 CHEVROLET ST W-CALITE 72 12 I 9 1 2 10 9 10 2 4
1978 FORD PINTO CAL 3 WAY [§ 22 1 18 67 27 13 9 27 47 59
1978 VW RABBI'T CAL FU-INJ 45 5 0 0 3} 0 : 0 . 0
1979 DODGE ASPEN CALIF 1] 3 2 1 30 28 17 2 1 2 5
1980 MERCURY PROTOIYPE ) 1 1 I8 18 0 0 1 0 18 18
1980 BUICK REGAL PROTOLYPE : n 0 3 1 8 ] 1 0 1 7
DATSUN PROTOTYPE 143 55 20 0 1} 2 : 1 ) 1
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