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SUMMARY: This document announces the conclusions of the EPA evaluation of the
Goodman Enginé System, Model 1800 under the provisions of Section 511 of the

tiotor Vehicle Information and Cost Savings Act.

FOR FURTHER INFORMATION CONTACT: F. Peter tHutchins, Emission Control Tech-

nology Division, Office of Mobile Source Air Pollution Control, Environmental

Protection Agency, 2565 Plymouth Road, Ann Arbor, Michigan 48105,
313-668-4340.



SUMMARY OF EVALUATION: The overall conclusion of this. report is that the

Goodman Engine System,  Model 1800 device does not have any significant effect
on regulated emissions or fuel economy. A small reduction in Nitrous Oxides
(NOx)exhaust emissions on the Federal Highway Fuel Economy Test Procedure

'(HFET) was noted... ... . .

The Columbia Broadcasting System (QBS) data generated at‘the Transporation
Reséarch Center cannét be used to evaluafe the Goodman Engine System Model
1800 device because too many extraneous variables such as altered fiming,
higher compression ratio, differeqt camshaft, differeﬁt test fuels, and 13,000
miles between the "before and af?er" tésts were introduced to make comparati?e
analysis‘possible.l The Environmental Protection Agency data was run on a
suitable test vehicle with available unleaded fuel. The Goodman Engine Systen
Model 1800 device was judged by'the inventor to be operating properly during
the EPA testing. The EPA data does not substantiate the claims made about the

device.

The Goodman Engine System Model 1800 device appears to operate safely and does
not appear to cause emission of any non-regulated emissions. It is suggested
that future installation instructions specify the type of antifreeze to be
used in the device. Several antifreeze compounds such as ethylene-glycol are

known to cause engine damage.

The reduction in NOx on the HFLT cycle does suggest some promise for a better
developed water injection system. However, no significant improvement in fuel

economy was noted.



Date David G. Hawkins
Assistant Administrator
for Air, Noise, and Radiation



EPA Evaluation of "Goodman Engine System, Model 1800"

Under Section 511 of the Motor Vehicle Information and Cost Savings Act

The following is a summary of the information on the device as supplied by the
applicant and the resulting EPA analy51s and conclusions.

1.

2.

Marketing Identlfication of the Device. Goodman Engine System, Model

©1800 " T

Inventor of the Device and Patents: The inventor of the device 1is

Toronta P. Goodman, P.0. Box 4, Summitt Point, West Virginia 25446.
While no patent number has yet .been granted an application for a patent,

- Serial No. 64373, has been made,

‘"Manufacturer of the Device:

Goodman System Corporation
P.0. Box 4
Summitt Point, West Virglnla 25446

Manufacturing'Organizations Principals:

Mitchell Sachs
Toronta P. Goodman
Fritz Bell

H. Crosby Foster, II

(Cdmpany Title and Positions are not known to the EPA).

5.

Marketing Orgénization in U.S. Making Application:

Akin, Gump, Haver & Feld*
Suite 400

- 1333 New Hampshire Avenue, N.V.

Washington, D.C. 20036

Identity of Applicant:

Edward S. Knight, Esquire
Akin, Gump, Haver & Feld*

1333 New Hampshire Avenue, N.W.
Washington, D.C. 20036

* Note: This law firm provides counsel for Goodman Engine Systems, Inc.



10.

Description of the Device: (As supplied by the applicant):

Claimed Applicability of the Device:

"An injection nozzle injects a finely divided spray of fluid, such as
water or a water solution, into the cylinders of the engine in response
to a flow of atomizing air. The nozzle is connected to a fluid supply
reservoir and to the outlet line of an air-injection pump that normally
supplies pressurized air to the exhaust system of the engine. The air-
injection pump provides the supply of atomizing air to the nozzle with
the pressure of the air and therefore the fluid injection being res-
ponsive to both the engine speed and the exhaust gas pressure. The
injected fluid advantageously functions as a cooling agent to suppress
detonation and provide smoother engine operation and greater fuel effi-
ciency."

"The Goodman Engine System, Model 1800, is applicable to the vast ma-

jority of automobiles and light-duty trucks powered by an internal com-
bustion engine and sold in the United States that have an air injection
pump which supplies pressurized air to the exhaust system of the engine,
i.e., a smog pump. The device's operation and efficiency is not limited
by vehicle make or model, engine size, carburetion, transmission type or
ignition type. The only specific vehicle requirements are (1) the exis-
tence of the smog pump and (2) the physical availability of a suiltable
place to locate the device's nozzle downstream of the air filter."

Device Installation, Tools Required, Expertise Required (claimed):

See Attachment A.

Device Maintenance (claimed):

"Proper maintenance of the Goodman Engine System, Model 1800 does not
require special skills or tools. The only maintenance is as follows:

a, Refill water tank: The water level should be checked and water
added if mnecessary at regular intervals, such as when the operator
put(s) gasoline into the vehicle.

b. Remove the device's nozzle and flush with ordinary vinegar every
20,000 miles: The tools and skills required are those specified ...
on device installation.

c. Add antifreeze to water: During the months of the year when the
operator would mix antifreeze with the water in the vehicle's ra-
diator, it is recommended that a mixture of water and antifreeze, at
a 1:1 ratio, be utilized in the water tank in lieu of water alone."
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12.

13.

Effects on Vehicle Emission (non-regulated) (claimed):

"As more fully set forth and documented by the information referred to in
the ... test results, the Goodman Engine System, Model 1800, during
normal operation and function, will not cause a vehicle utilizing the
device to emit into the ambient air any non-regulated substance other
than an insignificant amount of water vapor, in a quantity differing from
that emitted in the operation of the vehicle without the device."

Safety of the Device (claimed):

"The Goodman Engine System, Model 1800, does not interact with the vehi-
cle operator during the device's operation and function. It is not,
therefore, -operator dependant. Even if the device should fail to func-
tion, such malfunction would not result in .any unsafe condition endan-
gering the vehicle or its occupants, or person or -property-in close
proximity to the vehicle. The following are three scenarios encompassing
the totality of possible device malfunctions.

a. The device is utilized without water in the container:

If this situation should occur, the vehicle will simply operate as
if the device had not been installed. That is, the vehicle's fuel
economy and emissions will be those the vehicle would report,
holding engine tuning, tire pressure, operator performance and the
like constant, without the device, In other words, no dangerous or
adverse condition will results if the device is utilized on a vehi-
cle without water in the water container.

b. -The water container breaks:

If this situation occurs, and the water is lost, the effect on the
vehicle will be the same as that described in (a) above. The only
difference, of course, 1is that the water will be spilt onto the
ground and subsequently will evaporate.

C. The hoses leak or become disconnected:

If this situation should occur, the effect on the vehicle will be
the same as that described in (a) above. As more fully described
and documented in the section on test results, such an occurance
will not adversely affect the ambient air to any significant de-
gree." '

Test Results - Regulated Emissions and Fuel Economy (supplied by applicant):

a. Transcript and comments pertaining to a "60 Minutes" television
program entitled "Those Crazy Men in their Driving Machines,"”
which was broadcast over the CBS Television network on June 10,
1979. '
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Test results prepared for CBS News by the Transportation Research

Center (TRC) of Ohio entitled "Effects of Engine Modifications on
Fuél Conumption, Emissions and Performance."

Letter from Dr. Engleman, Professor of Engineering at Ohio State
University.

Information Gathered by EPA:

a.

A 1979 Ford Fiesta was tested on seven Federal Test Procedures and
seven Highway Fuel Economy Tests. These tests included 3 baseline
sequences, 2 sequences with the Goodman Engine System, Model 1800
operating, and two with the Goodman Engine System Model 1800 in-
stalled but without fluid in the reservior. A summary of the test
data is given in Attachment B. Coples of the original data sheets
are given in Attachment C.

SAE Paper #690018 entitled "Inlet Manifold Water Injection for
Control of Nitrogen Oxides - Theory and Experiment.”

Contract. #DAA DO5-72-C-0053, Report #ADAOO0332 entitled "Water
Induction Studies in a Military Spark Ignition Engine."

SAE Paper by R. I. Potter - preprinted in 1948 entitled "Use of
Anti-Detonant Injection in a High Compression Ratio Engine."

SAE Paper by C. H. Hartesveldt - preprinted in 1948 entitled -
"Anti-Detonant Injection.” '

Taylor and Taylor, Copyright 1961 entitled "The Internal Combustion
Engine," Chapter 6 - "Effects of Operating Variables on Detonation."

Edward Obert, Copyright 1973 entitled "Internal Combustion Engines
and Air Pollution," Chapter 9 - "Knock and the Engine Variables."

Henein and Patterson, copyright 1972 entitled "Emissions from
Combustion Engines.”

Verbal discussion with the inventor during the week of 9-21-79 as to
the Goodman Device.

EPA letter to Edward S. Knight requesting information about the
device and supplied test data (see Attachment G). A second letter
reaffirming the request for information was sent on 10-23-79 (see
Attachment H)., The answer was supplied by the inventor on 11-6-79
(see Attachment I1).
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,k.

1.

1978 Ford Fiesta Deterioration Data (see Attachment E).

Octane Analysis of Test Fuel -~ Shell Unleaded (see Attachment F).

Analysis:

a.

Description of the device: The-description given in the application

varied slightly from the device supplied by Goodman Systems
Corporation for EPA testing. Mr. Goodman, the inventor, stated that
the "improved system" does not require a float bowl fluid reservoir
and that the height of the reservoir was not critical, He stated
that a two (2) foot change in reservoir height would result in only
an eight (8) percent change in the amount of water injected. He
further stated that the device,. as tested, was the Goodman Engine
System, Model 1800. '

'Applicability of the device: The applicability requirements stated

in the application appear to be correct.

Device Installation: The installation is straightforward and does

not require any special skills or tools. The installation instruc-~
tions supplied in the application adequately enable an average
"back-yard" mechanic to install the device in less than an hour.

Device Maintenance: The maintenance requirements specified in the

application appear to be correct. However, because of the proximity
of the reference to engine coolant antifreeze and antifreeze for the
device ~ some statement that the types of antifreeze involved are
different needs to be included.

‘Effects on Vehicle Emissions {(non-regulated): The device, installed

according to the installation instructions should have no effect on
unregulated emissions.

Safety of the Device: The statements made about the safety effects

of the device appear to be correct.

Test Results Supplied by the Applicant:

1) The transcript of the "60 Minutes" program cannot realistically -
be considered as test data. Because the thoughts and opinions
of the commentators are based mainly on the TRC test data, this
test data should be analyzed, not the +transcript itself.

2) TRC Test Report: This data is summarized in Attachment D.
There are several problems with this data that do not allow
extrapolation of the Fuel Economy and Emission improvements to
all domestic vehicles with air pumps. The problems are noted
below:
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b)
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Different test fuels were used in the before-and-after
tests. The baseline test was run on Shell unleaded where-
as the modified test sequence was run on Shell Super
Unleaded. The use of a higher octane fuel for the after
modified tests could decrease the tendency to detonate in
the modified engine. This switch in test fuels makes
comparisons of '"before and after" test data difficult as

the differences 1in. fuel_ economy and exhaust emissions

cannot be attributed only to the engine modifications. A
letter addressing this problem was sent to the attorney
representing Goodman Systems Corporation. This letter
requested explanation on the different fuels question and
on several of the following points. A copy of the letter
is given in Attachment G. When no response to the letter
arrived, a second letter prompting a response was sent

(see Attachment H). The response dated November 6, 1979

stated that the fuel change was performed without the
knowledge of Goodman System Company Inc., personnel. The
fuel for the SAE "on-the-road" testing was apparently pur-
chased by driving the vehicle into town and filling it at
a local gasoline station. The differences in winter and
summer fuel would also add another variable to the sub-
mitted test data.

The application for evaluation is unclear as to the modi-
fications made to the Fiesta test vehicle engine. The "60
Minutes" transcript mentions different pistons, a reworked
head, a modified cam shaft and a compression ratio in-
crease. The EPA September 11, 1979 1letter requested
clarification of the engine modifications. The
November 6, 1979 response answered the questions as shown
below: .

"The engine modifications are as follows:

The pistons were replaced with a set of Arias forged units
having a shallower combustion chamber to raise the com-
pression ratio to a measured 12:6 to 1. To get the neces-
sary exhaust valve clearance at that compression ratio, it
was necessary to recess the exhaust valve into the cy-
linder head approximately .100 inches. During the course
of development, several camshafts were tried; both more or
less agressive in their action. During the experi-
mentation, the original camshaft was sold to a customer of
the shop. When it was determined that the original cam-
shaft was very nearly ideal for the speed range used, a
replacement was obtained. There were no Fiesta part
number camshafts available, so a Ford replacement for a cc
Pinto or Capri was installed.
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The valve action is so nearly the same as the original
that the difference is undetectable. The major difference
is in the width of the lobes, since the Pinto and Capri
camshafts sometimes wore prematurely and the Fiesta lobes
were made somewhat wider to give more bearing area. The
amount of vacuum advance was increased slightly and the
mechanical advance was reduced slightly, as is normal when
increasing the compression ratio. As we will discuss
later, the effect of the water is such that the timing may
be adjusted to more optimum conditions of performance and
emissions than is the usual case. Also, due to the
cooling effect of the water, the EGR valve is no longer
required to suppress the formation of NOx, so it was
disconnected. The carburetor jetting remained the same."

These modifications make it impossible to extract the
effects of the Goodman System Model 1800 device from the
other engine modifications. These other changes are not
part of the Goodman System Model 1800 device as presented
in the application.

There was a significant difference in test cell humidity
settings between the "before and after" tests. While this
parameter is not specified for proper FIP testing, com-
parison testing with large humidity differences may make
comparison of results difficult especially for NOx.

No duplicate FTP teéting was performed. The variability
of the vehicle and emission test equipment is significant,
i.e., on the order of 5%. One isolated test at each test

" point gives low confidence in any comparative analysis.

The performance tests differed in transmission shift point
rpm. The baseline testing was shifted at 6100 rpm. The
modified version was shifted at 5000 rpm. The difference
makes comparisons of performance data difficult. De-
pending on the torque curves for the engine, this dif-
ference would widen or narrow the differences in the
acceleration data.

There was an extended milage interval between the baseline
and modified tests. This 13,320 mile interval would by
itself cause changes in fuel economy and emissions. This
milage interval detracts from the comparability of the two
test sequences.
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The fuel economy data for the 1978 Fiesta durability
vehicle was plotted vs. milage accumulation (see
Attachment J). This plot shows fuel economy increases as
milage increases. In particular, this graph shows a large
increase in fuel economy for this vehicle between 9,200
and 22,520 miles (the CBS Fiesta test points). The im=-
provement is about 13%. While this vehicle may have not
been representative, vehicles used in the emissions certi-
fication process are supposed to be representative of the
production vehicles. The usual equation for fuel economy
vs. milage accumulation based on thousands of in-~use
vehicles is:

mpg at (x miles)
mpg at 4000 miles

= .846 + .018 * (In (x miles))

This equation predicts a 1.647%7 increase in fuel economy
between 9,200 and 22,520 miles. A linear fit shows an
expected .5 mpg or 2.0% for the 1978 durability vehicle.
The chart shows the linear line end points with (+) signms.

What this discussion points out is that testing over a

large milage interval introduces significant fuel economy
variability. To minimize such variability testing should
be run as close together as possible. If possible final
baselines should also be run,

The performance data showed several instances where the
modified vehicle bogged down, detonated badly, stalled,
and would only reach 4,700 rpm. This data suggests that
the modified engine long term durability is questionable.

