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Billing Code 6560-01 

ENVIRONMENTAL PROTECTION AGENCY 

[40 CFR Part 6101 

FUEL ECONOMY RETROFIT DEVICES 

Anbouncement of Fuel Economy Retrofit Device Evaluation 

fob "Goodman Engine System, Model 1800." 

AGENCY: Envirbnmental Protection Agency (EPA). 

ACTION: Noticie of Fuel Economy Retrofit Device Evaluation. 

SUMXARY: This [document announces the conclusions of the EPA evaluation of the 

Goodman Engine :Systern, Model 1800 under the provisions of Section 511 of the 

:,:otor Vehicle Lnfomation and Cost Savings Act. 

FOR FURTHER INF/ORMATIOK CONTACT: F. Peter Hutchins, Emission Control Tech- 
I 

nology D-ivisio+, Office of Mobile Source Air Pollution Control, Environmental 

Protection A'ency, e' 2565 Plymouth Road, Ann Arbor, Michigan 48105, 

313-669-4340. ; 
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SUMMARY OF EVALUATION: The overall conclusion of this report is that the / 

Goodman Engine System, Model 1800 device does not have any significant effect 

on regulated emissions or fuel economy. A small reduction in Nitrous Oxides 

(NOx)exhaust emissions on the Federal Highway Fuel Economy Test Procedure 

(HFET) was noted. . . ._ _ _ 

The Columbia Bkoadcasting System (CBS) data generated at the Transporation 

Research Centerj cannot be used to evaluate the Goodman Engine System Model . 

1800 device belcause too many extraneous variables such as altered timing, 

higher compressjion ratio, different camshaft, different test fuels, and 13,000 

miles between the "before and after" tests were introduced to make comparative 

analysis possible. The Environmental Protection Agency data was run on a 

suitable test v)ehicle with available unleaded fuel. The Goodman Engiae System 

Model 1800 devi ce was judged by the inventor to be operating properly during 

the'EPA testind. 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 pause emisskon of any non-regulated emissions. It is suggested 

that future iqstallation instructions specify the type of antifreeze to be 

used in the dehrice. Several antifreeze compounds such as ethylene-glycol are 

known to causeiengine damage. 

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

developed water injection system. However, no significant improvement in fuel 

economy was noted. 
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EPA Ev/aluation of "Goodman Engine System, Model 1800" 
Under Section1 511 of the Motor Vehicle Information and Cost Savings Act 

The following is a summary of the information on the device as supplied by the 
applicant and t b e resulting EPA analysis and conclusions. 

1. 

2. 

3. 

4. 

Marketing IIdentification of the Device: Goodman Engine System, Model 
1800 / -. 

Inventor o/f the Device and Patents: The inventor of the device is 
Toronta P Goodman, P.O. Box 4, Summitt Point, West Virginia 25446. 
While no 

7 
'atent number has yet been granted an application for a patent, 

Serial No./ 64373, has been made. 

Manufacturer of the Device: 
I 

Goodman S stem Corporation 
P.O. Box 4 
Summitt Pdint, West Virginia 25446 

Manufacturing Organizations Principals: 
I 

Mitchell Sachs 
Toronta P-i Goodman 

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

5. Marketing/Organization in U.S. Making Application: 
I 

Akin, Gump, Haver & Feld* 
Suite 4001 

Avenue, N.W. 
20036 

6. Identity Qf Applicant : 

Edward S. /Knight, Esquire 
Akin, Gum', Haver & Feld* 
1333 New ! ampshire Avenue, N.W. 
Washington, D.C. 20036 

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

"An inje 
water or 
to a flc 
reservoi 
supplies 
injectio, 
the pres 
ponsive 
injected 
detonati 
ciency." 

8: Claimed 

"The Got 
jority 0 
bustion 
pump whi . I.e., a 
by vehic 
ignition 
tence of 
place tc 

9. Device I 

See Atta 

10. Device M 

"Proper 
require 

a. Ref 
add 
Put 

C. Add 
ape 

- dia 
al 

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

tion nozzle injects a finely divided spray of fluid, such as 
3 water solution, into the cylinders of the engine in response 

of atomizing air. The nozzle is connected to a fluid supply 
and to the outlet line of an air-injection pump that normally 

jressurized air to the exhaust system of the engine. The air- 
pump provides the supply of atomizing air to the nozzle with 

ure of the air and therefore the fluid injection being res- _. 
o both the engine speed and the exhaust gas pressure. The 
fluid advantageously functions as a cooling agent to suppress 
t and provide smoother engine operation and greater fuel effi- 

bplicability of the Device: 
,. 

