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

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

(HFET) was note&.

The Columbia Bandcasting Systenm (CBS) data generated at the Transporation
Research Cente% cannot be used to evaluaﬁe the Goodman Engine System Model
1800 device beﬁause too many extraneous variables such as altered timing,
higher compress&on ratio, different camshaft, different test fuels, and 13,000
miles between tbe "before and after" tésts were introduced to make comparative
analysisipossiﬁle. The Environmental Protection Agency data was run on a
suitable test vkhicle with available unleaded fuel. The Goodman Engine System
Model 1800 device was judged by.the inventor to be operating properly during
the EPA testiné. The EPA data does not substantiate the claims made about the
device. . ;

The Goodman Enéine System Model 1800 device appears to operate safely and does
not appear to ?ause emission of any non-regulated emissions. It is suggested
that future iqstallation instructions specify the type of antifreeze to be

used in the de&ice. Several antifreeze compounds such as ethylene-glycol are

i
H

known to cause|engine damage.

The reduction ﬁn NOx on the HFET cycle does suggest some promise for a better

developed wate% injection system. However, no significant improvement in fuel

economy was noted.
!
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! Assistant Administrator
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EPA Evaluation of "Goodman Engine System, Model 1800"

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

The following is a summar& of the information on the device as supplied by the
applicant and the resulting EPA analysis and conclusions.

1.

2.

Marketing Identification of the Device: Goodman Engine System, Model
1800 ’ '

Inventor of the Device and Patents: The inventor of the device is
Toronta P, Goodman, P.0. Box 4, Summitt Point, West Virginia 25446.
While no ?atent number has yet been granted an application for a patent,
Serial No. 64373, has been made.

Manufactuﬂer of the Device:
1

Goodman System Corporation
P.0. Box ﬂ
Summitt Pdint, West Virginia 25446

Manufactufing'Organizations Principals:

Mitchell Hachs

Toronta P, Goodman
Fritz Bell '
H. Crosby |Foster, II

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

5.

Marketing Orgénization in U.S5. Making Application:

Akin, Gumé, Haver & Feld*
Suite 400}

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

i

|
Identitv ¢f Applicant:
i

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

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

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




10.

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

|

"An injedtion 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 io both the engine speed and the exhaust gas pressure. The
injected |fluid advantageously functions as a cooling agent to suppress
detonatiob and provide smoother engine operation and greater fuel effi-
ciency."

Claimed Abplicability of the Device:
\

"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 itype. The only specific vehicle requirements are (1) the exis-
tence of |the smog pump and (2) the physical availability of a suitable
place to locate the device's nozzle downstream of the air filter."

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

See Attac

Device Ma

hment A.

intenance (claimed):

"Proper maintenance of the Goodman Engine Systenm,
require gpecial skills or tools.

Model 1800 does not
The only maintenance is as follows:

a. Refill water tank: The water level should be checked and water
added if necessary at regular intervals, such as when the operator
put(js) 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

oper|
diat
a l:

ator would mix antifreeze with the water in the vehicle's ra-
or, it is recommended that a mixture of water and antifreeze, at
1 ratio, be utilized in the water tank in lieu of water alone."




11.
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13.

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

"As more fully set forth and documented by the information referred to in
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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 tﬁe vehicle or its occupants, or person or property in close
proximity' to the vehicle. The following are three scenarios encompassing
the totalhty of possible device malfunctionms.

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
likel constant, without the device, 1In 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
difflerence, of course, 1is that the water will be spilt onto the
ground and subsequently will evaporate.

o

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-
gred." '

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

a. Tradscript 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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Professor of Engineering at Ohio State

Engleman,

Lettér from Dr.

C.

and two with the Goodman Engine System Model 1800 in-

data is given in Attachment B.

Coples of the original data sheets

i
|

ntrol of Nitrogen Oxides - Theory and Experiment."
Contract .

"Water

entitled

Report
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| Paper by C.
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in 1948 entitled

Hartesveldt - ted

H.

SAE

e.

Copyright 1973 entitled "Internal Combustion Engines

A second letter

Combustion Engines."

Edward Obert,

ge

i.

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

device and supplied test data (see Attachment G).

The answer was supplied by the inventor on 11-6-79

Attachment H).
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k.

1.

1978fFord Fiesta Deterioration Data (see Attachment E).
|

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

Analzsis:j

a.

Description of the device: The description given in the application

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
Systém, Model 1800.

vari;d slightly from the device supplied by Goodman Systems

Applicability of the device: The applicability requirements stated

in the application appear to be correct.
i
Devi¢e Installation: The installation is straightforward and does

not kequire any special skills or tools. The installation instruc-
tions supplied in the application adequately enable an average
'%ack—yard" mechanic to install the device in less than an hour.

Devi&e 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

devicte - some statement that the types of antifreeze involved are
different needs to be included.

AEffekts on Vehicle Emissions (non-regulated): The device, installed

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

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

of fbe device appear to be correct.

Testhesults 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:



a)
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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 in 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 1in 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.



c)

d)

e)
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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 1t 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 vresults difficult especially for NOx.

No duplicate FTP testing 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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h)
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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 - -346 * .018 * (In (x miles))

This equation predicts a 1.64% 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 (+) signs.

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
62.47% 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 vear 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 vehicles 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 wvehicles"). 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 80.67% 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

N
1)
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The MVEL Test Data: he 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 eaqual to 5%

~nE &t Eeanl -~ s A T~ *- s X
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 in 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 cvcle does suggest some promise for a
better developed water injection system. However, no significant
improvement in fuel economy was noted.
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| Installation Instructions
. for the
<::) . GOODMAN ENGINE SYSTEM

MODEL 1800
1. Locate the“air-injectibn pump (Fig. 1, No. 20). Identify
intake hose (Fig. 1; No. 32) and output hose (Fig.1l, No:'26).
Thé intake hose will either ha;e its own air cleaner or will
share one with the engine air clezner (Fig.l, No. 36). . The 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 vehicles is built directly intoc the
air-injection pump and the distribution manifold is part of the
éylinder head, the basic layout and opération is identical.
\“j ‘Tap into the air pressure line (Fig. 1, No. 26) between 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) ané insert it into

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

3. Remoﬁe the top of the engine air cleaner (Fig.l, No. 36): 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) SINGLEjBARREL CARBURETOR :
Position the fluid injection nozzle at the lower
side of the chock plate, as close to the center
as‘possib;e.

(2) TWO-BARREL, SINGLE CARBURETOR:

With both barrels open at the same time, position



—~
N
" (3)
(4)
(3)
- (6)
(7)

[ESONIY “_.__A.‘_...18 — - - : - . e b vt pe wme e o in e e s

2 of 4

the fluid injection nozzle at the center of
the two barrels on the lower side of the choke
plate. (This configuration is generally found
on American made~6:¢ylinder and V-8 engines,)

fWD-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 Capri,
Fiat, Fiesta and Pinto). »

FOUR-BARREL,

- Position

SINGLE CARBURETOR

the fluid injection nozzle at the

center of the primary side.

TWO OR MORE CARBURETORS, SINGLE BARREL EACH

Unless all carburetors are fed from a common air -

box that

lends itself to an abppropriate 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 injection nozzle at the center of each
carburetor. : .

TWO OR MORE CARBURETORS WITHE TWO OR MORE BARRELS

Same installation as specified in (5), with £luid
injection nozzle positioned over the primary side
unless all barrels open at the same time. If this

is so, a
utilized

separate fluid injection nozzle must be
for each barrel.

FUEL INJECTION WITH ONE THROTTLE PLATE

Position

the fluid injection nozzle at the center

of the throttle plate, on the atmospheric side.

FUEL INJECTION WITH MULTIPLE THROTTLE PLATES

“Same installation as (5).

4. After determining the appropriate fluid nozzle application

by following the procedures indicated in STEP 3, remove the

e it o

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

TR =
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top of the engine air cleaner. Drill a 3/4 inch hole in the top
TN '

! the engine air cleaner in the appropriate position for the

fluid injection nozzle as dete:miﬁed by the procedures in STEP 3.

-
-

5. 1Insert fluid injection nozzle into the hole drilled in the
top of the engine air cleaner. Chgck for proper placement of

fluid injection nozzle as specifiea in STEP 3. If the holeﬂhas
been misplaced,‘a patch-kit will be supplied and a new hole can

be drilled. Press retaining washer.

6. Install fluid storage container in eﬁgine compartment usiné
brackéts provided. The £fluid sforage container may be placed
anywhere in the engine compartment so'long as the top of the

" wntainer is at least three inches below the fluid injection

" nozzle, but not lower than eighteen inches.

7. Connect Bose No. 40 (Fig. 1) to the bottom fitting of the
fluid storage container. Place the non-spring 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. In 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 aﬁplication. Make
TN

2 that nopge of the hoses are crimped or interfere with any of the

;\‘/‘ R AT ‘ . . .-'-' .
- engine's moving parts. If fluid. injection nozzle: does not fit

snugly, seai'with a small bead of*ﬁonventionél siiicone sealantf

4 .
1) -

10. Fill fluid storage container with water. If outside temperatures

will £all 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
FTPA Tact+ine Crimma vy
ik L3 iAo L-LL]B uuuu.ua.s]
I. Federal Test Procedure
A. Baseline Data
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 4,17 1.34 26.23
Std. Dev. .006 .49 .052 0.057
s /@ 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 4.6 1.31 26.55
Percent (+)5.61% (+)10.31% (=)2.24% (+)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

Jarcent (=)4.697% (=)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 Engiﬁe System Model 1800 Instailed and Operating
9-18-79 .06 .2 1.86 38.5
9-19-79 .06 .2 2.00 39.0
Average .06 .2, 1.93 38.75
Percent 0.0% (-)13.0% (=)5.1467% (+).73%
Change