The increase in HC and CO emissions is significant. A
62.4% increase in HC would put many vehicles over the
applicable emission standards. '

The exhaust emission standards given in the application
while correctly stated, were incorrectly applied. The
emission standards for a model yvear must be in the context
of the regulations for which they were intended. Because
exhaust emissions on vehicles may deteriorate over the
useful life of the vehicles, 50,000 miles of milage accum-
ulation are put on durability wvehicles to determine the
level of deterioration. The best fit 1line for their
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exhaust emission data (each vehicle is tested every 5,000
miles and at each major maintenance point) is calculated
and the resulting multiplicative deterioration factors
(DF) for HC, CO and NOx are determined. Various cali-
brations in’the same engine family are then run to 4,000
miles and tested (identified as '"data vehicles'"). The
results of these tests are multiplied by the applicable DF
and this product must be below the standards listed in the
application. A further description of this process can be
found in Federal Register 86.078-28, The applicable
deterioration factors (4K to 50K miles) for the 1978 Ford
Fiesta, 49-state vehicle are:

HC DF co DF = NOx DF
1.914 1.462 ' 1.060

Using these DFs, the "before and after' test data supplied
in the application compares to the emission standards as

follows:
Baseline x Percent of Modified x Percent
Baseline DF Standard Modified DF Standard
.58 1.110 74% .942 1.803 120.2%
6.23 9.108 - 60.7% 7.926 11.588 77.25%
1.52 1.611 80.6% . 1,576 1.67 83.5%
This analysis, using DFs, shows that the modified version
may not have passed the HC standard for 1978 light-duty
" vehicles. Because the test milage was above 4000 miles
and insufficient data was presented to establish a deter-
ioration factor for the modified vehicle, the analysis
applied the production DF to the test data as presented.
The point here is that the data does not indicate that the
vehicle passed the emission standards as indicated in the
application.
3) The letter by Dr. Engelman does not supply any test data, only

his expert opinion that properly performed water injection will
both lower NOx exhaust emissions and lower octane requirements.
He expected little improvement in fuel economy with just addi-
tion of water injection. However Dr. Engelman states that the
decrease in NOx and octane requirements allow alteration to the
vehicle engine to improve fuel economy (see Attachment K),
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The Information Gathered by EPA

1)

The MVEL Test Data: The Goodman device was installed by its
inventor, Mr. Goodman. Proper operation was confirmed by
running the vehicle for 10 minutes at 50 mph and measuring the
water consumed. Mr. Goodman said that a quart of fuel would be
used in this 10 minute interval. If properly operating, the
Goodman System would have injected water at a rate eaual to 5%
of the fuel consumed. The water used was replaced with water
from a 25cc graduated cylinder, The total fluid consumed in
the 10 minute test period was 1.69 fluid ounces or 5.28% of the
fuel consumed. This 5% expected flow rate was reconfirmed in
Mr. Goodman's November 6, 1979 letter. Therefore it appears
that the Goodman System Model 1800 device was properly in-
stalled and functioning correctly during the MVEL testing. Mr.
Goodman stated that "If it was off this is where I would adjust
it to ", " the way I want it."

As shown 1in Attachment B the test results were gathered using
an FTP and HFET test cycles. Three baseline test sequences
were run. Then two test sequences with the Goodman device
installed and operating followed by two sequences with the
device installed but without H,0. If the Goodman System Model
1800 device did reduce NOx and improve fuel economy the ex-
pected results would show improved fuel economy and reduced NOx
in part B. Part C should agree with part A.

Attachment B also indicates the percent change in emissions and
fuel economy for the FTP and HFET testing. Based on test-to-
test repeatability it appears that the only statistically
significant effect of the Goodman System Model 1800 device was
the reduction in NOx on the HFET cycle. The 1.2% increase in
fuel economy - -and the 2.247 decrease in NOx emissions during the
Urban Cycle show that no effective change can be attributed to
the Goodman System Model 1800 device,

The fuel used in this testing was not Indolene Clear. Instead,
at the request of Goodman Systems Inc. Shell Unleaded Fuel was
purchased at the local gas station. A 50 gallon drum was
purged and drained 3 times with Indolene HO and then drained.
The barrel was brought to the gas station and filled from the
unleaded pump. All of the subsequent testing was run with this
fuel. Shell Unleaded was chosen because similar fuel was used
during the TRC testing. A sample of the test fuel was sent to
Ethyl Corporation for Octane analysis. Attachment F displays
the octane test results. The RON of 91.35 is about mid-range
of unleaded fuel tests taken in the 1977-1978 MVMA National
Fuel Survey. Extracts of the data are given below (summer
fuel - July, 1978):
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Average for all Unleaded

Location Shell Fuel Sampled
Albuquerque . 91.8 ' 91.0
Atlanta 96.1 93.2
Baltimore 94.3 91.3
Billings - None 90.7
Boston 95.8 93.1
Chicago 92.6 92.1
Cleveland 95.0 92.4

Detroit "92.2 . 92.5

Conclusions:

The overall conclusion of this report is that the Goodman Engine System

Model 1800 does not have any significnat effect on regulated emissions or

fuel economy. A small reduction in NOx exhaust emissions on the HFET
cycle was noted.

‘The CBS data generated at TRC cannot be used to evaluate the Goodman

Engine System Model 1800 device. Too many extraneous variables were
introduced to make comparative analysis possible. It appears that the
"60 Minutes" program did not really evaluate the device properly.

The EPA-MVEL data was run on a suitable test vehicle with available
unleaded fuel. The Goodman Engine System Model 1800 device was opera-

" ting properly during the EPA testing. The EPA data does not substantiate

the claims made about the device.

The Goodman Engine System Model 1800 device appears to operate safely
and does not appear to emit any non-regulated emissions. It is suggested
that future installation instructions specify the antifreeze to be used.

.Several antifreeze compounds such as ethylene-glycol will cause engine

damage.

The reduction in NOx on the HFET cycle does suggest some promise for a
better developed water injection system. However, no significant
improvement in fuel economy was noted.
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T Installation Instructions
. : for the
<::> -~ GOODMAN ENGINE SYSTEM

MODEL 1800
1. Locate the-air-injection pump (Fig. 1, No. 20). Identify
intake hose (Fig. 1; No. 32) and output hose (Fig.l, Nol'26).
The intake hose will either have its own air cleaner or will
share one with the engine air cleaner (Fig.1l, No. 36). ‘Ihe output
" Hose goes from the air-injection pump thréugh a valve-(Fig. 1, No. 31)
that regulates air flow to a distribution manifold (Fig. 1, No. 16).
Although the valve on some ﬁehiqles is built directly intc the
air-injection'puﬁp and the distribution manifold is part of the

éylinder head, the basic layout and operation 1s identical.

| ::i) ~Tap'int0'the air pressure line (Fig. 1, No. 26)-bétween the
control valve (Fig., 1 No. 24) and the anti-backfire valve (Fig.l,
No. 31). To do this take part No. 44 (Fig. 2) and insert it into

the air pressure line (Fig. 1, No. 30).

3. Remove the top of the engine air cleaner (Fig.l, No. 365. The
fluid injection nozzle, Part No. 34 (See Figs. 4 & 5), must be
positioned so that the fluid spray will be evenly divided among
the cylinders. Utilize the below listed applications for the
-following carburetor configurations:
(1) SINGLE-BARREL CARBURETOR:

. Position the fluid injection nozzle at the lower
~ side of the chock plate, as close to the center
) as’ possible.

. . -
.- - - - e 2w e

(2) TWO-BARREL, SINGLE CARBURETOR:

With both barrels open at the same time, position
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(5)
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(7
“
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the fluid injection nozzle at the center of
the two barrels on the lower side of the choke
(This conflguratlon is generally found

“plate.

on American made:

6-cyllnder and V-8 englnes)

TWO BARREL OR SINGLE- BARREL CARBURETOR WITH A PRIMARY

'~ AND SECONDARY THROTTLE OPENING

Position the fluid injection nozzle at the

- primary side of the ‘carburator -- usually

the side nearest to the engine.(This configuration
is generally found on imports such as the Capr1

Fiat, Fiesta and Pinto).

FOUR-BARREL, SINGLE CARBURETOR

Position the fluid injection nozzle at the

center of the primary side.

TWO OR MORE CARBURETORS, SINGLE BARREL EACH

‘TWO

Unless all carburetors are fed from a common air -

box that lends itselfto an appropriate placement

of the fluid injection nozzle so that it can be

- positioned without the fluid spray impacting the
side or favoring one carburetor, position each

. £fluid 1n3ectlon_nozzle at the center of each
carburetor. - .

OR MORE CARBURETORS WITH TWO OR MORE BARRELS

Same installation as specified in (5),
injection nozzle positioned over the primary side
unless all barrels open at the same time. If this
a separate fluid injection nozzle must be
utilized for each barrel.

is so,

FUEL INJECTION WITH ONE THROTTLE PLATE

with £fluid

Position the fluid injection nozzle at the center
on the atmospheric side.

of the throttle plate,

FUEL INJECTION WITH MULTIPLE THROTTLE PLATES

“Same installation as (5).

After determining the appropriate fluid nozzle application

by following the procedures indicated in STEP 3, remove the

igine air cleaner from the vehicle (Fig., 1, No. 36),

...

--

-

-

P

Remove the
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top'of the engine air cleaner. Drill a .3/4 inch hole in the top
'/_‘\ ! .
! the engine air cleaner in the appropriate position for the

£luid injection nozzle as dete;miﬁed by the procedures in STEP 3.

‘e
-

5. Insert fluid injection nozzle into the hole drilled in the ST
top of the engine air cleaner. Check for propef placemeht of

fluid injection nozzle as specifieé in STEP 3. If the hole.has_

been misplaced,'a>patchvkit will be supplied and a new hole can

be drilled. Press retaining washer.

6. Install fluid storage container in eﬁgine compartment usin§

brackets provided. The fluidvsforage container may be placed

anywhere in the engine compartment so'long as the ton'of the .
“wmtainer is at least three inches below +the fluid 1njectlon

'”nozzle, but not lower than elghteen 1nches.

7. Connect Hose No. 40 (Fig. 1) to the bottom fitting of the
fluid storage-contalner. Place the ncn—sprlng loaded, one-way valve
on the opposite end of Hose No. 40. Connect this end of Hose No. 40

to the top fitting on the fluid injection nozzle (Fig. 1, No. 34).

8. Connect Hose No. 42 (Fig. 1) to Part No. 44. 1In the opposite
| end of Hose No. 42, insert the spring-loaded, one-way valve, and
then insert this into the bottom fitting of the fluid injection

nozzle (Fig. 1, No. 34).
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9. Examine the installation to ensure proper application. Make
“"™: that none of the hoses are crimped or interfere with any of the

“

- engine's moving parts. If fluid.injection nozzle: does not fit

snugly, seal with a small bead of ‘conventional silicone sealant.
10. Fill fluid stotage container with water. If outside temperatures

will fall near or below 32° F, add antifreeze in a 1l:1 ratio.
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Attachment B
Pdge 1 of 2
Goodman Engine System Model 1800
EPA Testing Summary
I. Federal Test Procedure
A. Baseline Data i
Date HC (gm/mi) CO (gm/mi) NOx (gm/mile) Fuel Economy (mi/gal)
9-11-79 .31 4 _ 1.40 26.2
9-12-79 .30 3.6 1.31 26.2
9-13-79 .30 4.5 1.31 _ 26.3
Average .303 417 1.34 26.23
Std. Dev. .006 49 .052 0.057
s /m 1.90% 11.84% 3.88 0.22%

B. With Goodman Engine System Model 1800 Installed and Operating

9-18-79 33 4.7 1.30 26.5
9-19-79 .31 4.5 1.32 26.6
Average .32 46 1.3 26.55
Percent  (+)5.61% (+)10.31% (-)2.24% o (9)1.22%
. Change

C. With Goodman Engine System Model 1800 Installed but no Fluid in Reservoir

9-20-79 .29 4.4 1.49 27.0
9-21-79 .32 4,3 1.48 26.9
Average .305 4,35 1.485 26,95
Percent (+)0.66% (+)4.32% (+)10.82% (#)2.74%
Change/Baseline

ercent (-)4.69% (=)5.43% (+)13.36 (+)1.50%

“hange/Part B
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II. Highway Fuel Economy Test

A. Baseline Data

Attachment B
2 of 2

Date HC (gm/mi) CO (gm/mi) NOx (gm/mile) Fuel Economy (mi/gal)
9-11-79 .06 .3 2.20 38.3
9-12-79 .06 .2 2.17 38.5
9-13-79 .06 .2 2.15 38.6
Average .06 .23 . 2.173 38.47

Std. Dev. 0.0 - .058 .025 .15

s/m 0.0% 24, 7%% 1.16% .39%

B. With Goodman Engihe System Model 1800 Installed and Operating

9-18-79 .06

9-19-79 .06
Average .06
Percent 0.0%
Change

) 1.86
.2 2.00
2 1.93
(-)13.0%" (=)5.146%

38.75
(+).73%

C. With Goodman Engine System Model 1800 Installed but no Fluid in Reservoir

9-20-79 .06
9-21-79 .06
Average .06
Percent 0.0%
Change/Baseline
Percent 0.0%

Change/Part B

.2 2.23

2 2.29

.2 : 2.26

(+)13.0%* - (+)4.0%
0.0% (+)17.1%

38.8
39.0

38.9
(+)1.12%

(+)0.387%

* Extremely low numbers make comparative analysis questionable.
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- S e R cmeemcemeeecescesmemsmmmmemecemececeeaceesas . Page 1 of 15 o
T VERICLE SPECIFICATION WEPURT - (STANUARD) - DATE OF ENTRY T 9/10/79
. . ® i
e ’ VEHICIE SPECIFICATIONS é Vot
L2y, . : Smmsmessessesssmeeeoee ' ' e
MANUF ACTURE R VERICLE TN/ VEW  REPRESENTED CARLINE MODEL CODE DRIVE CODE SOURCE 9
N Er et e e r e m—r et m et — . e m e e e o mmeeam.  e—me—— rememnememe Teammacemme eemmemmeconm-- coma . [ E
v FORD GCF ok 36649 n SENAN FRONT DRIVE STR. LEFT OTHER
i .
¢ 0 ORTVE axL #TS TIKE = SPECIFICATIONS [,
IR VEHICLE M0DEL  ACT  FuLL EMPTY  Cund  INRTIA 0O/D ACTUAL  TIRE. & RIM swl ALT PSI
’ Trpe ACTUAL VEHICLE ™MubLL YEAR  YEAR  TANK VANK wEIGHT CLASS  CDE  DYNO HP SIZES MFR CONSTR N M N M FT RR . -
NUN-CFR  FIESTA 7y 79 tyoor  2000p 2 7.3 145SR12
- "~ PRIMARY DUSEAILITY VERICLE TOENTIF ICATION DN ASSIGNED DF (IF APPLICAHLE) ALT+ MANUFACTURER L 31
. e )
ENGINE SPECIFICATIONS
2 cremecccvecnan : . (- 2 3
. PATED NG THE, F.HG INF, * NO. NO. 10T2L NO. FUEL SYSTEM FUEL COMP, COAST- E1
- DISCLACFMENT  RNAE STrars  rp CTYRE CONF [GURAT[ON CYL CARHS  HAPRELS MFR/ZMODEL  INJECTION RATIO DOWN TM
"\' L T TR T R e ---- .- e -—— P - - - - - - - - - - - - ececneoanenw —aeseweae - - - - - - - - - “
93, € J.2 & dal# bA OTTO SPaPr  IN={iNE a 1 2 wENMER 8.6 1
L. IGHITION  IGMITION  TIv, TIulnG | wPM T1v, 4« CO % CO £CO CO IDLE  IOLE  IDLE . y F
TIMING 1 TIMING 2 TOL, kb= 1L, Bbra LEFT “QIGHT  ChMB. TOL, RPM. T0OL, GEAR ENGINE FaAMILY ENGINE CODE 9
. 128 nat ' : 1.6M(1X89) o/
- 'E
v DYIVE THATN ANU CONTROL SYSTEM SPECIFICATIONS ) - N
1 o T e e e . ———— cccmceanee . ° L w
t AXLE N7V AsC CHANSCCASE TRANSMISSTON EVAPORATION . 3
i, WATIO RATIO OUOMETER IN=TALLED EXHAUST TYFE SYSTEM . CONFIGUHATION COUE SYSTFM FUEL TYPE . 0 g
3 3,54 . MILES NO SINGLE RIGHT KEaE  CLOSED M-o . CANISTER - UNLEADED (AT EPA-IND HO)
: MATN=-TANK at1s .- TANK ' FEVAPORATIVE EMISSION O
i CAPACITY VOLUME CARACETY VOLUME SHEIFT SPEED FAMILY CUDE SALES CLASS
‘ . SPECTAL SHIFT SPUS (MAN OR S-At  C-2 . © %
2 eecmmcmemecmmmmm e mmmm—mann CoNTROL SysIEm IThes o
EXHAUST PECYCLE AlR PyumP UXTDATION CATALYST
. § o e ——————— (+}
VEHICLE SPECIFICATION COMMENTS L
4 2 SHIFT GPEENS BFS 1-2 @ 10MPH. 2-3920MPHe 3=4i0LOMPH o
- ) ] . . . . 1
ol
~~ . o