aan Engine System, Model 1800, is applicable to the vast ma- 
automobiles and light-duty trucks powered by an internal com- 

lgine and sold in the United States that have an air injection 
1 supplies pressurized air to the exhaust system of the engine, 
nag pump. The device's operation and efficiency is not limited 
z make or model, engine size, carburetion, transmission type or 
:ype. The only specific vehicle requirements are (1) the exis- 
the smog pump and (2) the physical availability of a suitable 
locate the device's nozzle downstream of the air filter." 

itallation, Tools Required, Expertise Required (claimed): 

lment A. 

.ntenance (claimed): 

sintenance of the Goodman Engine System, Model 1800 does not 
pecial skills or tools. The only maintenance is as follows: 

.1 water tank: The water level should be checked and water 
1 if necessary at regular intervals, such as when the operator 
;) gasoline into the vehicle. 

7? the device's nozzle an3 flush iiith ordimry vinegar every 
10 miles: The tools and skills required are those specified . . . 
5vice installation. 

antifreeze to water: During the months of the year when the 
itor would mix antifreeze with the water in the vehicle's ra- 
)r, it is recommended that a mixture of water and antifreeze, at 
L ratio, be utilized in the water tank in lieu of water alone." 
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11. Effects on Vehicle Emission (non-regulated) (claimed): I 

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

12. Safety of; the Device (claimed): I 

"The Good 
cle r 

n Engine System, Model 1800, does not interact with the vehi- 
oper tor during the device's operation and function. It is not, 

thereforei, operator dependant. Even if the device should fail to func- 
tion, suqh malfunction would not result in .any unsafe condition endan- . 
gering the vehicle or its occupants, or person or property in close . 
proximity; to the vehicle. The following are three scenarios encompassing 
the totalbty of possible device malfunctions. 

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

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

b. -The /water container breaks: 

If his situation occurs, and the water is lost, the effect on the 
veh'cle will be the same as that described in (a) above. 

3 
The only 

dif erence, of course, is that the water will be spilt onto the 
groujnd and subsequently will evaporate. 

c . The ihoses leak or become disconnected: 

If t:iis situation should occur, the effect on t?le vehmicle wil.1 be 
the ~ same as t!lat described in (aj above. As inore fully described 
and 'documented in the section on test results, such an occurance 
wil Y not adversely affect the ambient air to any significant de- 
gre4." 

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

a. Transcript and comments pertaining to a "60 Minutes" television 
pro ‘ram 

3 

entitled “Those Crazy Hen in their Driving Machines," 
whi h was broadcast over the CBS Television network on June 10, 
197 . 



b. Testy results prepared for CBS News by the Transportation Research 
Center (TRC) of Ohio entitled "Effects of Engine Modifications on 
FuPllConumption, Emissions and Performance.” 

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

14. Information Gathered by EPA; 

a. 

b’. 

C. 

d. 

e. 

f. 

g* 

h. 

1. 

j. 

A 1979 Ford Fiesta was tested on seven Federal Test Procedures and 
seven Highway Fuel Economy Tests. These tests included 3 baseline 
sequences, 2 sequences with the Goodman Engine System, Model 1800 
oper ting, 

$ 
and two with the Goodman Engine System Model 1800 in- 

stal ed but without fluid in the reservior. A summary of the test 
data' is given in Attachment B. Copies of the original data sheets 
are 'iven in Attachment C. 

f 
SAE /Paper t690018 entitled "Inlet Manifold Water Injection for 
Contkol of Nitrogen Oxides - Theory and Experiment." 

Contract, #DAA D05-72-C-0053, Report #ADA00332 entitled "Water 
Induption Studies in a Military Spark Ignition Engine.' 

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

SAE iPaper by C. H. Hartesveldt - preprinted in 1948 entitled 
"Anti-Detonant Injection." 

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

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

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

VerbiaI discussion with t??e inventor during the week of 9-21-79 as to 
the iGoodman Device. 

EPA 1 letter to Edward S. Knight requesting information about the 
dev'ce and supplied test data (see Attachment G). 