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

.2
(+)13.0%*

0.0%

2.23
2.29

2.26
(+)4.0%

(+)17.1%

38.8
39.0

38.9
(+)1.12%

(+)0.387%

* Extremely low numbers make comparative analysis questionable.
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Q, @ ovnO SITE:D207 TEST # 79-9897 1 1979 LIGRT DUTY VEMICLE ANALYSES | PROCESSEDS 15130301 SEP 13, 1979 9 |
@
MF . ALT, EUUIVALENT  ACTUAL OVER=  /oce=cncec TES] TYPE ~~ceccee/ ]
MyFR, VER- REP, RUN. RETEST HeP. TEST NYNO TRANS.  DRIVE EXPERIMENTAL C
‘@ODE VEHICLE 1.0, SION EVAP INIT. CHG. CODE ACHP METH. WETGHT Heto CONF O, cout fommmmn TEST PROCEDUHE ~eweeey »
30 GCFBWE34449 0 2000 7.3 . CVS 7S=LATER L
® ORIVE MEASURED L4
CURB AXLE AXLE /=== IGNITION TIMING =</ [=coms= % CO ~mw=me /  I0LE SOAK COASTDOWN
PREP DATE WEIGHT WEIGHT  GAUGE MEASUNE  dl w2 RPM  GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD T14E
o EAPTY ® .
/- AMBIENT TEST CONDITIONS - /7
® BARO  wET DAY cvs ®
#HG suLe BULH UNITS  UNIT :
28,99  63.7 7.6 F 27¢C
® ®
ACTUAL A
DYNO  INERTIA INUICATED  DVU TIRE NOX REVLATIVE I8
@ TEST DATE HR. SITE  SETTING OUYNU H.P.  H.P. ODOM, PRESSURE FACTOR HUMIDITY ALUEHYDES L
9-13-79 10 D207 2000 5.3 2239.0 45,00  l.0127 65,2 !
¥
@® BAG 1 13.602 MILES 5.79/ KM  8399. RULL WFVS. VMIX= 2797.0 CUFT. DILUTION FACTUR = 15,208 L
SITE wWAZIS EXHAUST SAMPLE BACKGROQUND SAMPLE COPHFLIFD MASS FMISSIONS AUX, AUX, AUX, "
RANGE METER CUNC,. RANGE METEN CONC.o COMCENTHATIONS GMS, LMS/M] GMS/KM FIELD] FIELD2 COLE t
® HC-F ID 15 48,0 72.13 15 PN 347 6HLSL PPY 3.13 0,06y 0.540 L
NOX=CHEM 16 57.1 58,26 e Ul vell SHe 16 PPM "eY2 Zeall 1.539 MPG KPL  L/100KM ! N
co2 23 35.3 V.36 23 2.0 D062 0,797 % J1%4.96 320,901 199,150 26,2 11.14 9.0 !
OQ co 18 76,1 379.71 18 0.0 0.0 379,11 Py 35401 9.720 64040 (‘*0
AG 2 3.90S MILES 6,246 KM F10+. HOLL RFVS,. VMIX=2 474 3,0 CULFT, OILUTION FACTOR = 22,137. N {
® SITE #A215 EXHAUST SaMPLE HACRGRUUND SAMPLE CORRECTFU MASS EMISSTONS AUX, AUK.  AUX, e
RANGE METER CUNC. RANGE METER CONC,  CONCENTHATIONS GMS. GMS/M] GMS/AM FIELD) FIELD2 COOE %
HC-F1D 14 14,3 1u.5% 14 4.9 360 Tell PPu 0e5% Nelai 0.U8R |
® NOX-CHEM 14 Iv.es 19,00 la 0.3 0.0R Ye9 i PPM 2.58 0.661 04611 MPG KPL  L/10OKM (]
co2 23 26,0 0.595 23 tow Uty (FCTY AR 1307,74 350,286 ° 217,056 26.9  10.S7 9,5 ’
° co 17 39.3 96,34 17 0.0 0.0 96,34 PPM 15.06 3,858 24397 0
BAG 3 3,581 MILES S.763 KM 8369, ROLL REVS. VMIX= 276440 CUFT.  DILUTION FACTOR = 17.171
SITE 4A21S EXHAUST SaMPLE HSACKGROUND SAMPLE CURRECTED MASS EMISSIONS AUX, AUX.  AUX,
[ ] RANGE METER CUNC., RANGE METER CONC, CONCENTRATIONS GMS. GMS/M] GMS/RM FIFLDI FIELD2 CODE ;]
HC=FI0 16 22.4 16.87 I 4.9 3.60 13,44 PPM 0.61 0.170 0.106 .
NOX=CHEM 15 79.3 39.72 15 0.2 0.10 39.61 PPM 6.01 1,674 late2 T OMPG KPL  L/100RM !
® co2 23 32.9 0,772 23 1.9 0,040 0e735 % 1051.89 293,755 182,531 .- - 29.9 12.70 7.9 o
co 17 27.1 66,09 i7 0.0 0.0 66,09 PPm 6,02 1,642 N T3 : °
® WEIGHTED VALUES _hHC co co2 NOX MPG KPL LZ100KM ®
. GRAMS/MILE 0,30 4.5 3ev. 1,31 WEIGHTED VALUES 26,3 11.2 4.9
BEFORE ROUNDING 0.2990 4,674 328,72 1.3130 2643131 11.2113 4.9195
® GRAMS /KM 0.186 2.78 204, 0,82 72=14 FIP 25.5 10.8 9.2 ®
BEFORE ROUNDING 0.16582 2.7802 209,26 0.K164 25,4924 10,8381 9.2266 :
UHWE IGHTED FTP  26.8 11.4 8.8
] 26,7610 11,3775 8.7892 o'
COMMENTS? FIESTA TESTING OF GOUDMAN MODEL 100 DEVICE ( ,o
QA/ SPECIAL SHIFT SPFEDS OF 10-20-40 = }
® v |
o
O 0!