- fPa CobY 6110 0
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! @ 0vNO SITEID207 ~ TEST w 79-9897 1 1979 LIGHT DUTY VEMICLE ANALYSIS 1 PROCESSEDS 15130801 SEP 13, 1979 L ] |
o ' 3
MFH. ALT. LUUIVALENT  ACTUAL OVEK=- formennene TEST TYPE =~eceecces/ .
™FR., VER= REP, RUN. RETEST HeP. TEST NYNO THANS.  DRIVE EXPERIMENTAL ( N
1 --1 4 ODE VEHICLE 1.0, SION EVAP INIT, CHG., CUDE ACHP MtIH, wElouHT HeMo CONFO. COLE fomwe=e TEST PROCEOURE ~cowe=/ »
’ 30 GCFBWE}S449 0 2000 7.3 . CVS 7S-LATER L
1 e _ DRIVE MEASURED e |
4 CURB AXLE AXLE /=== IGNITION TIMING ===/ /====== & CO =---== /  I0LE SOAK COASTDOWN .
° PREP DATE WEIGHT WEIGHT GAUGE MEASUKE  #) #2 RPM  GEAR LEFT  RIGHT  COMB RFM  GEAR PER10D TI4E ®
K EdPTY .
J /= AMBIENT TEST CONDITVIONS = /
® BARD  wET pay cvs o
; YHG 8ULB BULH UNITS  UNIT :
i ° 28499  63.7 71.6 F 21¢ °
ACTUAL 1]
d DYNO  INERTIA INDICATED Dy TIRE NOX REL.ATIVE
1 @ VEST DATE HR. SITE SETTING ULYMO H.P. H.P. ODOM. PRESSURE FACTOK HUMIDITY ALDERYUES L
9-13-79 10 D207 2000 5.3 2239.0 45,00 1.0127 65.¢2 !
)
@ BAG 1 3.602 MILES 5.797 kM  8399. RULL REVS. VMIX= 2797.0 CU.FTe  DILUTION FACTOR = 15,208 ©
SITE #A215 EXHAUST SAMPLE BACKGROUND SAMPLE COMRECTFD MASS FMISSTONS AUX, AUXe AU, \ §
RANGE METER CUNC.  RANGE METER CONC.  CONCENTWBTIONS GMS, UMS/M] GMS/kM FIELDE  FIELD2 CODE '
1 ® HC=F 1D 15 48,0 72.13 15 2ot I HY 6H,SL PPM 3.13 0,869 0.540 . L
NOX=CHEM 16 57.1 b8.26 16 Vel V.l SHelh PHM PRYP: 2.all 1.539 . MPG KPL - L/100KM : ) .
co2 23 35,3 V.B36 23 2.0 0. Ub2 0,797 @ 1154,54 370,501 199,150 26,2 11.16 . 9.0
.Q co 18 16,7 31v.71 14 0.0 0.0 319,71 PPy 35,01 9.7¢0 6,040 o 7
AG 2 3.90S MILES 6.2%6 KM 9J10«. RUOLL RFVYS, VMIX= 743,00 CULFT, OILUTION FACTOR = 22.137. R i
® SITE #8215 EXHAUST SAaMPLE HACRGRUUND SAMPLE CONRECTED MASS EMISSIUNS : AU, AUXe  AUX, L
RANGE METER CONC. RANGE METER CONC.  CONCENTHATIONS oMs, GMS/M] GMS/sM  FIELLUL  FIELD2 COLE
HC-FID 14 16.3 10.5% 1o 444 3.60 1.1 PEM 0.5% 0.1sd 0.u8R
1 @ NOX=CHEM 14 Ived 1v.00 1o 0.3 0.04 Ye? i PPM 2.58 0a6h1 0.611 MPG KPL LZ7100KM 0
: co2 23 26.0 0.59% 23 1o Ve 0a0 0557 & 1307,76 350,286 © 2174056 ¥ 2649 10,57 9.5
° co 17 39.3 96.34 17 0.0 0.0 96,34 PPM 15.06 3.H58 24397 ®
BAG 3 3.58]1 MILES 5.763 KM d369, ROLL REVS, VMIR= 276440 CUFT,  DILUTION FACTOR = 17,171 ) . i
SITE «A21S EXHAUST SaMPLE BACKGROUND SAMPLE CURRECTED MASS EMISSIONS AUX, AUX.  AUX. : )
1 @ RANGE METER CUNC. RANGE METER CONC. CONCENTRATIONS GMS, GMS /4] GMS/RM  FIFELD1l  FIELD2 COOE g .
HC-F 10D 16 22.8 16.87 14 4.9 3.60 13.48 PPM 0.61 0.170 0.106 .
NOX=-CHEM 15 79.3 39.72 15 0.2 0.10 39.63 PPN 6.01 1.67A 1eve2 . MPG XPL  L/100KM L .
{ @ co2 23 32.9 0.772 23 1.9 0.040 0,735 & 1051.49 293,755  1H2.531 .- - 29,9 12.70 7.9 ® .
co B ¥ 4 27.1 66.09 17 0.0 0.0 66409 PP™m 6,02 l1.682 * len6S T
4 ® WEIGHTED vaLUES ne co co2 NOX ' PG PL L/100KM. )
. GRAMS/MILE 0.30 4.5 3¢9, 1.31 WEIGHTED VALUES 26,3 11.2 4,9
BEFORE ROUNDING 0.2990 4,474 328,72 1.3130 - 2643131 11.2113 ;. R.9195
o GRAMS/KM 0.186 2.78 204, 0.b¢2 72-74 FIP 25.5 10.8 9.2 ®
BEFORE ROUNDING 0.16583 2.7602 204,26 0.81%4 25,4924 10,8381 9,2266
; UMWEIGHTED FTP  26.8 1.4 8.8
® 26,7616 11,3775 8.7892 ®
COMMENTSE FIESTA TESTING OF GOUDMAN MODEL 1%00 DEVICE . ( e
Q»/’ SPECIAL SHIFT SPEEDS OF 10-20-40 : Al i
@ (*] [
i
1S
| O O !

l 110 0 COYND SITESDZ2D? TEST & 79-9R97

e et s aer A WA et et el e v T B e R N AT T T L et e f Y SRRt 0 S AN, B 23 I IPVRP I IR A S0 P IADE T TP AT
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Hile) DYr0 SITEDZNT 1£ST 2 79=9ntn 1975 Hlet.ar FOrL s COMONY AMALYSES ) PROCFSSENS URIZ34T SFP lae 1979 O ‘
o T ettt i
P . 6
ii Al Y T, AT, LOUIVALENT  ACTuAL OVt H= Jecmmammma [ES] TYPE =ececcncey
P wa, AL RO i, KT ST ek, 1£SY 1Y ta1) THANS o DR IVE EXPERIMENTAL
V£ LODE VERICLE T.0.  STOM EVIP 11T, CHO.  CODE  ACHY  4; TH, SETGHT HePo COMFGe  COUE f====== TEST FROCEDURE =ece===/ , .
: 30 GLFuwtYassy 0 2000 1ed HWFE 1
{ L] Om 1 VE MEASURED - ®
} Cu-k AxLE LALE fmmm JCHTION T[HM; eeef feemee= )} (U =em===/ 10LE SOAK COASTDOWN
i o PREP DATE WETGHT  WETGHT  GAULS g ALE 7] uQ U GEav LeFT RIGHT  COMR RPM GFaR  PERIOD TIME PY
. Frwly
! 3
; 7= AMILENT TEST CONDITIONS - 7/
1 & HARD wE T vev (v~ ®
ot L 4uL8 BULR UNITS T
: 28.97 624 7.7 3 she
i L L t’
H LCiuMm .
B Dy IHE»ThA ILoidnie b vy ATer YL shLa v
! ® TEST NATE HPe SITE SETTIMG vt v by, How, OB, enpositied pacTor mimipity ALDEHYDES . @
[ 9=-13-71vy 11 0707 Lot 0N e 272500 T [T LN Hl,”
b
. ; ® 4G 1 10.261 MILES 164681 vM ¢3rTi. woll Fhy -, vilaz annvel Cuet (e DILYITur FaCior = 11.%6% X LN
H SITE #a?21s EXHBIST Somvlf HACRGRINI) RSPt F CUirRE C TR NASS EMISSTUNS AUX, AUX. AU, 4
i RaLGE 4R TER Clal e W2AUGE o [€ Cu~C,  COUCENTZ THONS [ GMS/MY GMS /M FIELDL FIELD2 CODE )
LY HC=F I la 16.1 V1o 14 20t Sorst HeS 1 Py Weoh 0005 T e |
{ NMOX =CHEM 1?7 19,9 hoey- 1% Vell N0 109 e9n P 2201 2eluy 1335 MPG KPL L/7100KM .. | }
i . cne 21 46,4 Polda 21 ol R TN Tell¥ & 235045 229,500 162,605 K6 16,39 6.l i
e o 17 6ol 1hoan 17 90 Db 16,18 pon 2411, veell w131 4
{ TTWERGMTED VALUES HC co cu? SHY ' . P o xPL L/100kM {
. " O GRAMUS/MILF ok ez et Pols WELGHTED) VaLUES  3H.0 16,3 6l
- i BEFORE ROUNNING 01,0592 hepl 229.69 2elar EERCIYIR 16.34069 6.1173
! GRAVS /KM 0036 [T I las. 1, $a 72-76 FTP KEPY) - 16es 6ol o
i ® HEFORE HOUNDING Ne.036790 el 3l 142,060 1,452 . JRHTIT 16.3993 640977 ® w
; Unwt TGHTED FTP JHeb 164 Hel
. IXHTIT 163991 6409717
i ) ' o
i COMMENTSS FIESTAL TESTING OF GUOUMan MODEL Lhuy DEVICE
i SPECIAL SHIFT SPEEUS (F 10-20-40 9
| ® o}
4 t
i
| @ : g { \
l o v " . )
i g
- F
| @ (-]
i - .
»
1o , o
o) o |
. AR EU ) oyve S1YEtLZNT TEST 79-'{"98 . ’
!/ . . )
. N [ .. ' . " , e
- - . . o
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UYND SITESD207

TEST # 19-yHv3

10-20~-40

OMMENTSS FIESTA TESTING UF GOUDMAN MOUEL 1400 DEVICE
SPECLAL SHIFT SPEEDS Of
1} FALSE STAMT ON BAG |

i

e

PROCESSED!?

OYNO SITEv207

151,

07158

SEP 11, 1979

ot e RSt o8 W Rt ey ol s e LN fh T M B ¥R P

fomacaneca TEST TYPE ecoceses/

MEW, ALT. EQUIVALENT ACTUAL OVER-
»FR, VEH- WP, Ruse RPETEST HePo sy DYNO TRANS, ORIVE - EXPERIMENTAL
CODE VEHICLE [.0. SIUN EvVAP IMIT. CHG., CUDE ACHP METH. WEIGHT HePo CONF G, COo0E /=~me== TEST PROCEDURE ~e====/
£ 30 GCFHWEJ4469 0 2000 7.3 CVS 7S-LATER
UWIVE . : MEASURED
T cuRrl AxLE AXLE /m== [GNITIOH TIMING ==~/ /=e~ee=s § (0 —~==e=/’ IOLE SOAK COASTDOWN
PREP DATE WEIGHT WEIGHT GAUGE MEASURE Wi "2 RPM GE AR LEFY RIGHT coOMB RPM  GEAR PERIOD TIME.
EMP Y .
/= AMBRIENT TEST CONNITIONS - /
BARD wET ber Vs
"HG BuLY BULY UNITS  unNlT
2926 63.0 710 F _erc
ACTUAL
DYNO INERTIA  INLICATED bDvu TIRE NOX RELATIVE -
TEST DATE He, SITE SETIING VLTNO H.P, H.Pe O0DOM. PRESSURE FACTOR HUMIDITY ALDEHYDES
9=11-79 10 D207 2000 5.3 21517.6 45,00 0.9970 64,4
BAG 1 3.585 MILES S5.770 kM  wiSy, ROLL REVS. VMIX= 2856.0 CU.FV. DILUTION FACTOR = 15,418
SITE wAZ1S EXHAUST SambLs HACKOROUND SAMPLE CORRECTED MASS EMISSIONS | AUX, AUX, AUX,
RANGE METER CUNC, RANGE METER CONC. CONCENTRATIONS GMS. GMS/M1 GMS/KM FIELD) FIELD2 COOE
HC=-F 1D 15 49,6 Tu .54 15 ZeH G, 17 T0.65 PPMU 3.29 0.918 0571
NOX=CHEM 16 56,4 5n.0h I6 0.2 0.21 S7.R6 PPM 8.92 2,648 1.546 MPG KPL L/7100KM
coe 23 36.4 v HZ3 23 2.2 U.066 0.T79 » 1152.36 321.627 199,726 26,0 11,07 9.0
co 14 BeY 391l 14 0.1 0.47 390,74 PPH 3677 10.255 6,372
LIAG 2 3.82] MILES 6,150 »M  »9jp,. ROLL REVS. VMIX= 479H.0 CU.FT. DILUTION FACTOR = 22,459
TSITE wa21S FAHAUST SaMpLt BACKONUUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX o AUX o
RANGE  METER CONC.  RANGE  “METEW CONC. CONCENTRATIONS GMS, GMS/M] GMS/KM  FELDL FIELD2 CODE
HC-FID 16 1.1 10,640 lo el 3.75 6.82 PPM 0,53 D160 0,087
NOK=CHEM 16 6.4 1l.yn la S V.13 1095 PPM 2.84 0.743 0662 MPG KPL L/7100%XM
co2 23 29.7 [EY ) 23 2ol U.004 0,545 % 1354.82 354.531 220,295 24,6 10,06 9.6
co 17 36,1 H46.yn 17 V.2 Den8 Ba.b4 PPM 13.36 3,696 2.172
BAG 3 3,576 MILES 9,755 KM Hl34. ROLL REVS, - VMIX= 2B03.0 CU.FT,. DILUTION FACTOR = 17,367
SITE #A2]S EAHAUST SAMPLE BaCKOUPOUND SAMPLE CORRECTED MASS EMISSIONS AUX, AUX, AUX.
PANHE  MFTFR COMNC, PANGE  METER CUNC. CONCENTRATIONS GMS . GMS/MI OMS /KM FIELD) FIELD2 CODE
HC=F 1D 16 2Z.1 16.3% lu 5.2 J.u2 12.75 PPM 0.58 0.163 0,101 -
tHOX=-CHEM 15 A6.2 w3.13 15 Oed 0.10 43,03 PPM 6.52 1.R22 1.132 MPG KPL L/7100KHM
co2 23 2.6 Vo764 23 240 0.042 0.725 % 1052.33 2944266 182.849 298 12,67 Te9
co 17 27.3 66.5H1 17 0.1 0.26 66,36 PPM 6.13 1.715 1.066
sEIGHTED VALIES HC cn co2? NOX MPG KPL L/100KN
GRAMS/MILE 0.31 6.4 331, 1.00 WEIGHTED VALUES 26he2 11,1 9.0
BEFORE ROUNDING 0.30m13 a0l 3.0l 1.4035 2641675 11.1073 9.0030
GRAMS /KM 0)v2 2.74 206, 0.87 72-74 FIP 25.3 10.8 9.3
BEFORE WOUNDIMG 0.19157 2470613 20%.69 0.8720 2542929 10,7531 9.,2996
. UNWE IGHTED FTP 2646 11,3 8.8
2646093 11.3128 9,839

TEST & 79-989)

AN A A A
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i ¢ OYNO SITE:D207 TFST & 19y-9hye

Ly o
AE W,

MFR ., ViH=- KEP . HUN.
("\tooﬁ VEHICLE 1.0, STON EvAP TL]T. CHG.
T30 GCFUWE3GLGY v

D IVE
CcuP8 AxLE AXLE

PREP DATE wEIGHT  WEIOHT  GalUti  MEASUR
° . Flar Ty

/= AMQIENT TEST COMOITIONS = -/ .