; 
A second letter 

rea .firming the request for information was sent on 1.0-23-79 (see 
_ Attachment H). The answer was supplied by the inventor on 11-6-79 

(see Attachment I). 
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k. 1978iFord Fiesta Deterioration Data (see Attachment E). 
I 

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

15. Analysis: ; 

a* 
The description given in the application 

*i; device supplied by Goodman Systems 
Mr. Goodman, the inventor, stated that 

" does'not require a float bowl fluid reservoir 
and that the height of the reservoir was not critical. He stated 
thatla two (2) foot change in reservoir height would result in only 
an elight (8) percent change in the amount of water injected. He 
further stated that the device, as tested, was the Goodman Engine 
System, Model 1800. 

b. Applicability of the device: The applicability requirements stated 
in the application appear to be correct. I 

C. Device Installation: The installation is straightforward and does 
not tiequire any special skills or tools. The installation instruc- 
tions supplied 
"back-yard" 

in the application adequately enable an average 
mechanic to install the device in less than an hour. 

d. Devibe Maintenance: The maintenance requirements specified in the 
cation appear to be correct. However, because of the proximity 
e reference to engine coolant antifreeze and antifreeze for the 

devite - some statement that the types of antifreeze involved are 
dif 

e. 'Eff 
act 
unr 

f. Saf 
of 

g* - Tes 

1) 

2) 

rent needs to be included. 

ts on Vehicle Emissions (non-regulated): The device, installed 
ding to the installation instructions should have no effect on 
ulated emissions. 

e't -k t 
y of the Device: The statements made about the safety effects 
e device appear to be correct. 

t’ Results SuDDlied bv the Annlicant: 

The transcript of the "60 S!inutes" 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. 

TRC Test Report: This data is summarized in Attachment D. 
There are several problems with this data that do not allow 
extrapolation of the Fuel Economy and Emission improvements to 
all domestic vehicles with air pumps. The problems are noted 
below: 
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a> 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. 

jb) The application for evaluation is unclear as to the modi- 
I fications made to the Fiesta test vehicle engine. The "60 
I Minutes" transcript mentions different pistons, a reworked 

head, a modified cam shaft and a compression ratio in- 
crease. The EPA September 11, 1979 letter 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 neccs- 
sar; exhaust valve clearance at that cor?Fression ratio, i-t 
was necessary to recess the exhaust valve into the cy- 
linder head approximately .lOO inches. During the course 
of development, several camshafts were tried; both more or 
less agressive in their action. During the experi- 
mentation, the original camshaft was sold to a. customer of 
the shop. When it was determined that the original cam- 
shaft was very nearly ideal for the speed range used, a 
replacement was obtained. There were no Fiesta part 
number camshafts available, so a Ford replacement for a cc 
Pinto or Capri was installed. 
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The valve action is so nearly the same as the original 
that the difference is undetectable. The major difference 
is in the width of the lobes, since the Pinto and Capri 
camshafts sometimes wore prematurely and the Fiesta lobes 
were'made somewhat wider to give more bearing area. The 
amount of vacuum advance was increased slightly and the 
mechanical advance was reduced slightly, as is normal when 
increasing the compression ratio. As we will discuss 
later, the effect of the water is such that the timing may 
be adjusted to more optimum conditions of performance and 
emissions than is the usual case. Also, due to the 
cooling effect of the water, the EGR valve is no longer 
required' to suppress the formation of NOx, so it was 
disconnected. The carburetor jetting remained the same." 

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

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

d) No duplicate FTP testing was performed. The variability 
of the vehicle and emission test equipment is significant, 
l.e., on the order of 52. One isolated test at each test 
point gives low confidence in any comparative analysis. 

e> 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. 

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

_ _ fication process are supposed to be representative of the 
production vehicles. The usual equation for fuel economy 
vs. milage accumulation based on thousands of in-use 
vehicles is: 

mpg at (x miles) 

mpg at 4000 miles = .846 + .018 * (In (x miles)) . 

This equation predicts a 1.64% 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. 

s) 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. 

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

The exhaust emission standards given in the application 
while correctly stated, were incorrectly applied. The 
emission standards for a node1 year 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 line for their 



13 

exhaust emission data (each vehicle is tested every 5,000 
miles and at each major maintenance point) is calculated 
and the resulting multiplicative deterioration factors 
(DF) for HC, CO and NOx are determined. Various cali- 
brations in the same engine family are then run to 4,000 
miles and tested (identified as "data vehicles"). The 
results of these tests are multiplied by the applicable DF 
and this product must be below the standards listed in the 
application. A further description of this process can be 
found in Federal Register 86.078-28. The applicable 
deterioration factors (4K to 50K miles) for the 1978 Ford 
Fiesta, 49-state vehicle are: 