~110 0

YNNG SITEROPI Y

TESt & 79-9R%27 ¢

LR Rttt b gt W IS S TR IR A iy P SRS W VTR we
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i la) PYNO SITEID207 TEST 0 J1y=yny 3 } 1979 LIGHV DUTY VEHICLE ANALYSIS [} PROCESSED! 15107158 SEP L1y 1979 0 {
! o MEW . ALY, ENUIVALENT  ACTUAL OVER=  f=wceecw=e TEST TYPE ccoeee=e/ ® |
~—~MFR, VEH- WEP. KUNe RETEST HeP, TEST DYNO TRANS, DRIVE EXPERIMENTAL
¢ TODE  VEHICLE I.0. SIUN EVAP [nNiT. ChG., CODE ACHP  METH. WEIGHT HeP, CONFG.  CODE /=====x TEST PROCEDURE =====e/ (J,
© 730 GCFHWEJ4469 0 2000 7.3 CVS 75-LATER Y o
§
- URIVE MEASURED ™
4 @ TCuRY Axit AXLE /=== IONITION TIMING =v=/ /[em==ec==s § (0 ==ceee/’ IOLE SOAK COASTOOWN
PREP DATE WEIGHT WEIGHT GAUGE MEASURE #1 [ X4 RPM GEAR LEFTY RIGHT COMB RPM GEAR PERIOD TIME 1
° EMPTY ° 4
i /= AMRIENT TEST CONNITIONS - / {
e BARO wETY bey cvs ®
- "HE BuLYH BULY UNITS  UN]T
M 29426 63.0 71.0 F e E
i. ° aCTUAL i
DYHNO INERTIA  INGICATED ovuy TIRE NOX RELATIVE i
] @ TEST DAYE He. SITE  SETIING urn0 H.P.  H,P. 0DOM. PRESSURE FACTOR HUMIDITY SLDEHYOES P
T 9=-11-79 10 D207 2000 5.3 2i57.6 45,00 09974 b4et
a HBAG 1 1.585 MILES S5.770 kM  bi35y. ROLL HFVS. VMIX= 28564.0 CU.FT. DILUTION FACTOR = 15,418 al
¥ SITE »A21s EXHAUST SAMPLE HACKGHOUND SAMIPLE CORRECTED MASS EMISSIONS | AUX, AUX, AUX . ¢
RANGE  METER CUNC., RANGE METER CONC. CONCENTRATIONS GMS. GMS/M1 GMS /KM FIELD]) FIELD2 CODE
® HC=F D 15 49,6 Ta,.oa is b w4, i7 Ti.65 PPM 3.29 0518 04571 o
NOA-CHEM 16 56.9 5.0k 16 0.2 0.21 57.86 PPM R.92 2,488 1.5646 MPG KPL  L/100KM ‘
coe2 23 36.4 VeHed 23 2.2 0.046 0.779 & 1152.36 321.627 199,726 26,0 11.07 9.0
. co 18 78,9 39b. 18 1A 0ol D07 390,74 PPM 36.77 10,255 6,372
' :inu € J.BZ21 MILFS HelS0 »M  hSjloe BOLL HFVS. VIAiR= 4TGHa0 ClUeFTe DILUTION FACTOR = 224459
- [+ “SITE #A215 EAHAUST SAampt BACKORUUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX . AUX o ®
i RANGE  METER CONC.  RANGE  METER CONC. CONCENTRATIONS GMS., GMS/M] GMS /KM FIELDL FIELD2 CODE .
! HC=F 1D e le.l 10.60 ls 5.1 3.75 6.H2 PPM 0,53 n.140 0.087 4 o
| P NOC=CHEM 14 6 Y 1leun la 0ed 0613 10495 PPM 2.84 0,743 D062 MPG XPL L/7100K™ o
* cee 3 257 Cobud 23 cel [ R 04545 % 1354.82 354,531 220,295 2446 10.46 26
co 17 et Y yh 14 u.2 0.n8 B4 .64 PPM 13.36 3.496 2.172
o a
-~ BAG 3 V.576 MILES S.755 M Hiid. RPOLL REVS. - VMIX= 2803.0 CU.FT,. DILUTION FACTOR = 17,347 =
SITE #A21S EXAHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX, AUX o AUX o ‘
a PaMGE  METER CUNC,  RANGE  #ETER CUNC. CONCENTRATIONS GMS GMS/M] GMS/RM FIELD] FIELD2 CODE &
‘ » HC=F 10 le  22.1 16,35  la 5.2 3one 12.75 PPM 0.58 0.163 .10l - .
HOX-CHEM 15 a6.2 43.13 15 0.2 0.10 43,03 PPM 6.52 1.822 1.132 MPG KPL  L/100KM
® co2 23 32.6 Uelbo 23 2.0 0.042 0,725 % 1052.32 294,266 182.849 29.8 12.67 T.9 ol
i co 17 27.)  66.54 17 0.1 0.26 66436 PPM 6.13 1.715 1.066
i ® wEIGHTED VALUES HC co co? NOX MPG KPL L/100KM ok
GRAMS/MILE 0.31 4.4 331. 1.40 WEIGHTEN VALUES 26.2 11,1 9.0 #
: BEFORE ROUNDING 0.30M3 Gabli 331.03 1.4035 2641675 111073 9.0030 "
Y GRAMS /KM 0.2 270 20h. 0.87 72-T4 FTP 2542 10.8 9.3 ® t
HEFORE HOUNDING 0.19157 calal3 205.69 0.8720 25.2929 10,7531 9,2996 d
UNWEIGHTED FTP  26.6 1.3 8.8 F
® 26,6095 11.3128 8.8394 ®
iouucmsx FIESTA TESTING UF GOUDMAN MOUEL 1H00 DEVICE -~ f
P SPECIAL SHIFT SPEEDS Of 10-20-40 ‘ &
] FALSE STAMT ON BAG | -
' @ : ®
A
6110 0 DYNO SITEsD207 TEST # 79-989)
/
/ .
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¢ DYNO SITE:D207 TEST » Ty=9ha I 1979 nlGHAAY FUEL ECONOMY ANALYSIS PROCESSED! JS5t11101 SEP L1y 1979 o
o A, ALT, EQUIVALENT ~ACTuAL oveR- fommmmmcae TEST TYPE eccacccays ot
MFR, Ver- HEP . HUlve RETEST HePo TEST NYNO TRANS,. DRIVE EXPERIMENTAL
c0DE  VEMICLE [.0D. STON EvAP TH1T. CHG. CUDE  ACHP  METH, WE 1GHT HoP, CONF G CODE /===a=e TEST PROCEDURE =eesea/ { 5,
T30 GCFUWEIGGGY [T} 2000 .Te3 HWFE X
® O/ [VE MEASURED ®
cuay AxLE AXLE /=== IGNITION TIMING ===/ [wecees % CO ==-===/ IOLE SOAK COASTDOWN
PREP NATE wEJGHT  WwEJOHT  GaUGF  MEASURE #] 42 'RPM  GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD TIME
® Flab 1y .
/= AMALIENT TEST COMAITIONS = ¢ .
8aRN wET uwy [SRVAN
° "HG BULH wuULY UnITS unlT o
29426 62.0 71.3 F e
e ACTuAL, .
DYMND INE=TIA  FHCLTHD Uvuy TIRE NOX RELATIVE
@ TEST NATE we, SITE SETTIAG  Dyno Hobe H.Pe ONOM, PRESSUWE FACTOR HUMIDITY Al DEHYDES ®
N Y-11=-79 11 heni 2000 543 2i69.0 45,00 0+9730 59.3 N
- BAG 1 10.19R MILFS 1h G113 KM 24770, ROLL HEVS. VMIX= 4132.0 CU.FT. DILUTION FACTOR = 11.71% -
hd SITE wazis EXHAUST SAMPL. HACKGROUND SAMPLE CURRECTED MASS EMISSIONS AUX o AUX. AUX e -
RANGE  METEH CUNC.  RANGE METER CONC. CONCENTRATJIONS GMS. GMS/M] GMS /KM FI1ELD1 FIELD2 CODE
) HC~F ID ié if.2 lcein ia 9. 3.h8 Yo 3o PPM 063 0.062 0.038 ®
MOX=CHEM 3 60,7 1074t 17 0.0 0.0 102.96 PPM 22403 - 2.199 1367 MPG KPL L/7100KkM
coe 23 ub.¢ boelat 23 240 0,047 1.102 % 2359.13 231,326 143.739 38.2 16.25 6.2
- cu 17 Yeu Z2ie70 i7 Vel 0.72 21.10 PPM 2.88 0,282 0.175
Y LWEIGHTED VALUES HC o Lo NOX MPG KpL L7100KM .
@ GRAMS/MILE 0,06 0.3 231, 2420 WEIGHTED VALUES 34,3 16.2 6.2 ®
BEFORE ROUMDING 0.0618 0,7n1 231.32 2.1992 . 34,2805 16,2233 641639
GRAMS /KM 0.038 neln la6, 1.37 72-76 FTP 38,2 163 6.1
° BEFORE NOUNDING 0.03840 Nel75% 143.73 1.3665 38,2481 16,2609 6.1496 ®
UNWETGHTED FTP 3R.2 15.2 6.1
38.2481 16,2609 6.1496
Y [
Y COMMENTS: FIESTA TESTING UF GOUDMAN MODEL 1A00 DEVICE bl
SPECIAL SHIFT SPLEUS UF 10-20-40
-] . ®
® ®
® @
® ®
e e
. ~
) (5
A 4 - 7
(] @
6110 0 DYNO TEST # 79-9894 ©
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v
. 1 oymo SITEz0207 TEST 2 19-90 4 ! 197y slGHaay FUEL £ CONOMY ANALYSIS | PROCESSED: 1215816] SEP 13, 1979 O
l o =D W - G W e D P W
. ®
| e ALT. EQUIVALEN]  ACTUAL OVER-  /eemeca=en TEST TYPE we=wemee/
PR, . VEM- PEP. mUd. RETEST HeP, TEST nDYNO TRANS, - DRIVE EXPERIMENTAL
; o AnE VEHICLE 1.0 Slue Ever 1.alT. ChGe COUNE  ACHP  METH. wEIGHT HePs CONF G, CODE fe===== TEST PROCEDURE ==e==«/ ..
b "7 30 GCFHaEdGaGYy v 2000 7.3 HWFE
“ -] el vt MEASURED L
CurA EALE NALE /=== LONITION TIMING ===/ [mee=-= § CO ==-<==/  JDLE SOAK COASTDOWN
P PHEPR DATE WETGHT  at FOHT (GAGGE | *EASURE «| #e #PH GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD TIME
1 ' Freday . F
| A
1 /= BMUTIENT TEST COMNITICUS = /
N TN WET ey Cve o
! e HULA BULH UNTTS gt y
29.17 62,5 me3 F o1
] ) : ®
I ACTUAL -
oYHo THEATLA [ 1CATHD nvu TIRE NOX RELATIVE ’
@ TEST NATE MW, SITE  SETILiG  Uyies HoPe  HoPe OD0“e  PRESSUNE FACTOR HUMIDITY ALDEHYDES @
9~12-79 11 hend cuou D 2210et 45,00 Qet9l 63,1 #
@ BAG 1 10.19] MILES 16a6ul FH 25/nt. WL Ve, VAl x= 4103.0 CUFTa  OILUTION FACTOR = 11,723 o
S1TE #A215 EABAST GAsI FaCrOl 0Oty SANPLE  CURKECTED MASS EMISSIONS AUX. AUX.  AUX. .
PANGE  METF LOtGe Ahe e e CuUNCe  CONCENTWATIONS GMS GMS/M] GMS /KM FIELOL FIELD?2 CODE 3
L} MC=t 1D 16 WD [War e rel sone VoD PPU [LY] 0,060 0.037 ®
. NOEeCHEM In F0lou 10t 14 Balh 0.0 100,h0 PPM 22413 24171 1,309 MPG KPL  L/100XM
: oo cou2 23 ah.l I ETR [ U6y 1,106 % 2346,617 230,269 163,083 38.6 16,34 601 1
! Co o™ ¥ Gens Vot % Va0 0.0 14.00 PPM T 0,186 0.116 q»)” ; 8
< HETGATED YAl UES "e e Lo oy MPG KPL L/100KM "
i HOAME /MILF 0.0k u.r 3. Y WEIGHTED VALUES  3H.% 16.3 6e) ® ]
i dEFORE HOUUD NG NS NelHG ¢35 4720 2ellla 38,6720 16,3676 6.1170
{ QHAMS /KM N0t hel7 fay, CdedS 72-74 FIP 8.4 1643 6.1 v’
A #EFORE ROUNHTNG Dot 700 AER R R fasoom 143492 JA.6695 16,3665 61174 e | 'é}_,
: UNWEIGHTED FTP  3A,.4 1643 L%} L
4 38,4495 1643465 - 61174
(-] o
. COMMENTSE FIESTA TESTING OF LOUDMAN  HODEL 1400 DEVICE . g
3 . SPECATIL SHIFT SPEED OF 10-20-40
e ®
I 4
i @ 'Y
! 3
{1 e ot
. °
) - ,i
: k.) O l
@ ®
‘. o . o[ -
: nlle 0 . . DYNO SITE1D20T _ TEST & T9-9896 . R
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) ovNo sITEID207 TEST # 79-9895 I 1979 LIGHT DUTY VEHICLE ANALYSIS | PROCESSEDT 13138140 SEP 13, 1979 O i
''e® o,
! MF R, ALT. - EQUIVALENT ACTUAL OVERe  feewceccea TEST TYPE cevo=—e=/ -
VR, VER- REP. RUN. RETEST H.P, TEST DYNO TRANS,  DRIVE EXPERIMENTAL ‘ ; k
j J0DE  VEHICLE 1.0. SION EVAP INIT, GHG. CODE ACHP METH. WEIGHT H.P. CONFG.  CODE /e==ee= TEST PROCEDURE ===ee=/ § :
1 30 GCFBWE3GG4Y 0 2000 77.3 CVS 75-LATER {
: {
; ® DRIVE NEASURED ®
i CURB AXLE AXLE /=== IGNITION TIMING eae/ /ecccee § CO ==-===/ IDLE SOAK COASTDOWN ¢
| @ PREP DATE WEIGHT WEIGHT GAUGE MEASURE  #1 w2 RPM  GEAR  LEFT  RIGHT COMB RPM  GEAR PERIOD TIME °
EMPTY
- .
¥
i /- AMBIENT TEST CONDITIONS - / -
P ® BARO  WET oRY cvs °
., "HG BULB BULB UNITS UNIT ]
. 29 . 706 7
e 29.18  63.2 0 F 27¢ ®
) ACTUAL
: . DYNO INERTIA IMODICATED Dvuy TIRF NOX RELATIVE
! ®  1EsT DATE WA, SITE  SETTING DUYNO H.P.  H.P. ODOM. PRESSURE FACTOR HUMIDITY ALDEHYDES ® F
; 9-12-79 09 DN207 2000 5.3 . 2198,8 45,00 1,0062 66,7
. 4
., ! ° BAG | J.572 MILFS S5.748 KM 83728. ROLL REVS. VMIX=® 2837.0 CU.FT, DILUTION FACTOR = 15,313 L
i SITE #A215 EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED , MASS EMISSIONS AUX. AUX.  AUXe
| . RANGE METER CONC. RANGE METER CONC, CONCENTRATIONS GMS, GMS/M1 GMS/XM  FIELDl  FIELD2 CODE }»
1 HC-FID 1S «8.1  72.28 15 3.0 4,46 68.10 PPM 3.15 0.683 0.549 L
! NOX~CHEM 16 54,6 55.79 16 0.2 0.21 55,59 PPM 8,60 2.406 14495 MPG KPL  L/100KM
- coz 22 35,5 0.841 23 2.1 0.046 0.800 % 1176.01 329.265 204,584 25.9 10.99 9.1 -
. - ® - €0 18 54,4 265.49 18 0.3 1.42 264415 PPM 24.71 6.917 4.298 m ;
J JAG 2 13.825 MILES 6.156 KM #8918, ROLL REVS, VMIX= 4782.0 CU.FT, DILUTION FACTOR = 22.482 )
'@ SITE #8215 EXHAUST SAMPLE BACKGROUND SAMPLE "CORRECTED MASS EMISSIONS AUX, AUXs  AUX. LY o
‘ RANGE METER CUNEC.  RANGE  METER CONC. CONCENTRATIONS GMS, GMS/M] GMS/KkM  FIELD1  FIELD2 COOE f‘»
HC=~FI0 14 lo,3 1u.5% lo 5.0 4,26 6.4R PPM 0.51 0,132 0.0R2
- Q@ NOX=CHEMR o 39.9 10.10 16 1.0 0.26 9.86 PPM 2.57 0,672 00017 MPG KPL  L/100KM ®
co2 23 25.7 0.587 23 2.0 0.0642 0,547 % 1355,30 356,338 220,175 2646 10,48 9.5 3 .
; ° co 17 32.1 Ts.45 17 0.6 0.96 77453 .PPM 12.22 3,196 1.986 °! Ve
i ')‘
¢ ' BAG 3 1.554 MILES 5.719 KM B2H6. ROLL REVS. VMIX= 2789.0 CU.FT, OILUTION FACTOR = 17,510 : ] -
i SITE WA21S EXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX, AUX.  AUX,
! ® RANGE METER CONC. RANGE METER CONC. CONCENTRATIONS GMS. GMS/MI GMS/KM  FIELDY  FIELD2 COOE o {
! HC-F 1D 14 22.7 16,80 16 5.8 4,26 12.78 PPM 0,58 0.164 0.102 ]
1 NOX=CHEM 15 19.7 39.92 1s 0.3 0.15 39.78 PPM 6.05 1.701 . 14057 MPG KPL  L/100XM }
P @ co2 23 32.3 0.756 23 2.0 0.042 0.717 % 1035,65 291.419  181.080 30,1 12.78 7.8 L
; co 17 30.0 73.26 17 0.2 0.48 72.80 PPM 6.69 1.886 1.170
. i
| ® weionTED VaLUES HC co coe NOX HPG KPL L/7100KM ®
: : GRAMS/MILE 0.30 3.6 332. 1.31 WEIGHTED VALUES 26,2 11.2 9,0
BEFORE POUNDING 0.2968 3.608 331.85 1.3164 26,1899 11,1502 8,9683 ;
l @ GRAMS /KM 0.184 2.76 206, 0.82 72-74 F1P 25.2 10.7 9.3 [ J
} BEFORE ROUNDING 0.18444 2.242}) 206,20 0.8167 25,2313 10,7269 9.3223 ‘
f UNWEIGHTED FTP 26,6 11.3 8.8 &
| < 26,6256 11,3197 8,834} ' " &
! ~OMMENTSS FIESTA TESTING OF GOODMAN MODEL 1800 DEVICE < ’
- “« SPECIAL SHIFT SPEEDS OF 10~20-640 .
{ ROLL REVS FOR BAG 1| CALCULATED FROM PAST DATA
I Q L4