° BARO wET Loy [A'AN
"o suLe BULY UNITS  unIT
29.26  62.0. 7.3 F 2r
) @ ACTUAL
DYMND THE~TIA  1HDCLTED
o TEST DATE MO, SITE SETTIrby  YNO H P,
9=-11-79 11 n2en7 2000 5.3
® BAG 1 10,19 MILES 16,013 KM 23771, ROLL R
SITE wa2is EXHAUST SAMPL HACK
RANGE METEK CUNC. RANGE
o HC=-F 10 16 17.2 lce70 1o
, NOX=CHEM 17 a0.7 1o¢.tn 17
co2 23 66,2 lalob 23
e co 17 Y0 2leln 17
‘jtlclcntsn VALUES HC co
Y GRAMS/MILE G.06 0.3
BEFORE ROUNDING 0.0A14 (R
GRAMS/KM 0.038 1419
0.03860 n.1751

9o BEFOQE ROUNDING

® COMMENTS

o.
®
.‘
°
e
QD
°
©

S et ~ e . ’

FIESTE TESTING UF GOUDMAN MODEL
SPECILL SHIFT SPEEUS OF 10-20-40

<

5> of 15

SEP 11+ 1979

t 1979 nlGHAAY FUFL ECéNOHY ANALYSIS PROCESSED! 15811101
ALT, EQUIVALENT ~ ACTUAL OVER=  /=cwe=ceec TEST TYPE =eccacee/
RETEST HePo TEST nYND TRANS.  DRIVE EXPERIMENTAL
CUNDE ACHP METH, WEIGHT H.P. CONFG.  CODE fm—weme TEST PROCEDURE =ec-mwu</
2000 7.3 HWFE :
MEASURED
/o~= IGNITION TIMING ===/ [====c= § COQ —=ce=- 7/ 1IDLE SOAK COASTDOWN
E 82 ‘RPM  GEAR LEFT  RIGHT COMB RPM  GEAR PERI0D TIME
vy TIKE NOX RELATIVE
H.P, 0ONDOM, PRESSUFE FACTOR HUMIDITY ALDEHYDES
2169.0 45,00 0.9730 59.3
EVS. VMIX= 4132.0 CUFTs  DILUTION FACTOR = 11.715
GHUUND SAMPLE CORKECTED M&SS EMISSIONS AUX. AUX.  AUXe
METER CONC. CONCENTRATIONS GMS, GMS /M1 GMS/kM  F1ELOl  FIELD2 CODE
Se0 3.A8 Y4 PPM 0.6] 0.062 0.038
0.0 2.0 102.96 PPM 22443 - 2.199 1367 MPG KPL L/Z)00KM
2.0 0,062 1.102 % 2359.13 231.326 143,739 38,2 16,25 ~6e2
Vel 0.72 21.10 PPM 2.88 0.282 0.175
cus NOX MPG KPL L/7100KM
231, 2.20 WEIGHTED VALUES  3A,3 16.2 6.2
231432 2.1992 . 3H,2805 16,2233 6.,1639
la6, 1.37 12-76 FIP 38.2 16.3 6.1
163,73 1.3665 38.2481 16,2609 6.1496
UNWEIGHTED FTP  3R.2 1643 6.1
38.2681 16.2609 6.1496
1600 DEVICE
. .
allo 0 # 79-98%

DYND SITE:D207

TEST
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v i
f LG I T2 SItetven? TEST o [9-Ya9n 1 1979 AltHaay FULL ECONOMY ANALYSIS | PROCESSEDS 123586} SEP 13+ 1979 N
. ® _ e
| b, ALT. EQUIVALENT  ACTUAL OVER-  /e=~ececa= TEST TYPE ==e-=mwe/ :
b Fr, . VEH- PP, mide RETEST H.P, TEST DYNO THANS, * DRIVE EXPERIMENTAL .
: € o unE veEriCLE 1.0 Slue Ever Lalt, Crire CUNE  ACHY  METH, wEIGHT HePo CONF G CODE Jemwmne TEST PROCEODURE w==cwe/ A hk
i <" 30 GCFHaEIG4GY v 2000 1.3 HWFE ' A
‘ o D TvE  MEASURED L
. Cup LALE nALE /=== JONITIUN TIMING ew=/ [o=ccws § () ==c===/ IDLE SUAK COASTDOWN R
- PUEP DATE WETOHT b TOHT (GAUGE | MEASUNE ne RPM  GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD TIME
; 0 Flf»’]‘y . !
- i /- BMBIENT TEST COMOLTICHS = / .
® 34899 “ET uvy Cve - e
"G BULHA ULy UNTTS [NIFER r
29.17 62.5 .3 F 214 .
L] e ]
¢ ACTUAL ° L 2
DYNo IMF 2716 [1D1CATEL DVU T1+E NOX RELATIVE -
®  7EST NATE My, STTE SETHLAG vl HoP, Here QDU’e PRESSURE  FACTOR HUMIDITY ALDEHYDES @ .
P=12=719 It theon? ZUuU e 2etu. “5,00 UeyHyl 63.1 X
Q@ BAG 1 104191 MILES l6aan] FH 25701, wOLL AEVS, VMixz 6103.0 CULFT, DILUTION FACTOR = 11,723 L NS
SITE ®A215 EARAYST AN F FACr ooyt SAnPLe T CuMkECTED MASS EMISSIONS AUX, AUX, AUXe .
PAMGE  ME[F Cht.Le #8ane trfer CuU™Ce CONCHENINATIUNS GMS e GMS/M] GMS/nM FIELDL FIELD? CoODE : [
-] #C=f th 16 Vlats 17400 lo el Sy Y0t PH [TCY] 0.060 0,037 ®
. . NOK=CrE M ) 101 i TOU . hm 14 Veld 0.0 100,88 PPM 22413 2el71 14349 MPG KPL  LZ100%M
N cu2 23 at, 2 Jolan '3 1ot Uettey lelne & 2366,67 230,269 163,0P3 38,6 16,34 6] [
" N 17 Ses Teatn 17 wen 0.n 16,00 PPN 1489 0.lu6 0.1186 C‘)ﬂ : 0
! -~ 4ETOGHTED ValUES "e o Cus 0K : MPG KPL L/100KM i
i (OAMS /M F 0.0k vl 230, Y WEIGHTED VALUES 3RS 16.3 6e) L [
] EFONL HOUNINING NS "alHS C3uel0 2ellla J8.0720 1643676 6.1170
! GHANS 7RHM PRY] Y 141, S 12-76 F1P 38,4 16,3 6.1 .
A #EFORE ROunLING D U3T00 B Y Yusg 0m 1a3092 IR 0495 16,3465 641174 ® | 'JL
{ UNWEIGHTED FTP  1JA,.6 163 fel v
4 38,4495 16,3465 - 6ellTH »
) °
. COMMENTSE FIESTA TESTING OF GOULM.NM  MODEL J*00 DEVICE . k.
H . SPECAIL SHIFT SPEED UF JU=20-060 : -
i @ ‘ . . . ]
e o}
° ° ?
:.' r .
@ ]
(1] J :
e mppm— v e o # 0

- 0
) SR nilo o T . . OYNO SITEtL20T7 _ TEST & T79-9896
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. i
DYNO SITEID207 TEST # 79-9895 1979 LIGHY DUTY VEHICLE ANALYSlS 1 PROCESSEDT 13138140 SEP 13, 1979 o i
| | o
MFE, ALT,. EQUIVALENT  ACTUAL OVER=e /==w-cceca TEST TYPE ==ee-ce=/ . {
“FR., VER- REP. RUN., RETEST H.P, TEST DYNO TRANS.  DRIVE EXPERIMENTAL < . \’ E
J00E  VEMICLE 1.0. SION EVAP INIT. 6HG. CODE ACHP METH. WEIGHT HePo CONFG. CODE /~=ecee TEST PROCEDURE =we=ee/ .
30 GCFBWEDGGaS 0 2000 77.3 : CVS 75-LATER {
ORIVE MEASURED ®
CURS AXLE AXLE /+== IGNITION TIMING =ee/ /Jecew== § CO ======/ [DLE SOAK COASTDOWN
PREP DATE WEIGHT WEIGHT GAUGE MEASURE  #i w2 RPM  GEAR LEFT RIGHT COMB. RPM GEAR PERIOD TIME °
EMPTY .
/= AMBIENT TEST CONDITIONS - 7/
BARO  WET DRy evs °
"HG BuULB BULB UNITS UNIT
29.18  63.2 e F 27¢
®
ACTUAL
3 DYNO INEWTIA IMDICATED bDvu TIRE NOX RELATIVE ’ :
TESY DATE HR, SITE SETTING UYNO H.P. HeP, ODOM. PRESSURE FACTOR HUMIDITY ALDEHYDES ' F
9-12-79 09 D207 2000 5.3 2198.8 45,00 1.0062 66,7 \
. . v
BAG ) JeST2 MILES S5.7648 KM 8378. ROLL KREVS. VMIX® 2837.0 CUFTe OILUTION FACTOR = 15.,231) . q
SITE €A21S EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED } MaSS EMISSIONS AUX. AUXe  AUXe
RANGE METER CONC. RANGE METER CONC. CONCENTHATIONS GMS. GMS/M1 GMS/KM FIELO] FIELD2 CODE : %
HC-F 1D 15 «8,1 72.28 15 3.0 4,46 68,10 PPM 3.15 0.88) 0.549 . L
NOX-CHEM 16 54,6 55.179 16 0.2 0.21 55,59 PPH 8,60 2.406 1.495 MPG KPL  L/100KM
coz 23 35,5 0.841 23 2.1 0.046 0.800 % 1176,01 329.245 206,584 25.9 10,99 9.1 3
" co 18 54,6 265.49 18 0.3 1.42 266.15 PPY 26,71 6917 4.298 ﬂ 4
JAG 2 3,825 MILES 6,156 KM 49164, ROLL REVS, VMIX= 4782,0 CU.FT, DILUTION FACTOR = 22,482 N
SITE #A21S EXHAUST SAMPLE BACKGROUND SAMPLE "CORRECTED MASS EMISSIONS AUX. AUX,  AUX. L o
RANGE METER CUNC. RANGE METER CONC. CONCENTRATIONS GMS, GMS/M] GMS/KM  FIELD1  FIELD2 COOE F
HC~F 1D 14 Je.3 V.55 la 5.8 4,26 6+.4R PPM 0,51 0.132 0,0R2 . ’
NOX=CHEM 1o 39.9 10.10 16 1.0 0.26 9.86 PPM 2457 0.672 0s617 MPG . KPL L/Z100KM ®
co2 23 25.7 0.587 23 2.0 0.042 0.547 % 1355.30 356,338 220,175 2646 10,48 9.5 L
co 17 32.1 18,45 17 0.4 0.96 77453 .PPM 12.22 3.196 1.986 ° S
BAG 3 1.554 MILES 5.719 KM 82R6. ROLL REVS. VMIX= 2789,0 CU.FT. DILUTION FACTOR = 17.S10 . 3 -
SITE wA215 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AU, AUX.  AUX, ]
RANGE METEN CONC. RANGE METEW CONC. CONCENTHATIONS GMS. GMS/M] GMS/KM™  FIELDl  FIELD2 CODE L
HC~F 1D 16 22.7  "16.80 16 5.8 “«.26 12.78 PPM 0.58 0,166 0.102 ,’
NOX=-CHEM 15 79.7 39.92 1S 0.3 0.15 39,78 PPM 6.05 1.701 . 1,057 MPG . KPL  L/100XM L
co2 23 3z2.3 0.756 23 2.0 0.042 0.717 % 1035.65 291.419 181,080 30.1  12.78 7.8 ®
co 17 30.0 73,26 17 0.2 0.48 72.80 PPM 6,69 1.884 1.170
WEIGHMTED VALUES HC co co2 NOX MPG xeL L/100KM ®
GRAMS/MILE 0.30 3.6 33z, 1.31 WEIGHTED VALUES  26.2 1.2 9.0
BEFORE ROUNDING 0.2968 3.608 331.85 1.3146 26,1899 11.1502 8.968) t
GRAMS /KM 0.184 2.26 206, 0.82 72-74 FTP 25.2 10.7 9.3 [
BEFORE ROUNDING 0.18646 2.2621 206,20 0.8167 25,2313 10,7269 9.3223
UNWEIGHTED FIP 2646 113 8.8 &
26,6256 11.3197 8.8341 4 f
7OMMENTS! FIESTA TESTING OF GOODMAN MODEL 1800 DEVICE < ’
SPECIAL SHIFT SPEEDS OF 10-20-40
ROLL REVS FOR BAG 1 CALCULATED FROM PAST DATA
o

6110 0

DYNO SITE1D207

TEST # 79-9A9S
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) OYNO SITEID207  TEST # 79-9900 I 1979 HIGHWAY FUEL ECONOMY ANALYSIS | PROCESSED! 09100147 SEP 19, 1979 oL
L eeesessceceaceccsees coarsevccrtcnannnevruanen !
0 ' , ®
: ' HFR, ALT.  EQUIVALENT ACTUAL * OVER= /===eee=ee TEST TYPE =cece=e=/
—~NFR, VER- FEP., RUN, RETEST HoP, TEST DYNO  TRANS. DRIVE.  EXPERIMENTAL:
€ IODE  VEMICLE 1.D. SION EVAP INIT., CHG. CODE ACHP METH. WEIGHT H.P.  CONFG. CODE  /====== TEST PROCEDURE ====-=/ .
© 30 GCFBREJLG49 0 2000 7.3 . H¥FE .
41 ® ORIVE © - MEASURED e}
, CURB  AXLE AXLE /=== IGNITION TIMING ===/ / - % CO /  IDLE: SOAX  COASTDOWN -
PREP DATE  WEIGHT WEIGHT GAUGE MEASURE W1 w2 RPM  GEAR . LEFT RIGHT COMB  RPM GERR PERIOD  TIME f
T e EM2TY ®
T 0. /- AMSIENT TEST COMDITIONS - 7
i o BARO wET pPY . CVS ®
S “HG RULB  BULB UMITS" UNIT
29.01) 62.0 Tl.6 F e7C
] ol
3 . ACTUAL
CYNO  INERTIA [INDICATED  OVY TIRE NOX  RELATIVE . :
i €  TEST DATE HR. SITE SETTING DvNO M.Pe  HoP. ODOM. PRESSURE “FACTOR HUMIDITY  ALDEMYDES ®
9-18-79 11 0297 . - 2n00 5.3 2315.0 45,00 0,9759 59,1 :
© BAG 1 10,216 MILES 16,641 KM 23010, ROLL REVE, - VMIXz 40B2,0 CU,FT. DJLUTION FACTOR = 11,632 » ®
SITE #4215 FXHAUST SAMPLE BACKGROUND SAMPIE CORAECTED MasS EMISSIONS AuX, AUX.  AUX. _
. RANGF  METFP CONC. RANGE METER CONC. CONCENTRATIONS GMS. GMS/MI GMS/KM FIELD] FIELD2 CODE ,
o HC-F 10 1o 17,1 12.63 14 4.6 3.38 9.56 PPM 0.66 0.062 0.039 : ®
E NOX-CHEM . 16... 87.9  84.01 16 0.1 n.11 87.91 PPM 18.97 1.857 1,154 “pG KPL  L/100KM
. co2 23 46.5 1.149 a3 1.9 0,040 1.113 8 2353.17 230,365 163,130 38.4 16,33 6.1
. e co 17 6.9 16,67 17 0,0 0.0 16,67 PPM 2.26 0,220 0,136 e}
i _ 4EJGHTED VALUES HC co coe NOX MPG KPL L/100KM 6’?\ w
v GFAMS/MILE 0.06 0.2 230, 1.86 WEIGHTED VALUES 38,5 16.3 6.1 L I o
. BErnNuE ROUNDING n,0622 n,219 230,36 1,8567 ) : 39.46726 16.383] 6.1187 . 3
i GRAMS /KM 0.039 n.16 169, 1.15 : : 72-74 FTP 38.6 16.3 6e1
(B B8EFORE ROUNDING 0,03867 N.1364 13,12 1.1537 I e266 ’ 16,3368 6.1211 [ ]
! : - : . UNWEIGHTED FTP 38,6 1643 6.1 }
: 38,4266 16,3368 6.1211 : :
o ]
¢ COMMENTSS FIESTA TESTING OF GUOUMAN MODEL 1800 DEVICE “
o SPECIAL SHIFT SPEEDS OF 10-29-60
P @ ®)
® @
i@ ®
i e N
® L
~ -
1) <
i3 .
1 e . @
A JQ T R Y 11 TR T DYNO SITEID20T  TESY # 79-9900 0
e e . . ! RURA Sis s SO
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O} ovno SiTESD207 TFST » 79-990) | 1979 LIGHT NUYTY VEHICLE ANALYSIS | PROCESSED! 09120829 SEP 21 1979 g
9 : o
"EH, ALT, EQUIVALENT  ACTUAL OVER=  [e==w=ec—ce= TEST TYPE =co~=ces/
wWFR, Vi k= hb, HUN, RETEST H.P, YEST NYNY THANS, DHIVE ERPERIMENTAL g
l0DF \ VEMICLE 1.D. SIun EVaP 11T, CHG. COIE  ACHP  METH. WE JGHT HePo CONFG. . CODE fom=eea TEST PROCEDURE ==ov=e/ B
30 GCFUWEJGw49 , 0 2000 7.3 CVS 715-LATER -
L LETVE : MEASURED ®
CuvH Axpe axpE /=== IGNITIOM TIMING =+=/ [=cee=e § CO =veom=~/ TOLE : SOAK COASTOONN
° PREP DATE WEIGHT  WEIOMT  GAUGF  MEASURE 7] "2 APM  GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD TIME . ®
tupPily . .
/= AMBLIENT TEST CONNITIONS - / . t
L aARO wET oy AN g
“HG suLB BULY UMITS  unhill
o 29.26 62,1 70.7  F 216 °
AL TyAL . ,
DYNO TMEWTLA  1HDILATED  DyU TivF NOX KELATIVE :
®  TEST DATE HR. SITE  SLTTING  UYHO H.P, H.Pe  0DOM, PRESSURE FAGTOR HUMIDITY ALDEHYDES L
9-19-79 10 DOV 2000 Bes 234%. 45, 0.9R00 6l.8 - 3
© 846 1 3.546 MILES 5.706 KM 82n7. WOLL WEVS. VMIX= 2H3IN.0 CUF T, OILUTION FACTOR = 15,823 [
SITE MA21S E2rAUST SAMPLE ACKGROUMI) SAMPLE COWKRECTED MASS FMISSIONS AUX, AUX. AUX.
RANGE  “FTFR ConC. WaNGE  “EfenR CONC, - CONCENTHATIONS 6MS. | GMS/M] GMS/KM  FLELD] F1ELD2 CODE
o HC~FIN s 66,9 6609 15 2.6 J.R7 hea 6l PPY 2.89 0.A16 0,507 i : o
HOX-CHEM 16 Se.u Sr.27 16 0.0 0.U 55420 PPM ] 2.302 1450 MPG KPL L/7100KM
co2 23 34,4 el 23 2.l G006 0.773 » 1135.77 320.32% 199,061 26.2 11.15 9.0
C-y ¢ 14 Ta.1 36n.29 18 vl n.671 165,75 HPM Ja.y 9.642 5.991 ®
\
~—BAG 2 J.41A HILFS bolte ¥M  1901. ROLL REVS, VMIXZ aH09.0 CULFT, DILUTION FACTUR = 22.R)) . O S
Q sitF #s21% FahAUST SAaMpLb HACRGHOUND SAMPYLF CORKECIED MASS FMISSTUNS AUX, AURe  AUX. ®
HAMGE  METEK COLC.  NANGE  HETER CUNC.  CONCENITRATIONS GMS, GMS/M] GMS/kM  FIELDI FLELD2 COLE
HC~F [0 jo 15.5 Tlawss (K3 5.2 JoH? Tl $Pu Y G.160 0.100 IE .
-] HOX-CHEM 1o 4ded 10.70 1o 0.l 0.01 10,68 PPH 2.7 NeTl6 0,006 MPG . KPL L7100KM e
cnz 23 25,1 deSIT 22 lee 1,066 0,533 & 1327.92 JuT.n4) 216,138 2540 © 10,64 9.4
co 17 3.2 9101t 17 V.0 V.0 91411 PPH 16,65 3. 784 2.351 ‘ :
Q . o Y
BAG ) 3.546 MILES 5.706 KM  B267, RULL WEVS. VMIX= 2A02.0 CU.FT, DILUTION FACTOR = 17,796
- SITE #A215 EXHAUST SAMPLE HACKGHOUND SAMPLE CORRECTED MASS EMISSIONS AUX. | AUX. AUX o {
® . FANGE  METER CONC.  RANGE  NETEWN CONC. CONCENTRATJONS GMS. GMS/MI GMS/KM  FIELD) F1ELD2 CODE ot
HC~F 0 16 ?26.9 17.94 16 P 3.53 16,61 PPy 0,76 0,216 0.1 Lo .
HOX=CHEM 1% 91,2 [ 15 0.1 0.05 40,61 PPM 6.00 1.703 1,058 MPG Y KPL L/7T00XKM
® coe 23 Y] p.l43 23 2.2 0,066 0.700 & 1015.61 286,436 177,983 3045, 12.99 Te? o ‘
Cco 17 3.9 Tre9n i U.0 0.0 77,90 PPM 7.20 24031 1.262 ;
@ WEIGHYED VALUES HC 43 coz NOX MPG xPL L/100KM o
GHAMS/MILE 0.31 4,5 325, 1,32 WEIGHTED VALUES  26.6 11,3 8.R
© BEFORE HOUNDING 0.3107 4,515, 325.28 1.3226 26,6266 11,3159 8.8370
] GRAMS /KM 0.193 2Rl 202, 0.82 12-74 F1P 25.6 10,9 9.2 @
BEFORE ROUNDING 0.19308 2.H060 202.12 v.8218 - 2546069 10,8866 9.1855, :
: UNWEIGHMTED FYP  27.0 1.5 8.7 p
® . 27.0313 11.4921 8.7015 o}l
1- - T-OMMENTSS FIESTA TESTING OF GOUDMAN MODEL 1R00 DEVICE k
\J SPECIAL SHIFT SPEEUS OF 10-20-640 < »
DEVICE INSTALLED . , {
® ®
) , 0
) nll0 © DYNO STTVESD207 _ TEST @ 79-990) __ - % |
. Ve . . . . H T E v . Lo