HC DF CO DF NOx DF 

1.914 1.462 1.060 

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

Baseline x Percent of Modified x Percent 
Baseline DF Standard Modified DF Standard 

HC .58 1.110 74% .942 1.803 120.2% 
co 6.23 9.108 60.7% 7.926 11.588 77.25% 
NOx 1.52 1.611 80.6% 1.576 1.67 83.5% 

This analysis, using DFs, shows that the modified version 
may not have passed the HC standard for 1978 light-duty 
vehicles. Because the test milage was above 4000 miles 
and insufficient data was presented to establish a deter- 
ioration factor for the modified vehicle, the analysis 
applied the production DF to the test data as presented. 
The point here is that the data does not indicate that the 
vehicle passed the emission standardsas 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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h. The Information Gathered by EPA 

1) The MVEL Test Data: The Goodman device was installed by its 
inventor, Mr. Goodman. Proper operation was confirmed by 
running the vehicle for 10 minutes at 50 mph and measuring the 
water consumed. Mr. Goodman said that a quart of fuel would be 
used in this 10 minute interval. If properly operating, the 
Goodman System would have injected water at a rate equal to 5% 
of the fuel consumed. The water used was replaced with water 
from a 25cc graduated cylinder. The total fluid consumed in 
the 10 minute test period was 1.69 fluid ounces or 5.28% of the 
fuel consumed. This 5% expected flow rate was reconfirmed in 
Mr. Goodman's November 6, 1979 letter. Therefore it appears 
that the Goodman System Model 1800 device was properly in- 
stalled and functioning correctly during the MVEL testing. Mr. 
Goodman sta,ted 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 H20. 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 2.24% 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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Location Shell 
Average for all Unleaded 

Fuel Sampled 

Albuquerque 91.8 
Atlanta 96.1 
Baltimore 94.3 
Billings None 
Boston 95.8 
Chicago 92.6 
Cleveland 95.0 
Detroit 92.2 

91.0 
93.2 
91.3 
90.7 
93.1 
92.1 
92.4 
92.5 

16. 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-MYEL 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 KOx on the HFET cycle does suggest some promise for a 
bdtter developed water injection system. However, no signi$icact 
Li;!proVe:nerlt in fuel economy was noted. 
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Installation Instructions 
for the 

GOODMAN ENGINE SYSTEM 
MODEL ,180O I -' . :: e . . 

1. Locate the-air-injection pump (Fig. 1, No. 20). 

intake hose (Fig. 1, No. 32) and output hose (Fig.1, 

The intake hose will'either have its own air cleaner 
. 

Identify 

No-. '26) . 

or will 

.’ 

share one with the engin e air cleaner (Fig.l,.No. 36). The output. l 

._ hose goes from the air- injection pump through a valve (Fig. 1, Ns,,31) 

that regulates air flow to a distribution manifold (Fig. 1, No. 16). 

Although the valve on some vehicles is built directly into the 

air-injection pump and the distribution manifold is part of 

cylinher head, the basic layout and operation is identical. 

L/ 'Tap into'the air pressure line (Fig. 1, No. 26) between the 

the 

control valve (Fig., 1 No. 24) and the anti-backfire valve (Fig.1, 

No. 31). To do this take part No. 44 '(Fig. 2) and insert it into 

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

*. 

3. Remove the top of the engine air cleaner 

fluid injection nozzle, Part No. 34 (See Figs 

(Fig.1, No. 36)'. The 

. 4 & 5), must be 

positioned so that the fluid spray will be evenly divided among 

the cylinders. Utilize the below listed applications for the 

following carburetor configurations: 

(1) SINGLE-BARREL CmmXTOR: 

. _. Position the fluid injection nozzle at the lower 
--y side of the chock plate, as close' to the center 

as- possible. 

(2) TWO-EARREL, SINGLE CARBURETOR: --.-.--. - *- - _ -=-. - -- _ -. -- 
With both barrels open at the same time, position 



A.-. 
.- _-... 

I -- -_.- 
-..--- -..1 .A ----.--. -18 . - .-- --- ^. - .._-..* .--.. .-. -&mm, 

, 

2of4. . 

. . 

4. 

(3) 

(4) 

55) 

-. 

. , -_. ’ 

(6) 

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

. 
TWD-BARREL OR SINGLE-B&EL CARBURETOR WITH A PRIr.mm 
AND SECONBARY THROTTLE OPENING .*'. - 

Position the fluid injection nozzle at the 
-primary side of the 'carburator -- usually 

the side nearest to the engine.(This configurktion 
is generally found on imports such as the Capri, 
Fiat, Fiesta and Pinto). 