6110 0 DYNO SITEID207  TEST # 79-9a9%
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; ) DYNO SITEID207 TEST # 79-9900 1 1979 HIGHWAY FUEL ECONOMY ANALYSIS | PROCESSED! 095100147 SEP 19, 1979 i
- . - - D B - .- ‘ ‘
! n : o
! MFR, ALT, EQUIVALENT ACTUAL * OVERe /e~ececccss TEST TYPE =-cecea=/ :
~MFR, VER= FEP. RUN. RETEST HeP. TEST DYNO TRANS.  DRIVE EXPERIMENTAL . ¢
‘ 4 I00E  VEMICLE F.D. SION EVAP INIT. CHG, CODE ACHP METH. WEIGHT HePo CONFG.  CODE feemmae TEST PROCEDURE ====e=/ 1 §
{ 730 GCFBwEJe4sd 0 2000 7.3 : H¥FE "
A O DRIVE MEASURED ®
CURB AXLE AXLE /=== IGNITION TIMING =~e/ /=eomeee % CO =we~ae/ IDLE SOAK COASTOOWN v
PRE® DATE WEIGHT WEIGHT GAUGE MEASURE M1 w2 RPM  GEAR . LEFT  RIGHT COMB RPM  GEAR PERI0D TIME f
e EM2TY ®
i ! /- &¥SIENT TEST COMODITIONS - 7
i ® BARO  WET oPY cvs *
"HG BULB BULB UMITS® UNIT
29,01  62.0 Tl.s  F 27¢C
°o o}
] . ACTUAL
CYNO  INERTIA [INDICATED  OVUY TIRE NOX RELATIVE .
. ©  TESY DATE MR, SITE  SETTING OvNG HPe H.P, ODOM. PRESSURE FACTOR HUMIDITY ALDEMYDES ®
9-18-79 11 0297 . 2n00 5.3 2315.0 465,00 00,9759 59.1
¢ BAG 1 10,216 MILES 16,641 ¥M 23019, ROLL REVS, - VMIX® 40RB2,0 CU.FTs  DILUTION FACTOR = 11,632 )
R SITE #AziS FXHAUST SAMPLE BACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUX, AUX.  AUX.
. RANGF METFP CONC. RANGE METER CONC. CONCENTRATIONS GMS. GMS/M1 GMS /KM FIELD! FIELD2 CODE X
3 HC-F D I 17,1 12.43 te 4.6 3.18 9.54 PPM 0.66 0.062 0.039 ®
. NOX-CHEM 16 .- B7,9 84.01 16 0.1 fa1 87.91 PPH 18.97 1.857 1.154 MPG KPL  L/100KM
. co2 23 46,5 1.149 23 1.9 0,040 1.113 % 2353.17 230,365 163,130 8.4 16,33 6.1
. v, co 17 6.9 16.67 17 n.,0 0.0 1,67 PPM 2.26 0,220 0,136 [ ]
JEIGHTED VALUES HC co co2 NOX MPG XPL L/100KM e "y w
o7 GFAMS/MILE 0.06 0.2 230, 1.86 WEIGHTED VALUES 38,5 16,3 6.1 L3 P o
BEFNEE ROUNDING N.0622 n.219 2INe 6 1.8567 I L1726 16.343) 6.1187 ¥
i GRAMS /KM 0.039 Nel6 1643, 1.15 72-74 FTP 38,4 16.3 6.1
{ o  BEFORE ROUNDING 0,03867 n.1364 163,12 1,1537 38,6266 16,3368 6.1211 ®
’ : - UNNEIGHTED FTP  38.4 16,3 6.} '
38,4266 16.3368 6.1211
(] ¢
‘ l COMMENTSS FIESTA TESTING OF GOODMAN MODEL 1800 DEVICE
SPECIAL SHIFT SPEEDS OF 10-20-40
, @ o}
]
® L
i @ ®
. ® o
® ]
~~
B ¥
3
] @ °®
; - -~ .. . el L ]
A, i 611d o : ) DYNO SITEID20T  TEST # 79-9%00 .l -
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o mee e rmeremretremcecacanen————
O ovno siTEID207 TFST W 79-990) I 1979 LIGHT NUTY VEHICLE ANALYSIS | PROCESSEDt 09120129 SEP 21 1979 o
L] e
", ALT, EQUIVALENT ACTUAL OVER=  feweemccn= TEST TYPE =cocecee/ ]
STER, V= FEP. HUN, HETEST M.P, TEST NYNU TRANS. DRIVE EXPERIMENTAL p
{ ¢ l0DE - VEHICLE [.D. STUN EVAP 10T, CHG. CODE  ACHP METH. WE IGHT HeP, CONFGe . CODE f=ee=n= TEST PROCEDURE w=<we/ RANY
T 30 GCFBWE3waes9 0 2000 7.3 CVS 7S=LATER -
L UE [, MEASURED ®
Cuwh AxLt AXGE /=== IGNITION TIMING ===/ /=mece=e § CO =-===s/  JOLE SOAK COASTOOWN
° PREP DATE WETGHY WETOMT  GAUGE  MEASUNE []] "2 APM GE AR LEFT RIGHT COMB RPM  GEAR PER]OD TIME PY
. Enwery . :
7= AMBIENT TEST CONDITIONS - / : ! ‘
] aAR0 wET vy Cve ]
"HG BuLA BULH UMITS UMY
29.26 62. 70.7 [ 3 e :
o 2 2.1 2 ®
AL TUAL X f
E DYHNO  IMEWTlA  EHDICATED  Dvy TivF NOX HELATIVE ’ i
®  1EST DATE MR, SITE  SETTING LYM) r.P.  H.P, ODOM. PRESSURE  FACTON  HUMIDITY ALDEHYDES L
9-19-79 10 0207 2000 Y] 2345, 45, 0.9800 61.4 ) .
o B8G 1 3546 MILES 5,706 XM 4281, HOLL KEVS,. VMiXz 2434,0 CUFT, DILUTION FaCTOR = 15.62) ®
SITF sA2lS FAHAUST SAMPLY UACKGROUND SAMPLE CORNECTED MASS FMISSIONS AUX, AUX.o AUX
RANGF  “FTFR ConC,  HaNGE  “ETEw CUONC., - CONCENFRATIONS OMS. | GMS/M] GMS/kM  FIELD] FlELD2 COOE
P HC-F D 15 46,9 IR 15 ) 3.n7 heotl PPH 2.89 0.816 0,507 o
i HOX=CHEM (L] ETN ] Sr.09 I6 0.0 (7] 55420 PPM Ha31 2+302 1,456 MPG KPL LZ100KM
. i co2 ¢3 36,9 erts 23 2ol V. 044 0773 % 1135.77 320.325  199.0%) 26.2 1115 9.0
. i Oy co 14 7ol d8n.2n te vel 0.617 165.79 FPM Ly 9.642 5.991 ®
i
-~ BAG 2 JoBLIA MILFS 6Holte ¥M 70 l, ROLL HEVS, VMIXz2 GHU9.0 CULFT, OILUTION FACTUR = 22.R)3 O t"
O sITF ma21% FAHAUST Saupit HACRGHOUND SAMPLE CORKECIFD MASS FMESSIOUNS AKX, AUK.  AUX. o
HAMGE  METH W COLC. NANLE METER CUNC,  CONCENTHRATEONS GMS. LMS/MI GMS/kM  FIELD) FlELD2 CODE
. HC-F 1D 16 15.5 [ I Sed LV Tolu ¥Pn Qebl 0.160 0,100 .-
f - HOR~CHEM 1o “cel YUl e 0.1 0.03 10,68 PpM 2.13 0.716 0,644 MPG KPL  L/100KM ®
co? 23 ?5.3 w.SIT 23 PIY h, 04k 0,533 & 1327.92 36T, A6l 216,138 250 ° 10,64 9.6
co ¥7 1.2 91.11 17 V.0 V.0 91.11 PPM 16,645 3. 784 2.351 .
4 Q . ® LY
BAG 3 3.566 MILES 5.706 KM  HZb17, RULL KEVS, VMiXz 2A02.0 CUFT, DILUTION FACION = 17,796
SITE #A21S EXHAUST SaMPLE BACKGHOUND SAMPLE CORRECTED MASS EMISSIONS AUX., ., A&UXe  AUXe
@ FRANGE  METER CONC.  RANGE  DETER CUNC. CONCENTRATJONS GMS. GMS/MI GMS/xM  FIELD!  FlELD2 CODE ®
HC=F 1D 1o 6.9 17.94 16 .M 3.53 16,61 PPM 0,76 0,214 0,132 ! )
] HOX-CHEM 15 1.2 [T 15 0.1 0.0% 40.61 PPY 6.06 1.703 1,058 MPG Y KPL  L/IO00KM
;1 @ c02 2) 3 .H W.T43 23 2.2 0,046 0.700 » 1015.61 286,436 177,983 30.5 5 12.99 Te? L ] ]
.o co 17 3.9 7.9 ¥} 0.0 0.0 77.96 PPM 7.20 2.031 1.262 ;
@ WEIGHTED VALUES HC o coe NOX MPG xPL L7100KM [
GHAMS /MILE 0.31 4.5 325, 1,32 WEIGHTED VALUES  26.6 11.3 8.A 4
HBEFOQE HOUNDING 0,3107 4,515 325.28 1.3226 26,6266 11,3159 8.8370
1 @ GRAMS /KM n.193 2.nl 202, 0.82 12-76 F1P 25.6 10,9 9.2 @
BEFORE ROUNDING 0.19308 2.H060 202.12 v.8218 25,6069 10,8866 . 9.1855
j UNWEIGHTED FTP  27.0 11,5 N 8.7 p
o 27,0313 11.4921 {f‘ 8.7015 et}
- 1. T~OMMENTS? FIESTA TESTING OF GUUDMAN MODEL 1R00 DEVICE E
{ «JJ SPECIAL SHIFT SPEEUS OF 10-20-40 . :
3 DEVICE INSTALLED . , L
1 @ [
0
. , ' al10 . DYNO SIVE$D207 _ TEST @ 79-9901 _ _ .1
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& ¢y OYNO SITERD207 TEST & T9-990¢ | 1979 HIGHWAY FUEL ECONOMY ANALYSIS | PROCESSEDt 07108107 SEP 24, 1979
g e Py gy ‘
! MEb, ALT.  EOUIVALENT ACTUAL OVERe  feeeccacec TEST TYPE scveseee/ !
f HFR, VEN- WP, RUN. WETEST HoP.. TEST DYNO  TRANS. DRIVE  EXPERIMENTAL .
¢ (JO0E  VEMICLE 1.0,  SION EVAP [NIT., CHG. CUDE ACHP METH. WE IGHT HePo CONFG.  CUDE f-=ceec TEST PROCEDURE =ewema=/ . '
/30 GCFHWE34449 0 2000 Te3 HWFE ‘ )
o ORIVE "MEASURED ®
1 curs AXLE AXLE /=== JIGNITION TIMING ==e/ /e~ccee § CQ ~==e=</ JDLE SOAK COASTOOWN
PREP DATE WEIGHT  WEIGHT  GAUGE  MEASURE W) #2 °  HPM  GEAR LEFT  RIGHT COMB RPM  GEAR PERIOD TIME
. EMPTY . h
. /= AMBIENT TEST CONDITIONS - /
® BAKO wET Ry Cvs ®
"HG BULY BULH UNITS  UNILT
29.26  61.8 .3 fF e
1 ® ACTUAL . i f
OYNO  IMERTIA 1HOICATED  DVU TIRE NOX RELATIVE :
@ TEST DATE MR, SITE  SETTING OYNO H.P.  H,P. ODOM. PRESSURE FACTOR HUMIDITY ALDEHYDES ] Y
‘ 9-19-79 11 L207 2000 %3 2396, as, 0.9692 58.5 .
@ BAG 1 10,163 MILES 16,355 KM 23A4YS, RULL REVS, VMIX= 4126.0 CU.FT, DILUTION FACTOR = ]1.872 ® ]
SITe w#A21S FAHAUST SAMPLF HACKGHOUND SAMPLE CURNECTED MASS EMISSIONS AUX, AUX. AUK o; r
RANGE METER CONC.  RANGE  METER CUNC. CONCENTRATIONS = GMS. GMS/M] GMS/kM  FIELDI FIELD2 CODE
® HC=F 1D 16 16.1 11.89 18 4.5 3.31 H.86 PPM 0.60 0.059 0.036 ®
“NOX=-CHEM 16 94,2 93,95 16 0.0 0.0 93.95 PPM 20,34 2.001 1,266 MPG KPL  L/100OXM
cnz 23 65,7 lolé6 23 2.3 0,048 1.082 % 2311.06 227407  141.306 38,9 16,54 . 6e0 y
o N co 17 6.9 16,67 17 0.0 0.0 16.67 PPM 2.27 0.223 0.139 ®
) i AETGHTED VALUES HC cn co2 NOX HPG KPL L/100KM m
©  GRAMS/MILE 0.06 0.2 227, 2.00 WEIGHTED VALUES 39,0 16.6 6.0 "®
‘ MEFORE ROUNDING 0.05H6 0.223 227,60 2.0012 . 38,9800 16,5756 6.0329 ” w
; GRAMS /KM 0.036 Hela 141, 1.24 72-74 FTIP 38.9 16.5 60 a4
. @  BEFORE ROUNDING 0.03647 01389 141.30 1.2635 38.9230 16,5478 6.0630 Y :
i UNWE IGHTED FTP  38.9 i 16.5 6.0
| 38,9230 16.5478 6406230
Y ] !}
} COMMENTSS FIESTA TESTING OF GOOUMAN MODEL 1800 DEVICE
4 i SPECIAL SHIFT SPEEDS OF 10-20-40
i DEVICE INSTALLED el
‘f ¢ w Fl .
H
]
i ® t
i
®
L ]
®
O