H NP Ao B ShBEWY
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! ¢S DOYNO SITEID207 JEST & T79-99u¢ I 1979 HIGHWAY FUEL ECONOMY mu_vsxs t PROCESSEDS 07108107 SEP 24y 1979 0O .
’. ............... eemmerrmmcccercannm—————— ) {
MER, ALT, EQUIVALENT ACTUAL OVER=  /=weecece= TEST TYPE ~w-veccse/ |
| ,{«rn. VEN- MILP. RUN. WETEST H.P,. TEST DYNO TRANS.  DRIVE EXPERTMENTAL
"ODE VEHICLE 1.0. S10N Evar §NIT. CHG.  CUDE ACHP METH. WEIGHT HeP, CONFG. CUDE /ewwen= TEST PROCEDURE ------I ) '
J/ 30 GCFHWEI4449 0 2000 7.3 : HWFE T
o DRIVE "MEASURED o
1 CurRY AXLE AXLE /=== IGNITION TIMING =re/ [occeee § CO ===/ 10LE SOAX . COASTDOWN
X PREP DATE wEIGHT WEIGHT  GAUGE MEASURE (2] #2 HPM GEAR LEFY RIGHT COMB RPM GEAR PERIOD TIME
o EMPTY . o
0 .
. /= AMHBIENT TEST CONDITIONS - / | .
o BARO wET vRYy cvs ®
"HG suLy BULH UNITS  UNIT
29.26 61.8 7143 F - erc
1 @ ACTUAL ' . *
OYHNO  INERTIA 1HDICATED  Dwy TIRE NOX RELATIVE )
@ TEST DATE WR. SITE  SETIING UYND H.®,  H.P, ODOM. PRESSURE FACTOR HUMIDITY ALDEHYDES ! ’ f (]
. 9-19-79 )1 L2017 2000 5.3 2356, s, 0.9692 SA.5 . .
@ BAG 1 10,163 MILES J6.355 KM 23h4S, RULL NE VS, VMIXs 6126.0 CU,FT, DILUFION FACTOR = ]1.B72 @ ]
SITL #A21S FXHAUST SAMPLF BACKGHOUND SAMPLE CORNECTED MASS EMISSIONS AUX, AUX o AUX o; f
RANGE METER CONGC.  WANGE METER CUNC. CONCENTRATIONS = GMS, GMS/M1 GMS/KM  FIELD)  FIELD2 CODE
® HC-F 1D 1o 16.1 11,49 14 4.y 3.31 .86 PPM 0.60 0.059 0.036 . ®
“HOX=CHEM 16 9,2 93.9% 16 0.0 0.0 93.95 PEM 20,34 2.,00] 1.266 MPG KPL  L/100XM
cne 23 45.7 | 3 ) 2) 2e¢) 0,048 1.082 % 2311.06 22T.407 141.306 Je,.9 16.54 i 640
o < co 17 6.9 16.67 17 0.0 0.0 16,67 PPM 2.27 0.223 0,139 ®
’ f AETGHTED VALUES HC cn co2 NOX HPG xPL L/100KM m
T GRAMS/MILE 0.06 v.2 221, 2.00 © WEIGHTED VALUES 19,0 T 1646 6.0 )
‘i BEFORE HOUNDING 0.05H6 0,223 22T.40 2.0012 . 38,9800 16,5756 6.0329 v W
i GRAMS /KM 0.036 Hal6 16}, 1,24 72-74 FTP 38.9 16.5 6.0 N
i @ HEFORE ROUNDING 0.03647 0.1385% 141,30 1.2635 . 38.9230 16,5478 6.0630 ® :
1 : UNWE IGHTED FTP 38.9 : 16.5 60
! 38,9230 16,5478 6.0430
|
} d COMMENTSS FIESTA TESTING OF GOOLUMAN MODEL 1800 DEVICE e
¢ ) SPECIAL SHIFT SPEEDS OF 10-20-40
i @ OEVICE INSTALLED e}
{ P t 4 4 o
i
e . °}
i ® o
® . o
' (
® i ®
‘ i .
Q 6110 © DYNO SITEsD207 TEST # 19-9902 Y
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™  ovno stretozor TFST &« 79-44y) [ 1979 LIGYT puUTY VEHICLE ANALYSES PROCESSEDS 09120137 SEP 21+ 1979 i
.................. emaececctcamecnraaean e :
e . i . ®
— b, ALT, EQUIVALENT ACTuUAL OVERe | /e<eecccces TEST TYPE ec-ceec=ws/
A, VER- wEB, kU, RETEST H.P, 1EST pYHY THANS.,  DRIVE EXPERIMENTAL '
_-~00E VEHICLE 1.D. SION EvaP [nlT, CHG, CODE ACHP METH,. wEIGHT Heb CONFG,* CODE /=ev=e= TEST PROCEDURE ==ecwe=/ .
30 GCFBWED446Y9 0 2000 7.3 CVS TS-LATER ' :
o oM VE MEASURED o
CurH AxLE AXLE f=== TGNITION TIMING =~«</ /macecn § €0 weew=e/ I10LE SOAK COASTOOUWN .
® PREP DATE wWETOHT  WEIGHMT  GALGE  MEASURE ‘) L P4 APH GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD TIME °
FrapETY ' \
/= AMATFNT TEST CONNITIONS - ¢
L J BARN wET vuy vy ®
L0 suLs LY UETS T
29.13  61.0 m.3 F 2t
» . » [ ]
: ACTUAL : '
OYNO  INERTIA  [»DICATED OV TINE NOX  HELATIVE i ]
1._ TEST NATE HR. SITE SETIING uUyNy H.P, HeFo (D0Y. PHRESSUNRE FACTOR  HUMIOEITY ALDEHYDES ®
9-43~79 08 D207 2000 5.3 2386. a5, 0.9619 SA.H .
@ 846G 1 I.585 MILES S.776 "M H.abwe RULL WEVS. VMIAx 2H0Y,0 (U.FT. DILUTION FACTOR = 1S.64} [
SITE #A215 EXHAUST SAMPLF HACKGROUND SAMPLE COMRECTED MASS EMISSIONS AUX, AURe  AUR.
) RANUE b dER CUNC.  NANUE 7t TER COCs  CONCEMNIRATIONS GMS. GMS/M] GMS /XM FIFLD) FIELD2 CODE’
L ] HC-F 1D 15 ab5.0  el.eo 15 2e6 3e47 A3.9 bbM 2.94 0.R1Y 0,509 ®
HOX-CHEM is 6l,7 arnand in OeU 0.0 b hy PE 10,04 2.801 1e741 PG kPL  LriooxmM
cn2 C2) Ju,. ) V.Y 23 P [Ty 0,170 » 1120,47 Ji2.532 196,198 26.7 11.37 8.8
- ) co 14 BZel  w0l.ue tu 0.0 0.0 “hfoYe PPM 31,78 10,938 bohal Co
C sBAG 2 3.B8) MILES 6,269 kM 9nS), WULL wEV3, VMIXZ 47HG,0 CUFTe  DILUTION FACTOR = 22,937 : J '(:,’
® SITFE ma21s - EARAUST SAMPLE BACKGRUOUNL SAMPLE COMIE CIED MASS tMISSIONS AUR, AUR,  AUN, ®
RaANDE  METER CUNC. RANGE Wb Thwe CONCe  CONCENTRATIONS GMS. GMS /ML GMS /KM FIELDL FIELD2 CODE
HC~F 10O 14 14.3 1u.55 14 by KPR ] lTobt PPY Y 0.lue 0,090
® HOX~CHEM 1o w6 Vool 14 0.3 T 12.20 PPHM 3.06 0.783 0,697 MPG KPL  L/100KM ® f
cnz 21 25.¢ TPy COY 240 B,0672 0.535 % 132%.43 361.205  212.015 25.5 10.84 9.2
co V7 Ja.8 451 V7 0.0 [ a5.1% PPa 13,43 3,459 2.169 :
™Y . ) 2
BAG 3 3.582 MILFS S.7hn6 KM HiS1. RULL HEVS, VMIXz 27R1,0 CUFTe DILUTION FACTOR = 17.h08 :
SITE wa?lS EXHBST SAMPLE HACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUR, AUR.  AUX, U')
® RANGE  METEM CUNGC.  WANGE  mETEW CUNC. CONCENTRATJONS 6GMS, GMS/M] GMS/KM  FIELD] F1ELD2 CODE ® r
HC-F10 16 22.6 16.71% e a.m 3.5) 13.60 PPM 0.61 0.170 ‘ o.;oﬁ ) X )
HMOX=CHEM 15 Y.l a6,y 15 d.2 velu 45,94 PPM 6,66 1.858 1.155 MPG KPL L/7100KM
o coe 23 3.2 VTS 23 2.0 0.062 0716 % 1028.88 287,260 178,695 3J0.6 13,00 T.7 ® E
co 17 23.3 Sho73 17 v.0 0.0 56473 PPM $.20 1052 0.902 B ]
@ WEIGHTED VALUES HC co coe NOX g KPL L/100KM L ] f
GHAMS/MILE V.29 4,06 321. 169 WEIGHTED VALUES 27,0 11.5 8.7
U BEFORE ROUNDING 0.2905 4.317) 120.53 1,4938 26,96R) 11.4926 8,7013
GRAMS/KH 0.181 z.12 199, 0.93 72-14 FI1P 26,1 1.} 9.0 ®
BEFOREL ROUNOING 0414052 2.7163 199.16 0.9282 26,1119 11.1038. 9.0058
UNWEIGHTED FTP  27.4 11.7 - Beb .
2T.4160 116557 8.5794

®
«J)
L
o

LT L Y Y P PO PR P IY S DRI

COMMENTSS FIESTA TESTING OF GOUDMAN MODEL 1+00 DEVICE

SPECIAL SHIFT SPEELS OF

10-20-060

DEVICE INSTALLEDs waATEN RESERVUIR EMPTY

PR T 4

610 0

DYNO SITEIN207  TESY_#_19-990)
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MFR, VFER-
{'-‘roos VEHICLE 1.D.  SION EVAP INIT. CHG. C
© 7 30 GCFHBWEYGGuY [

-~ DRIVE
CURB AXLE AXLE
PREP DATE wWEIGHT  WEIGHT  6AHGE  MEASURF
o : FMB Ty
/= AMRAIFNT TESTYT CONDITIONS - /
® 84RO weET Dvy v
MG BULB suLe UMETS Ul
29.13 6l1.] TN A F AT
ACTUA), !
vYNO tHEwTla  InO{CATRD VU
TEST DATE HWR, SITE SEITING 0¥ H.Ps Ho b
9-20-79 09 N207 2000 5.3

BAG 1 10.239 MILES 16.47H KM 21a71, ROLL WEVS

SITE #A21S EXHAUST SAMpPLE HACKGRO
RANGE MFIFH CunC, HANGE  ME

=C-F 10 16 16.6 tcach 1e

MOY =T HEM 17 CY-PR ] 106,94 17

cne 23 whol 1147 23

. co 17 6.1 1673 17

1

WAEIGRTED VALUES HC co o C
(Y GRAMS/MILE 0,06 0.2 2
AEFOPE HOUNDING 0,060/. 0.194 Z
GPAMS /KM 0.037 Nel2 ]
{ REFORE. ROUNDIMG 0.03745 0.1206 1

COMMENTSE FIESTA TESTING OF GOUDMAN SYSTEMS ™
SPECIAL SMIFT SPEEUS OF 10-20-40
OEVICE INSTALLEU., wATENW KESERVOIR b

TR I W CF s eyas s M TITRIYC ie e TR Y. e B Wi gt P ieEgy o =g e e g meceemre :
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I 1429 vilGReay FUEL ECONUMY ANALYSIS ) PROCESSEDS 09120162 SEP 21, 1979