FOUR-BARREL, SINGLE CARBURETOR 

'Position the fluid injection nozzle at the 
center of the primary side. 

TWO OR MORE CARBURETORS, SINGLE BARREL EACH 

r- 

Unless all carburetors are fed from a common air 
box that lends itselfto an anpropriate placement 

, of the fluid injection nozzle so that it can be 
-positioned without the fluid spray impacting the 

TWO 

side or favoring one carburetor, position each 
fluid injection nozzle at the center of each 
carburetor. . 

OR MORE CARBURETORS WITH TWO OR MORE BARRELS 

Same installation as snecified in (5), with fluid 
injection nozzle posit?.oned over the primary side 
unless all barrels open at the same time. If this 
is so, a separate fluid injectionnozzle must be 
utilized 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 nozzleappiication 

by following the procedures indicated in STEP 3, remove the 

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

. . --- % mm.. A. '. -qs - 2 - - -- ..’ 

-. .* --- . . . ‘A _- -.,.. -- - -. 

-. 

. 
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top of the engine air cleaner. Drill a.3/4 inch hole in the top 

i the engine air cleaner in the appropriate position for the 

fluid injection nozzle as deteded by the procedures in STEP 3. . 
0.. ., 4 

:-. . . . 

. 

5. Insert fluid injection nozzle into the hole drilled in the :' - 

top of the engine air cleaner. Check for proper placement of *. 
fluid injection nozzle as specified in STEP 3, If the hole-has 

been misplaced,' a patch kit will be supplied and's new hole can 

be drilled. Press retaining washer. - .' t 

6. Install fluid storage container in engine compartment using 

brackets provided. The fluid storage container may be placed 

anywhere in the 

“jntainer is at 

nozzle, but not 

engine compartment so long as the top of the 

least three inchesbelow -the fluid injection 

lower than eighteen inches. 

7. Connect Hose No. 40 (Fig. 1) to the bottom fitting of the 

fluid storage container. Place 

on the opposite end of Hose No. 

to the top fitting on the fluid 

the non-spring loaded, one-way valve 

40. Connect this end of Hose No. 40 

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). 
.a. . - . 
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9: Examine the,installation to ensure proper aiplication. Make 
,r--\ I that no5.F pf the hoses are crimped'or interfere with any of the .- _ 'L, . i. \ . .?. F':::. . 'i 

- engine's' m+ng parts. 
. 

If flu+.d, injection nozzle' does not fit . 4 
snugly, seal'with a.small bead of"konventional silicone sealant. 

i : . .' 

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

will fall near or bellow 32O F, add antifreeze in a 1:l ratio. 

,.-. 
. 

. 

-_ 

-4. 



Attachment B 
Pdge 1 of 2 

Goodman Engine System Model 1800 
EPA Testing Summary 

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 4.4. 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 hi 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 1.31 26.55 
Percent (+)5.61% (+)lZ% (-)2.24% (+)1.22% 
Change 
C. With Goodman Engine System Model 1800 Installed but no Fluid in Rekefvoir 

g-20-79 .29 4.4 1.49 27.0 
9-21-79 .32 4.3 1.48 26.9 

Average .305 
?ercent (+)0.66% 
Change/Baseline 
';‘2rc2nt (-)4.69% 
-kange/Part B 

4.35 1.485 26.95 
(+)4.32% (+)10.82% (+)2.74% 

(-)5.43% (+)13.36 (+)1.50% 
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Attachment B 
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.- 

II. Highway Fuel Economy Test 

A. Baseline Data 

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 
Std. Dev. 
s Tm 

.06 .23 
0.0 .058 
0.0% 24.7%* 

2.173 38.47 
,025 .15 

1.16% .39% 

. 

B. With Goodman Engine System Model 1800 Installed and Operating 

g-18-79 .06 .2 1.86 38.5 
9-19-79 .06 .2 2.00 39.0 

Average '.06 1.93 38.75 
Percent 0.0% (-)13:& (-)5.146% (+).73% 
Change 

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

g-20-79 .06 .2 2.23 38.8 
9-21-79 .06 .2 2.29 39.0 

Average .06 .2 2.26 38.9 
Percent 0.0% (+)13.0%* (+)4.0% (+)1.12% 
Change/Baseline 
Percent 0.0% 0.0% (+)17.1% (+)0.387% 
Change/Part B 

* Extremely low numbers make comparative analysis questionable. 
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. OYNO S1TE:O207 KS7 # 79-9097 
-------------------_-------------------- 

1 1’i79 LlGhl OlllY VEH!cLF ANALYSIS I PRoCES5EOt i5:30~01 SEP 13. I979 

l 
MFW. nr.1. tWllvdLF~dT ACIUAL OVEH- ,-------- TES, ,ypE ------s-, 

VEW- REP. RUN. RETEST H.P. 
VEHlCLE 1.0. 