CQ@..-.OO
~

6110 O OVYNO SITESD207 TEST # 79-9902
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™ ovuo site10207 TFST @ T9-94y) ! 1979 LIGHMT DUty VEHICLE ANALYSIS | PROCESSEDS 09120137 SEP 21y 1979 .
® . o
b=, AL T, EQUIVALENT ACTUAL OVER~- | /fe=ecccwcee TEST TYPE =v-wcee=/
{'A"”'- VER= HER. HUMH, RETEST HeP, TEST pYHO TRANS,  DRIVE EXPERINENTAL '
. -<0DE VEHICLE [.D. SION EVAP IniT. CHG. COUE ACHP METH. we IGHY HePo CONFG.® CODE /=eve== TEST PROCEDURE ==ve==/
30 GCFBWEIGGeY 0 2000 7.3 CVS 75-LATER . ’ |
L PW1VE MEASURED L]
CuRY AxLt AXLE /=== JTGNITION TIMING ~e=/ [eccan= § CO ==ene=/ 10LE SOAK COASTDOWN 4
. s PREP OATE wEIOHT wEIGHT  GaluGE MEASUKE [2] L ¥4 RPH GEAR LEFTY RIGHY COM8 RPM GEAR PERIOQD TIME Py
N T ’ !
/= AMATENT TEST CONDITIONS - ¢
® BaRn wET oy vy [ ]
"y6 BULY WS LTS T
29.13  6l.n .3 ¥ o1t ‘
" o}
ACTUAL . .
: DYMO  INEWRFLIA  IPDICATED  OVU TInF NOX HELATIVE !
@ JEST DAYE HR. SIFE  SETTING uyNO H.P, HeP, 0DV, PRESSURE  FACTOR HUMIDITY ALDEHYDES ] !
9-%79 08 D207 2000 5.3 236, 45, 09619 SA.Y .
(74
@ 646 1 7,585 MILES S.7TH &M #Mahs. HULL WE VS, VMIXEe ZHOY,0 (UFTe  DILUTION FACTOR = 15.6al @
SITE #A?2]15 FXHAUST SAMPLF HACKOROUND SAMPLE COFRECTED MASS EM]SSTONS AUX, AUX. AU
HENGE 4 1F R CUNC.  HANGE b TER CONC.  COHCENTRATIONS GMS, oM /M1 GMS/KkM  FIFLDl  FIELD2 COLE
i ] HC-F 10O 15 5.0 bl.h0 15 e 3.a7 A3.94 PEM 2.9¢ 0.R1Y 0.509 @
i HOX=CHEM 15 LY LU PR In 0.0 0.0 b hy PPN 1n.06 2.401 170} ML KPL  L/100KM '
- i ! cn2 2 4. v.rnY 23 e [Ty D110 % 1120.47 32.532 19¢.198 26.7 11.37 8.8
\ - ) co 14 BZol w0 l.u6 tH 0.0 0.0 GO laYe PPM IR 10.538 6,548 C“
! w
! SYHAG 2 34883 MILES 6,269 KM 9nS3, HULL eFV3, VHMIX= 4TH4e0 CUFT, DILUTION FACTOR = 22,937 w
i @ SITFE ®aA2lS ErmAUST SAMPLE HWACKGROUND SAMPLE Comnte CIED MaSS EMISSIONS AUR, AUX, AUR. o
i HANGE  ETER CUNC.  RANGE  MhTER CONC.  CONCEMTRATIONS GMS. GMS/M] GMS/KM  FIELDl  FIELD2 CODE
' HC-F ID 14 1.3 1u.5% lo Gon 1e63 Tolts PP 0.56 0.108 0,090
‘ ® HOX=CHEM Yo w6 leoet 14 0,3 0,08 12.20 PPM 3.00 0.783 0.4A7 NPG XPL  L/100KXM o F
i cn2 21 25.¢ v Ih 29 2N D62 0.%35 % 1324.73 341.205 212.015 2565 10,86 9.2
. ° co V7 Ju.8 [CYR s 17 0.0 0.0 A%.1% PP4 13,603 3.459 2.149 . R
BAG 3 3,582 MILFS 5.7h6 KM  H3IS1. RULL HEVS, VMIXz 2/R1.0 CU.FTe OILUTION FACYOR = 17,608 ~
SITE #A?)S EXHAUST SAMPLE HACKGROUND SAMPLE CORRECTED MASS EMISSIONS AUR, AUR, AUX. U3
® RANGE  METH e CUMC,  SANGE  METEW CUNCe CONCENTRATIONS M5, GMS /M| GMS /KM FIELD] FlELD2 COLE . [ J [
HC-F 1D 14 2746 16,73 1o auM 3.5) 13.40 PPM 0.61 0.170 0.)06 , )
MOX-CHEM 15 C78 46,06 15 0.2 V.10 45,96 PPM 6,66 1.858 1.155 MPG KPL  L/7100KM
[ ] caoe 23 3.2 Ualbn 23 2ol 0,042 0706 » 1028.88 287,260 178,495 30.6 13,00 Te7 o E
co 17 23.3 Sh.T3 17 U.0 0.0 56473 PPM 5,20 1,652 0.902
@ WEIGHTED VALUES HC o coz NOX PG KPL L7100KM e |'
GRAMS/MILE 0.29 ol 121, 1,49 WEIGHTED VALUES 27,0 11.5 8.7
: v BEFORE ROUNDING 0.2905 4,371 120,53 1,49238 26,96R) 11,4926 8,7013
® GRAMS /KM 0.181 zet2 199, 0,93 72-74 FTP 26.1 11.1 9.0 [ J
BEFORE ROUNDING 0414052 2.1163 199.16 0.9282 26,1179 11.1038 9.0058
UNWEIGHTED FTP 27,4 11.7 8.8 ]
® 27.6160 11,6557 8,579 ”
t COMMENTSS FIESTA TESTING OF GOUDMAN MODEL 1#00 VEVICE .
SPECIAL SHIFT SPEELS OF 10-20-64
DEVICE INSTALLEDs wATEN RESERVOIR EMPTY
o [
< ' °
Ve mere e e = sl10 o T OYNO SITEINZ20T . TEST X _[9-990) v i

- A

U PLAAE A
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) pyno SITEID207 TEST ® Ty-uius I 1979 Hl1GheAy FUEL ECONUNY ANALYSLS ) PROCESSEDY 09120142 SEP 214 1979
(]
by ALT.  EUUIVALENT ACTUAL OVER=  /=w=wecees TEST TYPE ===ecees/
MFR, VER- WESO L RIML RETEST HeP, TEST DYNO TRANS., ODRIVE EXPERIMENTAL '
00E  VEMICLE 1.D. SION EVAP INIT. CHG, CODE ACHP METH, WE 1GHT HePo CONFG,  CODE /ee~eee TEST PROCEDURE =wwee=/
- J 30 GCFHwE 6649 v 2000 7.3 HWFE
- UK IVE ' ' . MEASURED
CURH AXLE AXLE /=== [GNITION TIMING =er/ /[=c<eee % CO ==e===/  ]DLE SOAK COASTDOWN
° PREP DATE WEIGHT  WELGHT  GAUGE  MEASURF w1 2 RFPH GE AR LEFT RIGHT COMB RPM GEAR PERIOD TIMNE
' tMeTY
/- AMARIENT TEST CONDITIONS - /
® asr0 wET DUy (Vs
NG BULA BULB UMITS Ul .
® 29.13 61.3 .4 F ENT
ACTuaL, ‘ !
(] INERTIA  INOLCATED  DVU TIWE NUX RELATIVE ;
@  VEST DATE MR SITE  SETTING (11M0 HoPe  HeP. ODOM. PRESSURE FACTOR  HUMIDITY ALDEHYDES : , H
9-20-79 09 0207 2000 5.3 2397, a5, 0.9643 5843
Q@ UAG | 10,239 MILES 16,674 kM 21171, HOLL WFVS. VMIX= 096,00 CUFT,  ODILUTION FACTOR = 11,753
SITE #A215 EXMAUST SAMPLE HACKGRUUNI SAMPLE CORKHECITED MASS FMISSIONS AUX, AUX o AUX o
RANGE  MFTENR CiC.  WaNGE  METER CONE,  CONCENTRATIONS GMS. GMS/M] GMS/hM FIELD] FIELD2 CODE
® HC-F 1D Jo 16.6 12.ch 16 4.5 3.31 9.23 PPM 0.62 0.060 0.037
MOF =M HEM 17 . ) 106,94 17 0.0 [ 106,98 PPH 22.47 2.2)6 1.388 MPG KPL  L/100KM
co2 23 6b,1 1.1/ 23 1.9 0.040 1.101 % 2335, 34 228.083  14).726 38.8 16,49 6.1
L co V7 6.l 16,73 Y] 0.0 0.0 164,73 PPU 1.99 0.196 0.12) ,
' WwAEIGHTED VALUES HC wn co2 HOX ' MPG KPL LZ100KM
(% GRAMS /MILE 0.06 0.2 224, 2.2) WEIGHTED VALUES 38,8 16.5 6.1
BEFOPE WOUMDINCG 0,06072 0.194 224.08 2.2319 ! 33,8094 16,4625 6.,0744
GPAMS /KM 0,037 nele 1e2, 1.39 12-T6 FTP 38.8 16.5 6.1
® REFORE. ROUMDIMNG 0.03765 0.1206 141,72 1,4881 ’ ' 38,8147 16.5018 6+0599
UNWEIGHTED FTP  3A,.8 16.5 6ol
° 38,8167 16,5018 6.0599
COMMENTSS FIESTA TESTING OF GOUUMAN SYSTEMS MODEL 1800 DEVICE
SPECIAL SHIFT SPEEDS OF 10-20-40
L] OEVICE INSTALLEU. wATeR KESERVOIR EMPTY . . .
@® : ¥ i
®
®
[
¢ )
L]
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) OYNO SITERD207 TEST » 79-990". | 1979 LIGHT DUTY VEMICLE ANALYSIS | PROCESSED! 0710811) SEP 244 1979