. #mwmeeeees TEST TYPE =mo=ccec/

ALT. EQUIVALENT  ACTuAL OVER=
TESTY HeP, TEST oYwo TRANS. ORIVE EXPERIMENTAL
QUL ACHP METH, WEIGHT HePo CONFG. CODE /eo==eee TEST PROCEDURE ==eee=/
2000 . 7.3 HWFE
! MEASURED
/=== IGNITION TIMING =+=/ [o==ve= § CO ==en~==/ 10LE SOAK " COASTOOWN
"l »2 (2] GE AR LEFT RIGHT COMB RPM GEAR PERIOD TIME
» ']
§
TIRE NUX RELATIVE i ]
o ODOM.  PRESSURE FACTUH HUMIDITY ALDEHYDES ¢ : i i
23917. Y, 0.9ha43 5843
B VMI Xz 4094.0 CULFT, DILUTION FACTOR = J1.753
UNI) SauPLL CORKRLECIED MASS FMISS]ONS AUX . AUX . AUX .
Tte COME,  CONCENTHRATIONS OGMS. GMS/ML GMS/nM FIELD] FIELD2 CODE
4.5 3.3 923 PPM 0.062 0.060 0.037 .
0.0 .0 106,98 PPH | 22.47 2.2)6 |.paa MPG XPL L/100KM
1.9 0,060 1.101 % 233%.34 228,083 161,726 38.8 16,49 6.1
[)] 0,0 1673 PP 1.99 0,196 0.121) ,
02 HNox . MPG KPL LZ100KH
28, 2.23 WEIGHTED VALUES 8.8 16.5 6.1
24.0R8 2.¢319 : 38,8094 16,4625 6.0744
LT-5 1.39 12-74 FTP "38.8 16.5 6.1 .
al.72 1.+3881 38.8147 16.5018 640599
UNWEIGHTED FTP 3R,.8 . 16,5 6.1
Ja.8167 16.5018 6.0599
ODEL 1KHON DEVICE
MPTY . .
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- ) OYNO SITEID207 TEST & 79-990" b 1979 LIGHT DUTY VEWICLE ANALVSIS | PROCESSED! 0710R811) SEP 244 1979 (o)
, Coon T R L. e ecmcomcecc oo e ——— - .
{ H
) )
o MEs, ALT. LOUIVALENT  ACTUAL OVEH=  /e-==—eece TEST TYPE meeeness C',
i R, VER~ WEP, HUN, RETEST H.P, TEST DYNO TRANS.  DRIVE EXPERIMENTAL .
I @ CcooE VEHICLE 1.0, SION EVAP INIT. CHG. CUDE ACHP METH, WETOHT HoPe CONFG, COOE | #====e= TEST PROCEQURE ------I ®
30 Gcruu::a«a? 0 2000 7.3 : CVS 7S-LATER _
i ° LR IVE ‘ : MEASURED °
CUHY AxLE AXLE /e== IGNITION TIMING ===/ [orce=e § CO cnecce/ TOLE SOAXK COASTOOWN : L
. PREP DATE WEIGHT WEIGHY GAUGE MEASURE (2] (74 RPH GE AR LEFT RIGHY COMB RPM GEAR PERIOD TIME
o EMPTY ®
! /= BAMRIENT TEST CONDITIONS - /
‘ o 8aR0  wET ooy ~ocva ®
: "H6 suLs sULH UNITS  UNIT N
i 28+95 6}.0 71.0 F el i
k] *
° ACTUAL ) g
: OYNO INERTIA  INDICATED  OVU TIRE NUX RELATIVE . ! ;
© TESTY DATE HP. SITE  SETTING LYND H,P.  H,P. 0DOM, PRESSURE FACTOR HUMIDITY ALDEMYDES o
9~21-79 08 0207 2000 5.3 - 2429 .4 «5,00 0.9591 56.5 3
0O BAG 1 3,569 MILES S.763 KM 8321, PULL HEVS. : VMIX= 2H16,0 CULFT. DILUTION FACTOR = 15,6139 o}
! SITE #a215S EXRBUST SAMBPLE HACKGROUND SANPLE CORKECTED . MASS EMISSIONS AUX. AUX.  AUX, L :
{ . KANGE METHW CutiCe RANGE “METER CONC, CONCENTRATIONS GMS . GMS/M] GMS/KM F1ELDL FIELD2 CODE ¥
HE HC-F 1D 15 525 18.92 15 3.1 4,61 Ta.60 PPN 3.43 0,961 04597 ®
! NOX=CHEM 15 67.4 i, e ie 0.0 0.0 68.36 PPM 9.99 2,799 1.739 MPG KPL LZ7100KkN
coe 23 363 0,409 23 2.0 0,042 0.770 % 1122.46 314,518 195,033 2646 11,30 8.9
- Py } co 18 80,1 397,65 18 0.3 1.62 30,13 PHM 36,75 10.298 64399 e
BAG 2 3. eov MILES 64,227 XM Y022, ROLL REVS, VMIX= 4752.0 CU.FT. DILUTION FACTOR = 22.748 w
Q@ SITE #a2)s EXHAUST SAMPLE HACKORUUMD SAMPLE CORRECTFO MASS EMISSIONS AUX . AURe  AUX. " w
HANGE METEH CUNC. RHANGE MEVEW CUNCe CONCENTRATIONS GMS., GMS/ME GMS/KM  FIELDY FIELDZ2 CODE
HC-F 10 16 13.9 1v.2% 14 4.8 3.53 6.HY PPM 0.53 0.138 0.0R6
'y NOX-CHEM 16 “5.8 11,54 1o 0.2 0.05 11.53 PP 2.89 0,739 0,657 MPG KPL  L/100KM °
coe 23 25.6 U.540 23 2.0 . 0.062 0.540 % 1328.29 Jud,27) 213.299 25.4 10.680 9.3 v
co . 17 3.4 LTS ) 17 0.2 V.08 83,70 PPM 13.11 3,389 2.1006 ~!
. . ! W,
' ® BAG ) 1.586 MILES S.770 KM w360, ROLL REVS, VMIX= 277%,0 CU.FT, DILUTION FACTOR = 7,586 ;- g 1
SITE #Aa2lS EXMAUST SAMPLE HACKGHOUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX. AUX..
o RANGE METFR CONCe RANGE METER CONC. CONCENTRATIONS GMS, GMS/MI GMS/KM  FIELDY  FIELD2 CODE’ Y
i HC-F 1D 16 22.1 lo.Ho 14 S0 .68 13.33 PPM 0.60 0.169 0,105 . :
j NOX=-ChEM 15 94,0 46,97 15 0.2 0.)0 46,88 PPM 6.70 1.804 1e}7) MPG KPL L(IOOKN i
! @ co2 23 2.2 0.754 23 2.0 0.042 0.714 % 1026,67 206,333 177.919 30.6 13,02 1.7 [
co 17 27.1 66,09 17 0.0 0.0 66.Q09 PPM 6,05 1.6806 1.068 : )
@ WEIGHTED VALUES HC co . co2 NOX MPG KPL L/7100KM ot
ORAMS/MILE 0.3¢ 4.3 iz22. 1,48 WEIGHTED VALUES 26,9 11.4 8.7 b
HEFORE AOUNDING 0,3160 G, 361 32l.72 1.,4760 ’ 26,8916 11.435% BeT4AY )
. ® ORAMS /KM 0.196 2. 10 200, * 0.2 . T2=-T6 FTP 26.0 110 9.1 ®
" BEFORE HOUNUVING 0.196139 Z2e10l4 1v9.91 0.9171 25.9651 11.0389 9.0588 X
_ UNWEIGHTED FTP 27,2 11,0 8.6
‘ Y 27.3222 11,6158 B8.6089 - @
A }o»ucutsn FIESTA TESTING OF GOOULMAN MODEL 1H00 DEVICE \_ .
& SPECIAL SHIFT SPEEUS OF 10-20-40 ®
® L 4
O C
6110 0 . DYNO SITE10207 TEST # 79-9905 .
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‘ () OLYNO SETEID207 TEST & 79-99ub 1979 HIGHdAv FUEL Ecowouv ANALYSES | PROCESSEDS 0T
- .
N MEu. aLvT. EQUIVALENT  ACTUAL OVER=-
A FR, VE W= WEB. HUN. RETEST H.P. 1FST DYNO TRANS. DRJVE
I @ CODE  VEMICLE [.D. SION EVAP INIT, CHG, CODE ACHP HMETH. WEIGHT HeP. CONFG.,  CODE
1 30 GCFAWEJI4469 0 2000 7.3 H
1l @ DRIVE . .
. Cuvy AXLE AXLE /=== IGNITION VTIMING =wc/ [ecc-ecxe § CO ~=w===/ JOLE !
' PREP DATE WEIGHT WEIGHT  GAuGt  MEASURE  #) w2 RPM  GEAR LEFT  RIGHT COMB°  RPM  GE
A . ] FMb Yy
- . ]
1 /7~ AMBIENT TEST CUNDITIONS - /
' - BARO wET uey ' . CVs
H MG HUL B BULH UNITS UNET
" 28.97  60.5 .o r 2
! d aACTUAL
; OYHNO TNERTTA  ENDECATEL . DVU TIrRE NOX - RELATIVE
TEST DATE HR. SITE  SETTING Lvi) v.P,  H,P, ODOM. PHRESSURE  FACTOR  HUMIDITY ALDEHYDES
®
{ 9=21-79 09 D207 2009 5.3 2652.1 45,00 0.9490 54.6
‘1 @ BAG 1 10.226 MILES 16.455 KM 23K39. ROLL HEVS. VMIX= GUB2.0 CU.FTe  DILUTION FACTOR = |1.75%
i SITE #A21S EXHAUST SAMPLYL BACKGROUND SAMPLE COKRECTED MASS EMISSIONS
1 RANGE ME Ttk CUNC. WHANGE METER CONC. CONCENTHATIONS GMS, GMS/MI GMS /KM
i @ HC=F (O 1o 15.0 .06 1o .7 3.45 8.50 PP 0.57 0,055 0.034
' NOX=CHEM 17 04,2 11,76 17 0.1 0.2% 111.50 PPH 23.39 2.288 1.622
i co2 23 6.l 1.137 23 2.0 0,042 1,099 2324.41 227.339 141,262
N ! ') co 17 5.6 13.52 17 0.0 0.0 13.52 PPM 1.82 0.178 0.111
[]
q WEIGHTED VALUES HC co coe NOX MPG
’ ® GRAMS/MILE 0. os V.2 2217, 2.29 WEIGHTED VALUES 39,0
HEF ORE WOUNDING 0.US%4 0,117 2271.33 2.2880 38.9800
GRAMS /KM 0,034 0.1 141, 1.42 12-74 F1P 34.9
| BEFORE ROUNDING 0.03444 0.110% 161,26 1.6217 38.9486
®
; UNWEIGHTED FTP 38.9
: . 38.9486
¢ | oe
: COMMENTS! FIESTA TESTING OF GUODMAN SYSTEMS MODEL 1800
SPECIAL SHIFT SPEEDS OF 10-20-60
{ @
J ‘
[ )
..
' '
®
!
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SEP 24y 1979

foemecncca TEST TYPE emecccea=/
EXPERTMENTAL i
‘femee=e TEST PROCEDURE ===ee=/

WFE
MEASURED
SOAK  COASTDOWN
AR PERL0D TIME
AUX. AUX.  AUX.
FIELD1  FIELOZ CODE
MPG XPL  L/100KM
38.9 16455 6.0
XPL L/100KM
16.6 6.0
16.5819 6.0306
16,6 6.0
16.5586 6.0391
16.6 6.0
16,5586 6,039
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30 GlF At 1Cuey " BT
® oo .
Crion At . emm L T s =eed
PUED L TF L1 LXTT B AN ENLTE SR Vot u) o et Y
o S v
/= AMSLENT TEST Comnt THe: 5 - 7,
n RYYH:) o1 ey (SN
Moy ouLh RTINS AN Gl
FAIRN Id 2.1 .’ 3 2l Y
L]
S0 Frept
INO LLALECS I S TR SR tivth VE-F Hox
. TEST NATE nw, LITH L R LN R L B L S A LU S T EP14
9-in=1% N9 o207 20010 et 2N YT Ve VA2
@ AL L Veann MIFY S, TR T e, e o . [ S VR W LN 3 I
SET: w82} EARAST Stk T VR T Y BT LN PR T B Covecart b iy
kABGE e Th g, «“ R Y LA T TR P B E1 LV
[ ] it [ [ 5 SNe. (X I [ ] (e lhesl e
LT RN YTy 14 e ) L PR | b [T} el Yielre MM
s I -1 ] | A HE ) [PRIES Deled 4
N €ty | B S [P ) o, won PP LR PP PIYT T
-‘)5"\6 PR TR U RS T I S B I T VOO I STV VA E w0 b T,
(7] SUTF waely FORAYS T e ol ML A by Lo CIED
Hatdyy  cep 14 [T YN B T Cln. Co Yl DS
S I Je 15, | D [ “wat LRTEN Hotns P40
[1] R ¥ g [ e boo ) e b [FPTR Toelt P
‘ N2 3 e et ) B P | [TINIRYS thehuh 4
49 (N} [ Iy Vi ot el YT TN
<
MAG ) J.lah MILE S T e cre gt [N WAl As S tet (UL T,
SITE aupit L3 Y XY IS IR RN ST R CE N TR ST R L)
7] L L T R . . D N TR KYAN B XTI
HOESF ) I3 Ju i | KR ). B [ | R T |
L PR e T [ ¥} L G o ) [ ] T wire 'ty PPIG
[ [ 3 V.1 o7 B 7o e fiey e loh n
0 V FEIY ST 1/ N el cnL) P
'
@ #FINHTEN vty ne (X1 L2 s
aSAvaZialr e ([N} &, ieh. Ao
FEFOUL GLt it [N g Bt [N ]
(7 OF Ly ho2 ! Py PR ol
HEF Rt HOUND LSO N.20001 Paraks K1) P U [OTTTECY
o
WCLMMAEUTSE FItSTA NSl NG OF GDoprann muptt 1269 D VG
tJ SEECIAL SHIFT SPvFL, (b La-cu-6h
LEVICE Insbrprsy;
(5]
© chin ow

susg vnais | PHUCH SSEDT OTISAIZA St 19 1979 i
e
T ACToAL OvFu- /om=mmmm=c 1EST VYPE ~~cca=es/
HAEN Tanhis, NRIVE €k lENT AL :
rier, CunFG, CovE femmmee TEST PRUCEDURE =ee==r/ ‘ |
1.3 CVS TH-LATEN - !
MEASURED ® ‘
------ 4 O emmmen/ 10LF SOAN COASTNOWN .
LEFT RIGHT  COMy RPM GFAR  PERIOD VIME ; .
. .
e
. ¢
o}
. . |
Ry AV IVE H
HUS I T Y ALDENYDES : o
“Pen .
COILOTION FACTUR = 154249 ®
MASNS rHMISSIONS AUX, AUX, AUX,
(45, [HSAT| GMS /KA FIELDY FLELD2 CODE
Newl [ Y (- o1 ] ® }
[ 1} Codle9 | IR L) MPy nPL L/100%XM
tle9.03 121,106 199,62 2640 11.07 9.0
YO 10 ane R o
DILCEION FaClon = 2843 ) { ‘
ASS FMISSIONS alx, AUk, AUX. D
[T LUS/HMI GMS/nM FltLol +1ELD2 CODE
N,hh [ S LY 0,10 :
soln 0,707 n.ay "pG KPL.  L/100KM o
134,73 Jab.2u0 215,160 25.1 1o.68 9.6 \
1>. 1) ST} 2.600 i
DILVIIUN FaClon = JT.24) .
HASS FMISSTUNS ALK, AUR . AUX,
(%54 Al GHS/ra FLELDL  FIELD2 CODE o
Y 0, ke L B b -
6.0 Le/0> V060 MGy nPL L/7100KM
1061.179 st Ih}.217) RIS 12.78 7.8 -]
.2 1,769 [T
MPY, ANHL LZ100KM ®
wE LTt N vaL LS Z2h oS 11.3 8.9
2bebH)AY 11.2506 8.488)
12-76 L0 2h.6 10.9 9.2 ®
294562 10.8677 9.2015
INCETGHIED FIP 26.9 theo 8.R
2htin 2y 114200 08,7562 ® ’
C t
|
L
ol
oYsn SHTETN20? TEST # 79=9A99 .
e e s pevmts Vmeam————— =
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Attachment D

Summary of TRC Fiesta Testing

‘Date  HC (gm/mi) Cco fgm/mi) MﬁOxuigm/ﬁilé) Fuel ﬁéonomy (mi/gai)' Coﬁméﬁfs'
10-4-78 .58 6.23 1.52 30.17 B/L
4-20-79 942 ~7.926 1.576 34.05 Device
Percent (+)62.47 (+)27.2% (+)3.68% (+)12.92%