5 ! JoLE ! o
! ;
| & ~
o MEH, ALT.  LOUIVALENT ACTUAL OVEH=  /eemceoece TEST TYPE ~mecsans/ (’,
i ¥R, VER~ KEP. RUN, RETEST H.P, TEST DYNO TRANS . DRIVE EXPERIMENTAL ' .
@ COOE VEHICLE 1.0. SION EVAP [N1T. CHG., CODE ACHP METH, WETGHT HePo CONFG,o CO0E /oweeee TEST PROCEDURE w=ewee=/ [ ]
30 GCFUWEJLs69 0 2000 7.3 : CVS 7S~-LATER :
1 @ ORIVE MEASURED o
Cuny AXLE AXLY /=== IGNITION TIMING ===/ /occace § C0 ~w=ce=/ IDLE SOAK COASTOOWN !
PREP DATE WEIGHT WEIGHT GAUGE MEASURE (2] (¥4 HPM GEAR LEFY RIGHY COMB RPM GEAR PERIOD TIME
® EMpFy [ )
/= MMRIENT TEST CONDITIONS - /
[ 8aro wET ooy _Cvis (]
! "o 8uLs BuULH UNITS UNTT
28.95 6).0 71.0 F el
© ACTyAL g
i : UYNO INERTES  1NDICAYED DVU TIRE NUX RELATIVE . t i
‘ © TEST DATE WP, SITE  SETTING ULYND H.P, H.P, 0ODOM, PRESSURE FACTUR HUMIDITY ALDENYDES o
9-21-79 08 D207 2000 5.3 2629.6 45,00  0.9591 5645 s
'O BAG 1 3.569 MILES S.7e3 XM 81321, PuLL REVS. ' VALR= 2H16.0 CUFT,. DILUTION FACTOR =  ]15.639 o
| SITE wa2}s EXHAUST SAMPLE HACKOHOUND SAMPLE CORKECTED . MASS EMISSIONS AUX. AUX. AUX o ;' .
| . RANGE METHY CuniCe  RANGE  METER CONCe CONCENTRATIONS GMS . GMS/M] GMS/KM FIELOL FIELDZ CODE 3
o HC-F 1D 15 5¢45 18,52 15 3.1 4.61 74,60 PPy 3.43 0.961 0.597 ®
! NOX=-CHEM 15 67.6 L™ 16 0.0 0.0 68.346 FPH 9.99 2.799 1.739 MPG KPL  L/100XM
~ co2 23 36,3 0.409 23 2.0 V.04 0,770 % 1122.46 J14.518 195,43} 2646 11.30 8.9 ™
. - . J €0 14 8u.1 397,44 18 0.3 1.62 396,13 PPM 36.75 10,294 6,399 "
BAG 2 3,869 MILES 6,227 KM %022, HOLL KREVS. VMIX= 4752.0 CU.FT, DILUTION FACTOR = 22,748 W
Q SITE #a2)5 FXHAUST SAMPLE HACKGROUND SAMPLE CORRECTFO MASS FMISSIONS AUX . AUX, AUX . e w
HANGE METEH CONGC, WANGE  METER CUNCe CONCENTRATIUNS GMS. GMS/MI GMS/kM  FIELD] FIELDZ2 CODE
HC-F 10 ie 13.9 14.25 16 4.8 3.53 6.HH PPM 0.53 0.138 0,086 L
NUX=CHEM Ia 5.8 11,54 to 0.2 0.05 11.53 PPH 2.8%9 0,738 0,657 MPG KPL  L/100KM °
coe 23 25.4 0,540 23 2.0 0.062 0.540 % 1328.29 3u3. 271 213,299 25.4 10.80 9.3 .
co 17 3.4 B4, 1h 17 0.2 (Y] 83,70 PPM 13.11 3.349 2.106 ~
‘ ® BAG I 3,586 MILES S.770 KM 8160, HOLL PEVS, VHIX= 277%,0 CU.FT, DILUTION FACTOR = 17,586 . o 1 -
SITE #A2]S EXHAUST SAMPLE HACKGNOUND SAMPLE CORRECTED MASS EMISSIONS AUX. AUX. AURo
| ® RANGE METER CONC. RANGE METEWR CONC. CONCENTRATIONS GMS . GMS/MY GMS/KM  FIELDI FIELD2 CODE 'Y
' HC-F 1D 14 2241 lo. Ko 1 5.0 3.68 13.33 pPeu 0.60 0.169 n.105 ) g
{ NOX=~ChHEM 15 Qa0 4b,97 15 0.2 0.10 46,80 PPM 6.706 1,884 1elT1 MPG | KPL L{loom ;
L Y ca2 23 32.2 0.75% 23 2.9 0.062 0.714 % 1026,67 206,333 177.919 3J0.6 13.02 1.7 ® 1
co 17 27.1 66,09 17 0.0 0.0 66.09 PPM 6.05 1.686 1,068
@ VEIGHTED VALUES HC co €02 NOX MPG KPL L/100KM ° L
GRAMS/MILE 0.3¢ 4,3 yez2. 1,48 WEIGHTED VALUES 26.9 1le4 8.7
HEFORE ROUNDING 0,1160 44367 321,72 1.4760 ’ 26,8916 11.64354 B.7447
® GRAMS/KM 0.196 2.10 200, © 0,92 12=74 FTP 26,0 11.0 9.1 - ®
R BEFORE ROUNUING 0.19619 2.1016 199.91 0.9171 25,9651 11,0389 9.0588 .
UNWEIGHTED FTP 2743 1).6 8.6
) 273222 11.6158 8.60089 N ]
- i A }onncutsn FIESTA TESTING OF GNUUMAN MODEL 1400 DEVICE \,
'™ SPECIAL SHIFY SPEEULS OF 10-20-40 Py
® ®
o C
al10 0O - OYNO SITE10207 TEST # 79-9905 .
. . v IR (A - bl
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v
¢) UYNO SETED207 TESTY # 19-99u0 I 1979 HIGHwAY rUEL ECONOMY ANALYSls [} PROCESSEDY 07108217 SEP 24+ 1979 [ ] ‘
e : L)
N "y, aLT. EQUIVALENT  ACTUAL OVER=  /r=ecec=es TEST TYPE =ne=csea/ (.
. FR, VEH= HEP, HUN, RETEST HePo 1FST DYNO TRANS. DRIVE EXPERIMENTAL i 3 ‘
@, CODE  VENICLE .0, SION EVAP INIT, CHG. CODE ACHP METH,. WEIGHT H.P. CONFGe  CODE fomeeme TEST PROCEDURE ====~==/ [, ] i
30 GCFAWE 364649 0 2000 1.3 HWFE
® DRIVE . MEASURED ®
Cuvy axLE axLt /=== IGNITION FTIMING =ev/ [eccece § CO ~cce==/ IDLE SOAK COASTDOWN s
PREP DATE WEIGHT WLIGHT Galct  MEASURE []] LF FPM  GEAR LEFT  RIGHY comMB RPM  GEAR PERIOD TINE
(] LA .|}
/- AMBIENY TEST CONDITIONS - / :
" BARD weT ey ' S Cvs o
MG BULB BULH UNITS  ONIY :
28.97 60.5 71.0 F 2,
4 ACTUAL i
OYHO INERTEIA  INOICATED Ovu TIrE NOX RELATIVLE
@ TEST DATE HR. SITE SCTTING  byil0 WP, HofPe  ODOM.  PRESSUHE  FACTOR  HUMILETY ALUOEHYODES : [ ] F
9=-21-19 09 0207 2009 5.3 2652.1 45,00 049490 S4.6
© UYAG ] 10,226 MILES 16,455 rM 23839, HROLL REVS. VMIX= 40H2.0 CU.FT, DILUTION FACTOR = 11,755 ® t
SITE wA21S EXHAYST SAMPLL BACKGROUND SAMPLE COHRECTED MASS EMISSIONS AUX . AUX. AUXe
RANGE  “ETEk CuNC. HANGE METER CONC. CONCENTHATIONS GMS. 6MS /ML GMS/KM  FIELD) F1ELD2 CODE
o HC=F 10 16 15.0 tl.eh 1o e, 7 3,65 8.50 PP 0.57 0.055 04034 ®
NOX=-CHEM 17 i, 2 111,70 17 0.1 0.25 111.50 PPH 23.39 2.288 1,622 MPG KPL  LZ100XM
0?2 23 “6.1 o137 23 2.0 0,042 1.099 % 232441 227.339 141.262 3a.9 16455 6.0
¢ 5’) co 17 5.6 13.52 17 0.0 0.0 13.52 PPM 1.82 0.178 O.111 y F
WEIGHTED VALUES HC co coe NOX MPG KPL L/100KM
® GRAMS/MILE 0.06 .2 227, 2.29 WEIGHTED VALUES 39,0 16.6 6.0 ®
BEFORE ROUNDING 0,055 0.177 227.33 2.2880 38.9800 16,5619 6.0306 L
GRAMS /KM 0,036 .11 141, 1.42 72-74 FYp 8.9 16,6 6.0
Y BEFORE ROUNDING 0.034%% 0.1105 tal.26 1.0217 38,9486 16,5586 6.,0391 o
UNWEIGHTED FTP  38.9 16.6 6.0 ;
38.9484 16,5586 6.,0391 E
L COMMENTSS FIESTA TESTING OF GOUDMAN SYSTEMS MODEL 1000 o
SPECIAL SMIFT SPEEDS OF 10-20-40 L
® ®
[ t
@ o}
e ® ;
) ) }
! -
o ! :
v &
[ |
® L J
i TEST @ 79-9906 hod
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Summary of TRC Fiesta Testing

Attachment D

Date HC (gm/mi) CO (gm/mi) ﬁOx'(gm/mile) Fuel Eéonomy (ﬁi/gal) Comments
10-4-78 6.23 1.52 30.17 B/L
4-20-79 7.926 ~ 1.576 34.05 Device
Percent (+)62.4% (+)27.2% (+)3.68% (+)12.92%

II1. Performance Data (Averages)

A, 0-60 mph (sec.)

South
North

Unmodified Modified

18.13 Std. Dev.
16.7 Std. Dev.

B. Quarter Mile Times (sec.)

South
North

21.41 Std. Dev.
21.08 Std. Dev.

III SAE J-1082a Fuel Economy Test

Unmodified
Modified

Percent Change

Urban (mpg) Suburban (mpg)
21.97 36.80
25,27 36.66

(+)15.0% (=)0.38%*

*Explained in Attachment I.

.76 14.61 Std. Dev.
1.15 14.8 Std. Dev.

.32 19.86 Std. Dev.
.56 20.26 Std. Dev.

42
N/A

.2
N/A

Interstate (mpg)
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1977 DETFRIORATION FACTORS ‘ :
PROCFSSED? 11816249 AUG 20y 1976
MODEL NAMES FIESTA

LIGHT DUTY TESTs WITH 13 POINTS, MODEL YFAR: 77 MANUFACTURE CoDE: 31

6t

VEHTCLF 1.D. IST CAR: 792-1.6-5G34A FUEL SYSTFM : | CHB 2 B8L TRANS ¢ M=4 CONTROL SYS t AIR INJECTION
VEHICLE [.D. 2ND CAR: COMP, PATIO 3 8.5 AXLE ¢ 3.33 CATALYTIC REACTOR
ENGINE FAMILY ! FlenGICV] INFRTIA CL. ¢ 2000 LA N/V : S51.0 i EXHAUST RECYCLE
FUEL TYPE ¢ IND UNLFADFD, 100 0CT DIsPL, : 9n.0 CI Evap SYS . CANISTER:
COMMENTS s’ ’
;_
MILES HC co NOX EvAP co? FeFe ;
5051, 0,700 11.700 0.890 0.010 312.000 26,6701
9438, 0+ 140 S.400 1.000 0.060 378.000 22.8849
1648348, 0.h60 9.500 0.860 0,140 340,000 24,8509
1649973, N.620 HBel0N 1.050 0.0 362.N00 24,8408
19490, (et i0 94200 0.970 0.090 302.000 27.R605 .
PLRN2, 1.060 10.200 1.010 0.040 323.000 25.9176 :
298139, 0.790 B.600 0.800 0.0 302.000 27.8986 '
29925, 0.190 13.000 0.R40 0.0 278,000 29,6516 :
34955, 0.510 10.000 0.950 0.0 350.000 26,1492
394839, 0.800 9.400 0.950 0.0 299.000 28,0495
44839, 0.530 R.300 0.810 0.0 313.000 27.0725
44RAR, 6.520 7.000 0.780 0.0 309,000 27,5838
49889, 04850 13.400 0.670 0.010 294.000 27.9221
4000, TO S0N0D0. MILES
HC co MNOX EVAP . Co2 FoEe
SLOPE = 0.00000172 0.0n002735 -0.00000471 -0,00000150 -0,00091731 0.00006559
INTERCILPT = 0.641064009 8.7R1064636 1.02254875 0.06901494 344.27639653 24.71522614
CORR, COEF = 0.13724558 0.17772309 0.62271556" 0.69067931 0.4B804642 0.50282937
COEF, OF DET = 0.0184 0.0116 0.3878 0.2408 0.2382 0.2528
STN, ERROR 0.188105 2.291264 0.0R9553 0.040425 24.B20015 1.705982
4000.(CALC) 0.647931 1A, R90448 1.003706 0.063 340.60717) 26,9776
S0000,. (CALC) 0.727174 10. 148565 0.787012 -0.006 298.411076 279949
1
DETERIORATION
FACTOR 1.122 1.142 0.7R4 -0.069% 0.876 l.121

# & THIS VEMICLF EXCFEDS 1977 CALIFORNIA STATE EMISSION STANDAROS

4 Juauwydelay
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ETHYL CORPORATION

RESEARCH AND DEVELOPMENT DEPARTNENT * RESEARCH LADORATORIES
e
ks -\;

1600 WEST EIGHT MILE ROAD - FERNDALE, MICHIGAN 48220 ¢ (313) 80-1-6040

-

t

= =Mpe, John-Kekich

EPA
2565 Plymouth Road
Ann Arbor, Michigan 48105

Dear Mr. Kekich:

The results of test PO #A-1138-NMLX are as follows:

Motor 82.23
Research 91.35

Sincerely,

J. B. Hinkamp

JBH:sh

.= November 9, 1979

Attachment F

¢



LN - CoL. -
. S ~ S 1IN 2 v g - . .
. -'.."t.f )

, ﬁ;apfyiiytt?fg; | ,.,;;Q;;jgf. - Attachment G
$ t:’-ai-i’;r " UNITED STATES ENWRONMENTAL F‘ROTECT!ON AGENCY;';. JLeEe

‘r':dvard:;,s.ﬂ-Knxght:,' Bsquxxa

—— -

S VSR Attachaan.. D, a Ie::er fran Dr. Belmu:h Englemn, Profenor of .

- 3. " The applicazzon is nnclear as to the.

WASH]NG“DN.DC 20460

- brrckor ,
A|R. uoue. AND RADIATION:

- Akim;; Gump,., Hauex!:& Feldl:
" 1333 New- Eanpahu'c ’&Vcw :
Snxte loDD 2T

; u' zn reaponu to your apphcatmn for evaluatmn af a: .f.ue
econony rerrofit device. undex: section.511:0f the Energy: ‘Policy: ‘and:
Copservation A.ct' on behalf of' your ch.ent, Good.nan Systen COrparat; :

,.\

A prelunmary analyna of the Goodmn Systm Budel 1800 apphca:m
ha.s bzen tompletéd.. This analysis while. limited in- scope,. has raised®
sevaral questioné. sbout your.clients system and’ :he untmg petformed’on:.
the “60 mnutzs“ test: veh:u:le. o S L

The queatxon araas are hnted below.

- Hzchanxcal Engineering: at Obio State University was oot zncludea in
 the original: apphcauon packagas: . Hr. Georgé: Kutredga of ny: ua:f :
was informed that this letter was acc;den:auy ‘not -inmcluded: in} r.hq :
packet and would -be forwarded. If you have not alteady done - so, plaaae

send this le:ter.

2.“‘ The tcst fuels uaed in :ha before and a:Eter modzfxcatzon testc we:e
different.” 3 The before modification tests wetre. TUn with Shell® Unleaded

~whereas tha modified testing was. rum with ‘Shell‘Super Unleaded.. Why?

The uss..of ‘a higher octane fuel for the. after: uodxfxcatma tast could
This switch

dacrease the tepdency to detounate in the modified engize.-
in rest fudls makes comparisonsé of "before and after” test data difficulr,

_ ginca the differezces in fuel eccnomy and exhaust esissions cannot be
_artributed.oply to tb.e engine modzf;catzons. :

modzfzcatmn: made .to the Fiuta

test vehicle engine. - The "60 Minutes” trapseript meptions diiferent
. putons, LY reworked. head a modified caws shaft, and a cowpression -
ratio increase.  Eagine vanables such as valve timing and cmp'esnon
ratio do heve an effect on vehicle exhaust emasions and fuel economy.
These unapecy.fxed engine modifitations alse. make comparisons nf “before
. and aftex 'test data” ‘almost iapass:.brlee .Bowever, please ask your ~elient
to detsil what engine modifications were. made 20 as to help us to, under—
.srand theix: efforts. ;. . -




.. statedy: are“incoxrc'ctiy applied.:: :
ol model year must: bae ifi"tha context of’ the: ‘fegulations. for which; they
= wers-intended.  Bacause exhauar emissions on:vehiclés Bay: detenou
- over thal meful‘lift-of the vehicles;.: 50,0{)0 ‘miles of. mileagy; srow
. lation-arve: put ‘on durebility: vehicles. to: detcmzne the levsl of de~

':i;ii-_veha.clel is’tested: avery 5,000 miles: and: at each majox ‘majntesand
" point)’ is calculated and the.resolring ml:iphcgt:.ve deterioration:

-. {--in-the. asme; engine ‘family are -then run. to 4,000: milea and. tested.
- identified: as f'data vehicles.” -The results.of: these tests. ar

.,{ff"‘ . '; Percent-af RS

 Baselige "~ -0 ~ _Standard. Hod1fze '_:f’DF”~::7f Standhrﬁ'
BCT .38 Ciyaie: . 7z - - o2l 1,803 120.2;
€O 6.23 9,108~ . 60.7% © . 7926 .  11.5878 77.252.
"NOx  1.52 ' -‘"1 611 - 80.6X © . 1.576: - 1.67 83.5.

5,

o ntandatdrliated :ip-Exhibit Boo A further dnr.r:.ptmn of  this- pESE 3
-+ "can‘be-found:im: Fedexsl Register 86.078~28. .They ‘applicable: deterio: hon
. ‘actors (4K to 5UK niless for :he 1978 Ford ?1esta, 49-::ate nre'-

' Lhe test mileage was 3bove 4000 miles and insufficient data was

" Further testing is requzred before such: a atatement can be made.

* The Ybefore and after".teats were Tun at sxgnifxcnntly d:fferent
 humidity: settings. While this parameter is not specified for proper |
FIP testing, comparxaon testing with large, humzdity differences may

I’he euusnon a:a:.idaxds for:a’

tenorntxod. _The best fit line for: their: exhiaust: enission data (au

factors. (D¥): for BC, TO and NOx are determined, ' Various calibrations

multiplied: by the applicable DF and this -product must be below:tbe

3

xc .y ©0DR --.-_5 BB DE
1 914 BRETE - 1.050 B

‘ﬁdified X Percm

This an.a'lya;g, uaxus DF, shows that the modxfxed version might not
have passed ‘the EC standsrd for 1978 light-duty vehicles. Becauae

presented £o. establish a deterioration factor for tha modified. -

vehicle, the enalysis apphed the. productxon DF to the. test dsta as :
presented. The point here is that the data does pot indicate thag-< N
the vebzcle passed the emission standards as indicated in- Attachment D,

wake the cawpanson diffzcult.
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o - I !he reason why water. xu;nc:;on, by itself 'wxll _impreve: fhel ‘econ—
' my ié¢ dot.explained: in-your application and is- contrary. to most: of
*~ the literature now pudlished about water . mjection. It is agreed:
-thit water. injection will- suppren detonation and therefore will’
~ sllow:modifications-to the. engine which are: ‘tormally. precluded.
. because. of. detonation. * These mod{ficationa, which may-inzlade
t!nbochaxgms or’ supercharging ; higher compression ratioc, advanced)
:park tmmg, .different. valve’ ‘tining. botter: nﬂat.nr, 1::»'.:1:«):'.~
.. spark plugs,aleaner-nixtuze:, or-use of lover octane fueli _g;uill
e:...hez -improve - fuel efonomy and/or performance or. pemit the usa of
loser cost. fuel. Exhibit-A of your application!states that Mthe:
o zngected £luld absorbs beat in'the combustion chamber."” . This:lower
o7 -7 -heat will! zesu‘lt in a smaller. Pressure. rise and lowsr thermal I
.- efficiency in. non-knocking engines.: Accordmg to: mnrt, an Jm-
- provement:in’ power.of up .to' 6% may. be gained. by .water injection
- used on. an engine wiuch uper:.em:cd knock Etzor ta \rater mjec't on

Thy et e Ty e
>, . RN N Tl .
GAPILE e N LAY JBITATN

LT ‘ﬂ:e 1n3¢ction (33 vater into the air inlet. upatzem of the enbn
“wi ‘burstor should Blightly enrichen the fusl/air mixture as’ thers:will
f*v ba. lesa oxygen in the intake.air.. This will cause: lower" fucl et ‘
' . omy.. -Because the' Goodman Bugine System, Model’ 1800, appears. to
- contradict these theories, a more complate explination- is neade
£°acrzb1ug why the. wu:er anection aluna inprcveshfuel econany.

T RN

»

B -...;

;7. As ia sny teatmg, there :.s wu tent.-to-teat varnbxhty duc :o
. both the vehicla and:the test aguipment.” Because:o0%. the: +5 to 10X
varigtion id results; of cold start FT? teatisg;. duplxcate or.tri= s
plicate test:s are usuelly run. The tests run on: yonr vahicle: were ..
siugle tests with a 6 1/2 month interval betwean tests, .Based on. -
these two tests, the coafidence with which a. 7z fncrease. in fuel &

economy CAR be c‘a:ned is very low.v

hr e 1RRH

Ik
o

T

1
1]

T

8. . The :7pe of aa:x—freeze to be added to the water: for 0peratxon in.
cold smbien? conditions was mot apecified.. Please ask your .clieat? N
to desexibe ’he type and recommended manufhcturer of this anti-: ?,4?7

freose, .

9. - The 2mount of vstez xnjected by the. Goodman Syatems Hodel 1800 de=
vice waa no* apacifxed. Please ask your: clzent to. provxde us. ﬂltﬁ

the pound vate*/pound iuel ratio.

X

PO 952

14

iﬂ. Becauaa ot the above mentioned problen areaa WIth the devica des-

b ad
%
*r

2y
x

Bystems Yodel -1800 device be inatalled on an EPA supplied teat. vehxcle
and tested Bt tha EPA Hotor Vehicle Emissions Lsboratory i Ann Azbozy
Michigan.  This will allow the EPA to:expeditivusly eveluatu youx. .
device. The following test schedule is proposed. Please ask youx .
_elient to corment oa. the teatxng acenario. If it is acceptable,. pleaoe
ask him to contact Mr, Butchins of my staff to coordinats :eatiqg dates.
‘Bis telephone pusber is (313) 668-4340). e

g ; ""V".M;'f:-:’"‘;!“’ L!m‘ﬂ.@.“lﬁ:” AP




TautVeb:,cle ¥ Ford . F_ié.fatﬁa‘ i

"+ Bawelime Testing:.: FIE HFRT.(th

ceate

Isstallation of Device:

-----

" Modified Testing: FIP, RPET(two times). i . i.

s g (o watex)r . FIP, EFET (two, Eines):
- ¥ Goodsian Systems. Nodel.i800 to ba'installed per installation fnstwic:
= tion (Exhibit:B).  Xo.other modifications will-be made:to the VeHicly

--2 " Complete: testing of:the device according toithis. scenario wonld

require about: ong week after completion: of baseline testing which;cou
be pérformed prigr to yout arrival if sp desired. “The total-cost of:
‘this. testing would be sbsorbed by:the EPA. Becaise of other high: prio-
fity projects, sdvance icheduling is required. - Upon proper resolution,
6f the sbove mentioned:problems.areas aad completion of’the. testingi.d
i3 hoped that.a final EPA evaluation-Eas be arrived at expeditioualy. nif..

2

* Sincersly yourz, . 7
Ry 3

Ly oA,
Michael P. Walsh. -

_ Deputy. Asxistant Adniniatrator;'. R
* ‘for Mobile Source Air Pollution Cenfrel . ... ..

ce: Mitchell sa:ck'g S
R. D. Folsom S o T S
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B Mr. Edward 5. Knight, Esguire
- Adkin, Gump, Hauer, and Feld
*. 1333 New Hamsphire Avenue, N.W.

Suite 400

. Washington, D.C. 20036

.Dear Mr. Knight:

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

‘testing of the Goodman System Model 100 fuel economy retrofit device
. -was completed. Thie testing was performed as part of the EPA
pptional testing pursuant to your “Application for Evaluation of a
- Puel Econowmy 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
. ~yeceived any response to these requests. On October 11, 1979, your .
telephone conversation with Mr. Penninga of my staff indicated that a *
' second “S511 Application" would soon be presented to EPA.

The EPA needs to complete the evalustion 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 im

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

Sincerely yours,

VAN

Michael ?. Walsh
Deputy AssistanL Administrator
for Mobile Source Air Pollution Control

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

-
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O .
Fenninall:
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Mr. Michael P. Walsh 7#»’77 AR

N . e . : o/ /,a/" .
Deputy Assistant Administrator C/"”°Zﬁ) pere
U.S. Envirvonmental Pretection Agency ,_,,,~—~”’~

Washington, D.C. 20460

lovember 6, 1979

Dear Mr, Walsh:

This is in regard to vour letter of September 11, 1979. The following are
answers to the questiouns you posed in the aforementioned letter to
Mr, Ed Knight. .

I. Ve as the inventors did not choose the fuels used for the tests. We were
under the impression that the first fuvel used was Indolene Clear as
specified for the FIP, however, since we were not present for the first
test, we have no way of knowing what fuel was used. At the time of
the second test we were told that the supply cof Indolene Clear was very
short. 1In view of the anticipated mileage we were asked if we would
mind substituting another fuel, such as Super 5hell. We agreced, since
one of cur claims was increased fuel ecoromy on any grade of fuel.
Actually the car tvavelled sone 2300 miles for the "on the rcad" test
at Trareporiation ke :rch Covnter (TRE). VWhen fuel wae necded, it was
driven Inro teown and filled up, & somowhat more true te life situation
than that practiced at the LPA lab in Ann Arter. TIn addition, even
though it was observaed that fucl was being poured from a barrel labeled
Incclone Cleoor, there Is ne proct cf whet is actually in the barrel. In

;¢ case much less than the In

—

i

any evont, “he xj‘uu'} _;;:.‘ of fucl is dn eith

!