II. Performance Data (Averages)

"A. 0-60 mph (sec.) . T

Unmodified Modified

South 18.13 Std. Dev. = .76 14,61 Std. Dev. = .42
North 16.7 Std. Dev. = 1,15 14.8 Std. Dev. = N/A

B. Quarter Mile Times (sec.)

South 21.41 Std. Dev. = .32 19.86 Std. Dev., = .2
North 21.08 Std. Dev. = .56 20.26 Std. Dev. = N/A
III SAE J-1082a Fuel Economy Test

Urban (mpg) Suburban (mpg) Interstate (mpg)
Unmodified : 21.97 36.80 37.04
Modified 25.27 36.66 39.70
Percent Change (+)15.0% (=)0.38%% (+)6.70%

*Fxplained in Attachment I.
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1977 DETFRTIORATION FACTORS . ;
: PPOCFSSED? 111163649 AUG 2Us 1976

6¢

LIGHT OUTY TEST. WITH 13 POINTS, MODEL YEAR: 77 MANUFACTURE CODE: 31 MODEL NAMES FlEﬁIA
VEHICLF [.0. IST;CAR: 792-1+6=506347 FUFL. SYSTFM | CHHA 2 BRL TRANS ! M-4 : CONTROL SYS ¢ AIR INJECTION
VEHICLE T.D. 2ND.CAR: COMP . PATIO @t B.5 AXLE ¢ 3.33 . CATALYTIC REACTOR
ENGIMNE FAMILY T Fle.hGICVI INFRTIA CL. ¢ 2000 LA N/V : S1.0 i EXHAUST RECYCLE
FUEL TYPE t IND UNLFADFED,. 100 OCT DISPL, : 9r,0 CI Evap SYS ¢ CANISTER; .
COMMENTS s ’
MILES nC co NOX EvAP co2 FuE. ;
5051, 0720 114700 0.890 0.010 312.000 26,6701 '
FERT:- T S.400 1.000 0.060 378.000 22.8869
16R3H, Deh60 9,500 0.860 N.140 340,000 24,8509
149973, N.620 Ba4nn 1.050 0.0 342.000 264.8408
19490, (lar 30 9.200 0.970 0.090 302.000 27.8605 ‘
2LRH2, 1.060 10.200 1.010 0.040 323.000 25.9176 : ;
29839, 0.790 8.600 0.800 0.0 302.000 27.8986 ;
29925, 0.H90 13.000 0.R40 0.0 278,000 29,4516 .
36955, 0.510 10.000 0.950 0.0 350.000 24,1492 - \
I9K39, 0.H00 9.400 0.950 0.0 299,000 28.0495 :
44819, U.530 8.300 0.810 0.0 313.000 27.0725
44888, 6G.520 7.000 0.780 0.0 309.000 27,5838
498RY, 04450 13.400 0.670 0.010 294.000 27.9221
4000. TO S0000. MILES ‘
HC co NOX EVAP co? © FeE.
SLOPE = 0.00000172 0.0000273% -0.00000471 ~-0.00000150 ~0.00091731 0.00006559
INTERCLPT = 0.64104009 8.781046636 1.02254R7S 0.06901494  344,27639653 26.7152261%
CORR, COEF = 0.13724558 0.17772309 0.62271556" 0.49067931 0.488046642 0.50282937
COEF., OF DET = 0.018R F0.0316 0.3R78 0.2408 0.2382 0.2528
STN, EPRNR = 0.188105 2.291264 0.0R89553 0.,040425 24.820015 1.705982
4000.({CALC) = 0.647931 {R.A904L4LB 1.003706 0.063 340.607171 26,9776
S0000. (CALC) = 0.72717¢ 10.16R565 0.787012 -0.006 298.411076 27.9949
: ]
OETERIORATION ' '
FACTOR = 1.122 1.142 0.7R4 ~0.069*% 0.876 1.121

@ o THIS VEHICLE EXCFEDS 1977 CALIFORNIA STATE EMISSION STANDAROS

4 Jusuyoe3yyy
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Attachment F

ETHYL CORPORATION

RESEARCH AND DEVELOPMENT DEPARTMENT '.RESEARCK LABDORATORIES

-
ks \ ‘1600 WEST EIGHT MILE ROAD * FERNDALE, MICHIGAN 48220 + (313) 861~6040

/

e .7 ... November 9, 1979
[ SR i ».IJMr. John..Kekich T eeih .' . M : . . PR [ S AU -~ L T T .....'
EPA
2565 Plymouth Road
Ann Arbor, Michigan 48105
. Dear Mr. Kekich: L T
The results of test PO #A-1138-NMLX are as follows:
Motor 82.23 '
Research 91.35
_ Sincerely,

J. B. Hinkamp

JBH:sh
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3 .'.'Ihe epplicanon is unclear ag t

Edvard

has been tompleteds . Tnis analysis while. limited in’ scope, has raised

I\t sty €y

ENV!RON MENTAL PROTECT!ON A

{“oirep Srates

lkxn, Gﬁi}, Hsuerg
1333 Haw'Bampshxre

- iu: teaponu‘ £0. your‘

.:'~. ) x - N B
p econony rcttoiit device. under. section. 511'9f:” .

CQpaervation Aar on behalf of your cl;ent,

1800 appllcatxo

& "A.prel:azua:y annlyszb of the Goodmnn Systen Hodel

ting. performemu

aevetal questzonb sbout your. clients system ‘and’ tbe zen
tﬁe “60 Hxnutgs“ test: vebzcle. o L e

The queatxon ateas are lxsted below.

_ r fran D:. Belmuth Engleuan, P:ofeasor of <

"Hecbanxcal Bng1neer1ng ‘at Obio State Dniversity wvas' not 1nc1udea'1n

"A_Ehe original: applzcat;on packagas: . Mr. Georgé: E;:tradga of ny ataf
was -informed- +hgt this: letter was acc;dentally ‘not-imclud ed’ in’ theg L
packet and would -be forwa:ded. 1£ you have not already done so, plaaae

.send this le::er.-’

2. The ¢ agt fuels used in :ha before and after*nodxfzcatzon tests'were"
dxfferent.; The before modification ! ‘tests wers. Tul, with Shell Unleaded,
_ whereas the modified testing w&s. rud with ‘Sbell ‘super Unleaded.- “Why?.
The usa. of a higher octane. fuel for the. after wodification vast _could
decrease the tepdency to detomate in the modified: engxne,- This switeh
in. rest fuels makes cod
' since the gifferexnces: in fuel ecsnomy’
.attrxbuted only o zhz engine modxfxca:zons- . b

and’ axhauat emlsaxons caanot be

o the. modzfzcatxons made to thé ?iesxa

test vehicle engines - “The 60 Minutes'. transeript meptions diffetent
. p;otons. a.zewnxkzd head a wodified ca» shaft, and a compxesszon

ratio increase. - Bngxne vatzables such as valve timing and canp*esa1on

ratio do haeve an offect. on vehicle exhaust emxnsions and fuel ecomomy.

These unspecxfxed engine modifitations also.- make: couparisons of “before
.  and sftex’test data" ‘almost impusszb1e¢ However, please ask your-clxen:

to detail what engine. podifications weré: wade s0 as to help us. Lo, under-

srand their efforts. . .. : : e

3 . EIN L,

parisons of "before ‘and after’ teat. data difficult, B




filation axc‘pnt on.ﬂnxabilxty vehzclen to detcznzne the leié of
stiodii The best fit. 1ine for‘their extiaust emission’ da"

I vah1c1en~1s;tested avery. 5,000, nnles and: at each major: maxntananc
<5 point) is.calculated sad: tbe resolting multiplicative. deterioraticn
factora: :(DP): for BC, TO: and NMOx are. ‘determinéd, . Various, calibraczons
(- -in-the: aune-engine fanily are.then run. to 4,000: ‘miles. and tested
-g;dent;fxed ab f'data ‘wehicles." -The results of these tests.ax
multipliediby: the applicable DF -and: this’ product ‘must be’ bel
- ntanda:4p711atad :ip: Exhibit Bio: A further deseription: of ‘this. prog
: *'can'be-foundiin: Federsl Begister: 86.078~28. ~The:applicable:deteri

“ ‘ac:o:s (4K to SUK mileéfgfor :he 1978 Forﬂ ?1esta, 49-atate are:

t

‘copE. BOxDE

R e 1 oso

U81ag these DFs, the “before and- after“ ‘test’ data sUpplxed in the applzcatxon f
'coapares to. :hefemxas1onﬁntandarda 88~ fbllowa,-- e -u:~-

fgrcent of ;Hbdxfied x ?crctg: o
Standard. Hbdxfzed" ‘DF S:aadhtd'j*

uf'iéaal{ﬁeﬁﬁ‘fﬁﬁ}'b?*iﬁ” .

EC .58 1'-.1'10:;:f;.:-ﬁ_.v.»~...- 263, - o825 1,803

0 6.23 . (9.108.-. 60.IX . 7,926 11.5878 - 77-25;
"NOx 1.52 ' 1 611 33, 80. 6! 1 576:: 7 1e 67“** o 83.5 i

This analysxe uaxug DF shows that: the mndxfxed version'mxgh* no: .
- have passed -the EC atandard for. 1978 light—duty vehicles.: Becauee 4
‘the test mileage was 8bove 4000 miles and 1nsuf£;cient data was .’ T
preseated to. establish a deterioration factor for ths modified - .. ""
vehicle, the analysis app11ed the. productioa DF fo the. test data as’.
_ - presented, . The point here is that the data does{gg&_zndxcate thag \;
"+ tha vehicle. passed the emisesion standexds as' indicated im- Attachment D,
" Further testlug isg requzred before such: a statement can be made. s

5; " The Ypefora mnd after teats were run at sxgnifxcaatly dxfferenc o
_ humidity:'settings.. While this parameter is not gpecified for proper
.. FIP testieg,: comparxaon testing with large. humzdity dxfferencea may. -

pake the comparxson diffzcult.

s

.
X

-
"




" Jower .cost. fuel. ExhibitvA of your applicatios: states. that Mthe::
e ot -heat will zesult in a smaller pressure. rise’ and: lowsr  th2rmal

" " provement:in power:of;up .to: 6% may be gained:by water injectior

"“.% ‘burstor -should slightly- enrichen the- fuel/air mixture as: there:will

o, omy.. -Because the’ Goodman” Engine System, Model 1800, appears . Lo

~6o.: . The ‘Teason why:water injection; by-itself, will impxev e fuel.econ—:
fo ong-iaé#ot:giplhingdkiifyou:;;pﬁlit"iiomfdnd;idFéqngflfi“t@f@@’iﬁdf
.+ the-literatuze mow. ‘published about water .infec tion.; It:is agreed:
};;g::ﬁdtiﬁatsr;iéjée;i#ﬁ?ﬁill*suppfiaaﬁdstqng;f'ff##iftherefoie;yill
" gllow:modificativas-to-the, engine vich.are normslly. presloded.
.Because: of, detonation. - These modifications, which may inélods.
- tﬁ:@@éhaxsi?iiqr?eﬁp#!¢har8iﬁs}Lbix§¢¥§°9¢-;éanioﬁéfatiﬁssii“ e

I apari timitg, different.valvé tising Botter inlet:aiz; hotter::

spark pluga;sleaner mixtures; or:use of lover octane: fuel, usually

' either -improve-fuel egonomy and/or parformance. or:permit the dee:of

&

' in'jected';ﬂu?;;l.'gbsorbs;_hea::'ia'tbé,Aconbuauonf‘;hkmbe:.?' .. This:Iower

. efficiency in:non-knocking engines. - Accordipg’ to:bert; an im

. - .used on, an g;r@iné ‘which: experienced. koock: p riof to.water injection

“'. - The-injection of water -into the. air inlet. upatream: of the car

“i.- . ba.less: oxygen in. the intake.air.. This will:cause lower fusl.efon-

" contradict: these theories, a more. complate explanation is nesded
describing why che pr‘q:ﬁar.‘g_’..nje';_tiog alone improves fuel - economy,

7 s ia sny: testing’, thera is soms test-roSrest.variability dus.to
- : both the: vebicla andtbe test squipment.” - Because: OL: the: +5 to -10%

variation id results of cold start. FTP teaticg; duplicate or:.tri=

plicate tests are usuelly ruo. The tests xun on: your vehicle: were’
sivgle tests with a 6 1/2 month interval between tests. . Based on. -
thesz two tests, the coafidence with which a 7% increase in fuel:

economy ¢an be claimed is Very low..

8, - The type of;.,?aa:i-.-fre&ze to be added to the:'wéder}'f&r o;»er';:io,ﬁ" iA. _
coid smbiea? conditions was not specified.. Please ask your-.clieat®:

to desexibe the. type and recommended macufacturer. of this apti~' -

fresse. . . T S

9.. - The amount of watex injected by the Goodman Systems Hodel 1800 de= ™
vice was not spacified. Please ask your client to provide ws. with:i. .

- the pound water/pound fuel ratio. e T T T

10. Becausa of the. above mentioned problem areas with the device des=. .
" ecription and your FIX fest results, it is proposed that the Goodman: . -
Bystems Model. 1800 device be installed on aa EPA-supplied teat vehicle
and tested ht the EPA Motor Vehicle Ewissions Laboratory iu Apn Ardor,
Michigan. This will allow the EPA to:expeditiously eveluats. youx; SEA
device. The following test schedule.is proposed. Please agk. youx. :.
- client to comment on. the testing scensrio. . I1Z it ie acceptable,.please
ask him to contact Mr. Butchins of my staff to coordinate testing dates.
‘Bis telephione number is (313) 668-4340). ' B
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* Goodmn Syatem HodaL 1800 to. ba :.nstalled per
t:.on (Exhibzt B). "o oj:her nod:.fzcatmns trill be mdekz‘to_‘ the weh

ns of.,.-r.he dev:.ce gcco:ding to th:.a ncenauo_vouldr.

Co:nplete tesu
‘testing which: ctoul

" :equ:n:e about: m week- after completion: of baseline;

be pérfomed pPrigr. to your arrival if &o: desired.. “The: total: cost: of:

‘this. testing:would be. ebsorbed by: the EPA.- Because: of other. high: pno-f-
rity. projects;. advance "acheduling is- yequired. - Upon proper. resolution
. of the above: nentioned ‘problems . areas and. completion: of ‘the: testing;. 3!
'm hoped that & f:.nal i?a\ evaluanon can be- a.rnved at expedztzoualy.

Smoezely yonra,

. . . .-. 7 l}/'(.(/ (‘1( ’
Michael P. Waiah

.. Deputy. Assistant Ad..xmatrator "
for HoblIe Sou:ce -Aix Ponutzon Control

ce: Hitchell Sacka s ; -
R. D.‘ ?o’l'eb}n - IR R oL
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' Mr. Edward S. Knight, Escuire
.. Adkin, Gump, Hauer, and Feld
°. 1333 liew Hamsphire Avenue, N.W.

Suite 400

. Washington, D.C. 20036

.Dear Mr. Knight:

On September 21, 1979, the Environmental Protection Agency's

“testing of the Goodman System Model 100 fuel economy retrofit device

.--was completed. This testing was performed as part of the EPA
optional testing pursuant to your "Application for Evalustion of a
. Puel Economy Retrofit Device under Sectiom 511 of the Energy Policy
- and Conservation Act." '

Prior to initiation of the testing, a letter was sent to your

. office asking for clarification on several points presented in your
- application for evaluation. As of October 23, 1979, EPA has not

. -received any response to these requests. On October 11, 1979, your .
telephone conversation with Mr. Penninga of my staeff indicated that a *
" second “511 Application" would soon be presented to EPA,

The EPA needs to complete the evaluation of the Goodman Systems
Model 1800 as expeditiously as possible. If it is your desire to
have your response to the September 21, 1979 letter considered in

_ the published evaluation, please forward your response to this office
before October 30, 1979. )

Sincerely yours,

sy SN0

Michael 2. Walsh
Deputy Assistant Administrator
for Mobile Source Air Pollution Control

ANR-455:GKITTREDGE: EVI : WSMW: 737 : X50596:10~23~79

s 2
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GAS SAVING DEVICES

West Virginia Office:
€ Berryville Pike

. Summit Poing, W,

()

\N\- X

Movember 6, 1979

Mr. Michael P. Walsh

Deputy Assistant Administrator

U.S. Envivonmental Pretection Agency
Washington, D.C. 20460

De

ear Mr., Walsh:

This is in regard to vour letter of September 11,

answers to the questions you posed in the
Mr. Ed Knight.