N . . o i fod Y N B - ‘~—\
doelene Clomy. vhicn is 08 20N gome 4 or 5 BON nuwmbers higher than the
vorc o hegr onubhlaicls cnsiionte Juel, and almoct J0 Tull voint haoher thon

. i '
1 A - |
1 coenodne medid . Toons Jellonas

4. The pistons were repiaced with a set of Aviss forged units having
a shallouver coulnation chamber to rvaise the compression ratic to

¢ neceseary exhaust valve clearance
wis necesssry to recess the cxhoaust
valve ince the ovlinder head appronimately 100", During the
course of development, soveral ca ﬁaha1te were tried; both more or
lrss aggressive an thedir action.  During the experimentation, the
original comainit was s0ld to a customer of the shop. When it was
determined that the oririnal camshaft was very nearly ideal for '
the speed range uscd, o rcp!atumuxr wias obtained. There were no
Ficunta part nucher canshafts ava ble, so a lord replaccment f{or
a co Minto or Copri wos jﬂhl"LIO(u

a measured 12:0 to 1. To get the

at that commresaion racio, 1t

bt ' [;-' \l - '"‘ ]
o o -7 ey MIEPY2EGET
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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 comshafts somctimes wore
prematurely and the Fiesta lobes were made somewhat wider to give
more bearing crea. 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 NOx, cc it was disconnected. The carburetor jetting remained
tue sane,

Consider also that the "60 Minutes" transcript was the result of
many houre of filming, and was not intended to be a technical

discussion, nor was it in any wasy edited by the inventors.

projection as to the future emission levels is just that, a pro-

:ion and nothing more. Hewever, in our defeunse:

The only area of real concern is HC, which is the easiest to
climinate by carburetor and/or timing adjustment and is easily checked
bv equipment that is available at the average dealership. Also,
the report by TRC mentions that the engine was over heating during
tlie acceleration runs. What they did not mention is the cngine
was run acv full throttle until it became so hot the stasier would
not cranl the motor until it was ceoled. After the cmissious testh
and the acceleration runs, but prior to the “ou the track' mileage
tests, the pistons were reploced with another cer with new rings.
The eylinder block was not relored, nor were any valves replaced.
Since thatr tiwe the car has been driven about 25,000 miles and

il ceonarengion hao heen so low as o not require the addition of
apy ¢i1l hotween changes wbich are done at akout 5,000 miles. During
hia irme. vhie o has hooy used fov =one cerxoconded bigh ape trine
GEow T e ey res G o i 0 s ins b e e versl tost “

- . R : <, v e covte
rons S fonori it endg Foadve S0 v then a2 car s novmo!

1

subjected Lo crpoecially in velowien to the 1P for accumulation o
50,000 mites. The spark nlugs, a standard bogch part, were
cheneed at appvonivaotely 24,000 wiles and the valves have been
adjusted once. Licept for changing the oil and water filters as
vell as cliuemdne Uhe water Injectiva notzle at about 20,000 wmiles,
there had beon no other maintenance at all indicating at least a
non-compliicated 1ife. So, since hydrocarbons are a results of
gencrally coither urhurned gasoline due to » loss of engine "tune',
cr as a result of ecngine wear causing cxcessive o0il consumption,

we feel confident that the long term HC emissions will not be a
problem, cspecially in view of Dr. Fngleman's statement that "if
anything. the life of components eunosed to combustion should be
longers due to the cooler running”. In my personal experience

in the avtometive e ilding werld, it seems that one of the first
paris of the culoddon conrvel svatem to Toil is the FGR valve,
usuallv in the closod position which resulta in improved performiance
oad mileane for ihie consumey, 50 as a rosuit, it is alwost never

repriveds  Seill owe must aerce, Tuvther tesring shiould be done,
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—-since the TRC tests were the fi

3 o0f 5

rs.

time the car had been tested,

so unless we are willing to assume that the optimum settings were
found oa the first atLempt, these results should be improved with

further refinement. - -,

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 temperatur
constantly changing from day to day,
the weather is beyond even the legis
they have been missing a sure way to

some studies such as "Water
Engines' done in Octeber 1974

There are
Tonition

e, etc., since these things are
we must assume that the -control
lative powers of Congress, or
get re-clected.

r Tuduction Studies In Spark
5 by Moffitt & Lestz for the

of

DOD (DOD #AFRL-46-AD-A003332) that indicate that under some conditions

of leoad with inferior
engines that were not
studies done on water

audibly detona

the bounds of emission controls, so
about the effecis on emissions: In
Mr. Lestz and others, it has become

and uniform atomization of the water
excczsive HC and CO is to be avoided.
accepted fact,
and temnm
occur at or near TDC,
The action of the water is
post thc intzke valve
, the density of

s veducced,  Just after imond
sCu 100 calories pey grem oud at ¢
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As for Mr. Obort:
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detonating, since cve

It is
cngine that is

cause complete engine failure o A v
no power duc to a lack ol an engine.
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folld

ting. Unfortunately, most of

that we have little irformation

fuel improvements of up to 20% have been found in
the

addition to gasoline engines have been done outside

my talks with Professor Englenan,

clear that the accurate contrel
is essential if the problem of
The reduction of NOx is an

ittle or no useful power output.
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The injection of water in liquid, for the amount that we are using
(i.e.: 3 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 stoichiometric, 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 injectioun 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 conly 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, etc., 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 good starr for
what we have had to start with.

Two things. One, we had some trcuble 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 inm 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 ccil which

is onlvy 5 watts. A simple adjustuent to the intake preheat air box has
since cured the trouble, otherwis: the suburban cycle should have shown
a gain scmewhere between the 157 a&nd thic 7.2% shown for the uvrban and

highway cycles respectively., As for the asccuracy of the indicated gain,
it was the vesult of testings per SAE Fuel Economy Measurement Road Test
Preoccdure — SAL JL0E2z2 which iz cutlined im the TRC rveport. DNote that the
test veguires that tvo consecutive runs be moade within 2% fuel econcmy

and tine. (Weter This rest was done by neasuving the gos in the way

ve buay it. IE dn the I mLonsl by ocounting carboen waloon!? in

Lo Cmatusy TovoT Cloneomentied, onen thouth the mlitonnd

b Uho enriea balance .:;;. SoaTeslter oaerare going comething

on the order of 137 - i rpg to 34.05 mpg.)

Yor whavever it is worth, in day to day driving fouv 5,000 miles before
the engine was modified, the cumulative average was just cover 33 mpg.
Since the nmodificaticns. the mileage under the same conditions with the
same general routes awd drivers has avcraged about 43 mpg. In the
Popular Science test, Ray Hill reports a 41 mpg average, including
several acceleratiorn rune znd crossing the mountains in and out of the
Shandoah Valley twice with three people and lugzage. (Novewber, 1479
issue) Mother Earth News tester David Schoonmaker reported 51 mpg under
somewhat less brutal driving with only two passengers.
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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 1is
done to the system. Generally, just allowing the car to sit for-a few
minutes with the engine running will thaw the system. Incidentally,
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 critical 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. In
our average driving, the water consumption is about 5% of the fuel
consumntion. 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:

- /’
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Leanice M. Smith
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Attachment K
Page 1 of 3

. THE OHIO STATE UNIVERSITY.
August 22, 1979

r. T. P. Goodman
Goodman Engine, Inc.
685 N. Loudoun Street
Wirichester, Va, 22601

Dear Pat:

You had asked thet I putv in writing the rezsons for.
ny enthusiasm for the modifications you made to improve
fuel uileege of the Tord Fiesta shown on "60 Minutes."
Please fcel frece to show this explanation to anyone who
nay te interestesd. '

I am enclosing some Tvages from a report cn which I
was co-cuthor in 194%, still in some libraries as NACA
Wartime Report No. E-20, and a page which is part of the
supplementary notes I hanc out in my cource here at the
Ohio State University, lMechaniczl Engineering 63GC, Inter- "
nal Combustion Englne and have been using since 1273.

I would describe your system as the addition of a

fully medulating water injection syctnm which incorperates
an atonizing air pump, and otherwise no additional parss
except that some enginec might be ¢mprovsd fo}'% :ub:titutb
parts to fully exploit the water injeciicn. By this I
mean ‘the paris substitutions incorvorated in the Fiesta.

The grect venefit of water injzction is its function
ag an intern2l ccolant, which has two exiremely imperiant
SR SE o

) Iulwcd e Joel

2) It wedooes L .

The .cooling effect of the water is shown in Figure
11 o *the FACA Report. The mean effective gas temperature
is used in heat Tronsfer calculations to predict engine
temperaturcs at zlvitude, etc. The drop in me:sn effective
tewperature is primarily the result of lower temperature
at the end of comhustion; the effect during the compres-

sion stroke is <uhnr trivial. It is the cooling during
and aftcr combustion which provides both the anti-knock
efifect and the reduced Nitrogen Oxide emission.

The actual benefit in a specific engine-vehicle com-
bination will deﬂc"d cn number of details: Compression

o
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Mr. T. P. Goodman Avgust 22, 1979

ratio, cam profiles, carburetion, transmission, and the
torque converter (if any) match. Vithout any changes at
all except the addition of the water injection system, it
is doudbtful that much mileag®e change would be noted, but

I mus$-a2dd here that the, R-2600 engine covered in the NACA-
Report improved about 2 per cent thh fine water spray at
the intake ports, and lost as much as 7 per cent with the
water enterlng the supercharger inlet from a 3/8-inch tube.

Based on this experience, I consider the fine atom-
ization of your system essential. There may be some bene-
fit to mileage if the mist is vaporized by a manifold hot-

spot, but that po eiopility is one I would like 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 available todav. Originally
designed and built for 100 ROW premium gasoline, theseg
are running with reta dCouWan ané resulting poor mileage.
With water injection, the timing could be resiored to op-
timum with substantial improvement. In adédition, the NOX
emissions would drop substantially. : "

Another category in which substantial improvement is.
possible 1s in engines hzaving an acceleration-retard in

the vecuum advance circuit. The water injection system as
2 suvstitute for the acceleration retard would bte more ef--
fQCulV& in reducing tnc HOY emission (purpcse of the accel-
etard) anue would improve Toth mllcase ann¢ accelieration.

Acc :lerztion and fvll-load fuel-zir ratio on such engines
could be set leaner, redueing the carbon monoxicde and un-
burned hyiracarbvon emiseione as well as further improving
the mllicezze.

I @ Jo
ane o reQuiro he water in WCCWLD“
O run on regulaxr gasol 1ne, and the NOX
c ts earlier level., -

It is conceivable to me thet we may be forced to con-
sider increasxng the yield 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 opinicon, the fine modulation of the amount of
water injected is a rather important feature of your system.
For best eflficiency, it is desirable to kxeep combustion
temperzature from becoming too low., If there is .too much
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quenching (due *to coocling) combustion is slow and less
work is done on the piston, and in the extreme, misfires
may result, giving poorer mileage in either case, and a
large increase in hydrocarbon emission in the case of the
misfire. It is z.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, hzving been bdburned, and reduces the flame tenpera-
ture. It is a large fraction of the dburning charge at
pert throttle, and so provides considerable cooling effect.
At full throttle, it is a much smaller fraction of 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
he highest for z2ny given engine rpm at wide open throttle
and should TAPER OFF to zero water flow at some part-throttle
value of manifold vacuum or other parameter. Yours is

the only system I am awere of which incorpecrates this
full modulation. :

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 differernces between various systems become impor-
tant. I regard the full modulation of the water flow rate’
which you havc incorporated, and the atomization ycu are
using, as impcrtant features. From my own experience in
engine testing with water injection, I know <These meke 2a
Gifference in how an enzine runs,

I trust that the foregoing is a2 seatisfactory exrlane~-
tion of what your system does to provide the results we
have seen. If it is nov, I would be heppy to expound. I
hasten *to cdd thzt an engine is thermod:rumvC¢11» even

> cowtliceiad than it is wecharically, and such exio
Sevaa ta'ze tiwe Teur svsienm igs rtaced on sound
el piaciviens oo Towill mladl my beast to

L0 1 < e :ilea\ cmicnions