I. We as the inventors did not chocse
under the
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the second
short.
mind substituting
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though it
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the fuels used for the tests.
impression that the first fuvel used was Indolene Clear as

we have no way of knowing what fuel was used.

set of Ariss forged unit

naad approiimately
soveral camshafts were tried; both

s0ld to a customer of the shop.
oririnal camshaft was very nearly ideal for
acenment
availan
instolled.,

New York Office:
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1979. The following are
aforementioned letter to

We were
we were not present for the first

At the time of
supply of Indolene Clear was very

In view of the anticipated mileage we were asked if we would
such as Super 3hell.
was increased fuel etOﬂony on
'2'{0/\ «~
kegearch Conter (TRE).
somowhat nore

We agrced, since
any grade of fuel.
ies for the "onm the rcad" test
Vhen fuel was needed, it was
true te life situatiun
even

Ann Arber. In addition,

was being poured from a barrel labeled

S

actually in the barrel.
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A. The valve action is so nearly the same as the original that the
difference is undeiectable. The' major difference is in the width
of ¢the lobes, since the Pinto’and Capri coushafts somnctimes wore
prematurcly and the Fiesta lobes were made somewhat wider to give
more beavring area. The amount of vacuum advance was increased
slightly and the mechanical advance was reduced slightly, as is
normal when increasing the compression ratio. As we will discuss
later, the effect of the water is such that the timing may be ad-
justed to more optimum conditions of performance and emissions
than is the usual case. Also, due to the cooling effect of the
water, the EGR valve is no longer required to suppress the formation
of KO, co it was disconnected. The carburetor jetting remeained
the sanme.

Consider als¢ that the "60 Minutes'" transeript was the result of
many hours of filming, and was not intended to be a technical
discussion, nor was it in any wasy edited by the inventors.

ITI. Any projecction as to the future emission levels is just that, a pro-
jection and rothing more. However, in our defeuse:

A. The only area of real concern is HC, which is the easiest to
climinate by carburetor and/or timing adjustment and is easily checked
by equipment that is available at the average dealership. Also,
the report by TRC mentions that the engine was over heating during
tlhie acceleration runs. What they did not mention is the cngine
was ruit at full throttle until it became so hot the staster would
not cranl the meror until it wag ceoled, After the cmissious test
and the accelevation vuns, but prior to the "on the track' mileage
tests, thic pistons were repliocec with another set with new rings.
The cylinder block was not relorved, nor were any valves replaced.
Sirce thar time the car has been driven about 25,000 miles and
oLl consvenigion hao been 2o low as to not renuire the addition of
any 0il hetween changes which ove done at sl“ut 5,000 miles. During

T o e v e . . ~dnd K NS ERT -
ithis im., has beor usoed BOT CX ' n¢’1 speed trins
R A T v e in cxt seonion:
T S Y S ST S L SRR AU IN ceeloraiicm

FOU LU Sew

runs aud concros by troentient cay is normatin
subjecicd to cspecinlly in relewion co the FiP for accumulation cf
50,000 milcs. 'The spark plugs, a standard bosch part, were
cheneced at approsinately 24 OUO miles and the valves have been
adjusted once. Iucept for Llnngiﬂ the oil and water filters as
vell as ciemming the water Injection nowzle at about 20,000 miles,
there had beon ne other maintenance at all indicating at least a
non-complicated 1ife. So, since hydrocarbons are a results of
cencrally cither unburned goasoline due to 2 Joss of engine 'tune'
cr as a recsult of eongine wear causing oxcessive oil consuaption,
we feel confident that the long term HC emissicens will not be a
problem, c¢specially in view of Dr. Engleman's statement that “if
anything, the life of components ewnosed to combustion should be
longer due to the cooler running”. In my pecsonal experience

in the avtomelive vebuilding world, it scems that one of the first
paris of the ewmicsion contvel system ro fail is the FCER valve,
usually in the closcd position which results in improved performance
ond mileawse Yor ihe consumey, so as a resull, it 1§ alinost never
rcp41xn&. STill, we must agroe, Turther tesring sheuld be done,
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A. -since the TRC tests were the firs: time the car had been tested,
so unless we are willing to assume that the optimum settings were
found on the first atLempt, thése results should be 1mproved with

“further refinement. - - = - R - : »

It is our understanding that acceptable correction factors were included
in the TRC data to correct for such things as the temperature, humidity,
barometric pressure, fuel temperature, etc., since these things are
constantly changing from day to day, we must assume that the ‘control of
the weather is beyond even the legislative powers of Congress, or

they have becn missing a sure way to get re-clected.

Theve are some studies such as "Water 7uduction Studies In Spark
Tenizion Engines' done in Cctober 1974 by Moffitt & Lestz for the

DOD (DOD #AFRL-46-AD-A003332) that 1nd1cate that under some conditions
of lead with inferior fuel improvements of up to 20%Z have been found in
engines that were not audibly detonating. Unfortunately, most of the
studies done on water addition to gasoline engines have been done cutside
the bounds of emission controls, so that we have little irnformation

about the effects on emissions: In my talks with Professor Engleman,

Mr, Lestz and other it has become clear that the accurate control

and uniform atomlzatlon of the water is essential if the problem of
exccssive HC and CO is to be avoided. The reduvction of NOx is an
accepted fact, since the water helps to avoid the extremes of pressure
and temperature which produce NOx, yet because these extremes cf pressure
occur at or near TDC, they produce little or no useful power output.

The action of the water is that it passes through the carburetor and

rast the intake valve in the form of liqguid droplets of 2 unifovm size.
Thus, the dcnvity of the intoming charge 1s increcased ond the tempera-
ture is reduccd., Just alter ignition, the vater becomes steam cbsorbing
gcme 1100 calories per graw owd ot the same time it tries to expand

1768 times dta velume as a ligquid., Thus we havz abscorbed a tremendous
amount of heat just at the time that R0x is formed and transformed

that excess of hear dnto a pressure vwilceh is then maintained daring the
powery porticn of the streke., Iv follews that the astomization must be

Povm o cnsurve that 611 oviindors venelve eguzl awounts of water and the
TN < A ".'U.:." to envuee thaer 17 v Ly Lurns o o
L N e v o P, P t iy Loy proceas. R
aNCLTe D mug— 11 Gy oLne waler da ocrstaast thore is toz much

watcer, the losses dncuvred from the caciting moue than oflsat the goin
ansien of the steam, vesulting in a loss of power and a

rise in HC s €O 17 thoere i too little water, the pezli pressures
can chowc s0 high as te cause detenation and resultant engine damage

as well formacion of Rix,

oy -.

'I‘

As for Mr. Obort:

It is bard te claim any specific dmprovement in fuel economy in an
engine that is detonating, since even a =mall amount of dctonation can
cause complote engine failure iv o very short time, which results in

no power duc tov a lack of an engine., Tt must be remembercd that if we
are not congerning ourrelves with emissions, eongine efficiency is

alimost a diveet function of the anovunt of NOx, since it is produced in
proportion to the pean tecpevature and pressures in the combusticn
chawber. 1§ am not faniliar wich Yir. Obert's vork, but I believe that he
wvas not werking within the constraints of any emission levels.
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VI. The injection of water in liquid, for the amount that we are using
(i.e.: 2 to 10% of the gas by volume) rdoes not appreciably reduce the
quantity of air. Anyway, maximum power is' produced from most. engines
when the fuel/air ratio is near bt01chlometr1c, and most engines today
run just slightly leaner than the optimum for maximum power in order
to reduce the amount of HC.

Basically, we believe that the use of a properlv calibrated and
atomized water injection system frees the engine designer from the more
normal ways of reducing emission, i.e.: retarded spark timing, low and
inefficient compression ratios and the recycling of exhaust gases,

all of which severely restrict engine efficiency. One only need

look at the current state of the art production engines, large
struggling masses of iron producing tremendous amounts of waste heat,
producing approximately one-half the horsepower per cubic inch that our
engine is producing, their sheer mass necessitating ever larger
ancilliaries such as tires, radiators, brakes, ctc., which.in turn

need ever larger engines. As noted in the CBS transcript, we do not
claim that this should be the end of the research, only a gecod start for
what we have had to start with. '

VII. Two things. One, we had some trcouble with the choke turning itself back
in the urban cycle, since it was run at just above freezing on a very
damp night, a condition that we had never encountered in our day to
day driving. The conditions were such that the engine was producing so
little heat that the combination of the additional cooling of the water
droplets on the choke plate overcame the electric choke heating coil which
is only 5 watts. A simple azdjustment to the intake preheat air box has
since cured the trouble, otherwisz the suburban cycle should have shown
a gain somewvhere between the 157 and tlhie 7.2% shown for the urbzn and

highway cycles respectively., As for the sccuracy of the indicated gain,
it was the result of tC“Llnou per SAE Fuel Economy Measurement Road Test
Procedure - SAE J1082z2 which iz cutlined in the TRC vaorh. Note that the
test requires that two consecutive runs be mide within 2% fuel econcmy
and time. (Hete: This test was done by neasuving the gos in the way

vy it. IE din the Idadid Form, nnt by v ocarbon melreules dn

thourh the
Dy Lho carios bals e gain, som

onn the order of 1J£ - from 30, 17 :g to 34.0) mpg.)

O Y
a0 01

Yor whatever it is worth, in day to day dviving foir 5,000 miles before
the engine was modi{ied, the cumulative average was just over 33 mpg.
Since the modificaticns, the mileape under the same conditions with the
same general routes aud drivers has averaged about 43 mpg. In the
Popular Science test, Ray Hill reports a 41 mpg average, including
several acceleration rune and crossing the mountains in and out of the
Shandoah Vallev tvice with three people and luggage. (Novewber, 1979
issue) Mother Earth News tester David Schoonmaker reported 51 mpg under
somevhat less brutal driving with only two passengears.
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We used any available source of methanol such as "Solox'" shellac thinner
in a concentration sufficient to prevent freezing. In the event that
the system is accidentally allowed to freeze, no permanent damage is
done to the system. Generally, just allowing the car to sit for-a few

‘minutes with the engine running will thaw the system. Incideatally,

although the-addition~of alcehcl is suppose to be beneficial by both
lowering the temperature and raising the octane rating, we have found

no proveable differences. The type of alcohol is not ecritical either;
the system has been run on Gin, and while the car may in fact be happier,
it in no way demonstrates this by performing better.

The amount of water used by our system is dependent upon the temperature,
load and speed of the engine. No water is used under periods of decelera-
tion, idling, or during warm up. In general highway cruise, the rate

is about 5% of the gasolinc use by volume and under periods of heavy

load or acceleration the rate automatically increases to about 10%Z. 1In
our average driving, the water consumption is about 5% of the fuel
consumption. The exact amount, IE, whether it is 5 or 6% at a given

time does not seem to be as important as the quality of atomization

and cylinder to cylinder distribution.

Respectively submitted,

Toronta P. Goodman

Typed By:

b ) ( ./I’!'), /"/ " e, e ~
P i R e R e

Leanice M. Smith
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Attachment K
Page 1 of 3

e s e THE OHIO-STATE UNIVERSITY.
August 22, 1979

Mr. T. P. Goodman
Goodman Engine, Inc.
685 N. Loudoun Street
Winchester, Va. 22601

Dear Pat:

You had asked thet I put in writing the rezsons for.
my enthusiasm for the modifications you made to improve
fuel wileege of the Ford Fiesta shown on "60 Minutes."
Please fcel free to show this explanavion to anyone who
nay bpe interested. ' '

I am enclosing scre peges from a report cn which I
was co-cuthor in 194%, still in some libraries as NACA
Viartime Report No. E-20, and a page which is part of the
supplementary notes I hané out in my courcse here zt the ‘
Ohio State University, lMechaniczl Engineering 63%G, Inter- -
nal Combustion Engines, and have been using since 1973. '

I would describe your system as the addition cf a
fully medulating water 1“3eCT ion syct.“ which incorpcrates
an atemizing air pump, end otherwise no addit ion-_ rar<s

except that some enginec might be improved by cubctitute
parts to fully exploit the wavter injeciicn. By this =
mean ‘the parts substitutions incorwporated in the Fiesta

The greet venefit oi water iinCblO is ites function
ag an intern2l ccolant, which has two extremely impoeriant
oincoTa

Ty Zasweaness Ahe Tuel COTANDE vacuiramont.

¢} It wedvess the cov Cuide amiscleons,

The cooling effe2ct of the water is shown in ¥igure
11 of *the LACA Report. The mecan effective gas temperatare
is used in heat transfer calculations to predict engine
temperaturcs at zltitude, etc. The drop in mezn effective
temperat~re is primarily the result of lower temperature
at the end of combhustion; the effect during the compres-
‘sion stroke is rather tTrivial. It is the cooling during

and aftcer combustion which provides both the anti-knock

effect and the reduced Xitrogen Oxide emission.
The actual tenefit in a

‘ specific cngine-vehicle com-
bination will depend on & numbe

of details: Compression
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Mr. T. P. Goodman August 22, 1979

ratio, cam profiles, carburetion, transmission, and the
torque converter (if any) match. Without any changes at
all except the addition of the water injection system, it
is doubtful that much mileagt change would be noted, but
I must-2dé-here that  the, R-2600“engine covered in the NACA-
Report improved about 2 per cent with fine water spray at
the intake ports, and lost as much as 7 per cent with the
water eﬂterlng the supercharger inlet from a 3/8-inch tube.

Ba ed on thws experience, I consider the fine atom-
ization of your system essent191 There may be some bene-
fit to mileage if the mist is vaporized by a manifold hot-

spot, but that po 10111ty is one I would llkn to test one
day.

One group or category of engines which can benefit
greatly from water injection is the older high-compression
high-performance type which has to be run with retarded
ignition timing on the fuels availabdle today. Originally
designed and duilt for 100 ROW premium gasoline, these

are rumning with retardedtiming and resulting poor milezge.
With water injection, the timing could be restored to op-
timum with substantial improvement. In adédition, the NOX
emissions would drop substantially. : ",

Another category in which substantial improvement is
possible is in engines having an acceleration-retard in
the vacuum advance circuit. The water injection system as
a2 substitute for the acceleration retard would te mexre ef-
fective in reducing tnc HOY emission (purpecse of the accel-
retard) ant would improve totih @il e anc¢ acceleration.
Accelerztion and -fvll-load fuel-zi atio on such engines
could be set lepﬂer, reducing the carbon monoxide and un-
burnea nyvdrocerbvon emissione az well as

h
i
i

anecther

et APl ehy R n LT -

LANCE T ANCeessing v RSN Louie, wiic Al
raised the inel octane “CG”’f“J:Ti. The water injeciion

makes it peossible to run on regular gasoiine, and the NOX
i5 decreased from its earlier 1cwel, Y :

It is conceivable to me thet we may be forced to con-
sider increasing the vield of gasoline from crude by going
to a lower octane product. Today's cars could run on, say,
70 octane with water injection.

In my opinion, the fine mocdulation of the amount of
water injected is a rather impertant feature of your system.
For bvest eflficiency, it is desirable to keep combustion
temperzture from bécoming too low. If there is.too much
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quenching (due to cocling) combustion is slow and less
work is done on the piston, and in the exireme, misfires
may result, giving Dpoorer mileage in either case, and 2a
large increase in hydrocarbon emission in the case of the
misfire. It -is a-fact that the residual gas in .the cyl-.
inder as the exhaust valve closes provides a sort of auto-
matic exhaust gas recirculation. This residual gas is
inert, having been dburned, and reduces the flame tempera-
ture. It is 2 large fraction of the durning charge at
part throttle, and so provides considerable cooling effect.
At full throttle, it is a much smaller fraction oi the
charge, provides far less cooling, and as a result it is
at full throttle that most of the NOX emissions are gen-
erated. For this reason, the water injection rate should
be highest for zny given engine rpm at wide open throttle
and should TAPER OFF to zero water flow at some part-throttle
value of manifold wvacuum or other paramete Yours is

the only sysvem I am awzre of which 1ncorporaues this
full modula ulon.

I believe it is important that everyone who may be
concerned realizes that any water injection system will
reduce the nitrogen oxide emissions. It is in other areas
that the differences between various systems become impor-
tant. I regard the full modulation of the water flow rateé’
wvhich you haveée incorporated, and the atomization you are
using, as important feutures. From my own experierice in
engine testing with water injection, I know these meke a
Gifferenice in how an engine runs.

I trust that the foregoing is a satisfaclory explana-
tion oi what your sye tem does To provide the results we
have seen. If it is not, I would be happy to expound. I
hasten to &dd that an engine is t¢L1mov"“"m1c;ylv even
wores comTli wn it is ally, and such ex o~
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