TCST IlYNU WANS. ImIVE EXPERIMENlAL 
SION EVAP INIT. CHG. CODE ACHP N~TH. 

30 GCFt3WE34449 
wEtwIt f4.r. CoNf6. Gout: /------ TEST PUOCEOunE -----4 

0 2000 7.3 CVS I5-LATLH 

l DRIVE MEA5UWO 
CURD AXLE AXLE I--- IGNITION TIMINb ---, ,---..- R l-0 L----/ IDLE 50AK COA57OOdN 

0 
PREP DATE WEIGHT UEIbHl GAUGE MEAWuF rll #2 RPM GE AR Lt.Fl HIGIlT COHtl RPM GEAR PEtJlOO TIYE 

ECIPTY 

0 
/- AMBIENT TEST CONDITlOhtS - / 

BAR0 WET DilY cvs 
WC BULB HULH UNITS UN11 

a 
28.99 63.7 71.6 f 27C 

ACTUAC 
DYNO 

. TEST DATE tiR. SITE 
lkE1(1 IA INUlChTtO nvu TIW NOX Rfl.A71V/c: 
SETTING UYPIU H.P. H.P. OrKl\l. PHiSSUHE FACTOR HUMlnITY ALOEhYUES 

9-13-79 10 D207 ZJOO s.3 2239.0 45.00 1.0127 65.2 
. BAG 1 3.602 MILES 5.791 d3YV. RULL KM @FVS. VHIX- 27Y7.0 Cu.Fl. 

SITE NAZI5 EXHAUST SAWLE RACKGRUUY~) SAMPLE CIWHFCIFI) 

0 
RANGE MElfti CUNC. RbiNbt ut IEt4 CUNC. COrlCf)u14~7loNS 

M-F ID 1s 48.11 72.13 I5 Z.h 3.tr7 hH.Sl PFW 
NUX-CHEH 16 57.1 5a.2fi IO 1). I Il. I I SH.16 rrt4 
co2 23 0 co I8 35.3 o.n3,6 2'3 2.0 U.OC? 9. 0.7Y7 

Q At 2 3.905 MILE5 b.294 76.1 nfl 37Y.71 1H 0.0 0.0 JIY.II rr'l 

. SITE MA715 
YlO*. ROLL HFVS. ‘fMIX= 4741.4 W.fT. 

EXHAUST SAdPLt HACnGH(I~JW SA’4PI.F Cw2dEC1f-O 
RANGE HE1F.W CONC. HANGE HE 1 Eel cow. CoNCENT~trTlOh(5 

0 
HC-FID ::: 14.3 lU.55 14 4.9 3.hU I.11 rl-r 
#OX-CHEM 39.5 llJ.ucI IS 0 . .3 O.llh 9.9i rrbj 
co2 73 2b.0 o.sv5 23 1 .‘f 0.04u 0.557 A 
co I7 39.3 Yh.34 17 

0 
O.ll 0.0 06. .i4 PPN 

BAG J 3.581 MILES 5.763 rH d.i49. ROLL Rt-VS. VYIA= 2764.0 Cu.FT. 

0 
SITE 4A21S EXHAUST 34WLF I~ACKGWOUNO SAHJ’LE CUWECTEO 

RANGE Mt. lf d CUNC. UANGF t-It TEW CONC. CONCENTRATIONS 
M-F10 

NOX-CtiEH tz 
22.8 lb.P7 14 4.9 3.60 13.w PPH 
79.3 3’3.72 I’, u.2 

0 co2 23 
0.10 3Y .hJ PPCI 

32.Y (I.772 23 1.9 0.040 II. I.75 * 
co 17 27.1 66.0Y 17 0.0 0 .o VP* fi6.W 

l UEIGdTEO VALUES kc Cl1 CU.? NOX 
GRAMSIMILE ‘0.30 ‘1.5 xv. I.31 

8EFORE ROUNOlt+G 0.2990 4.474 323.72 
0 GRAMS/KH 

I .3130 
O.ldb 2.78 204. O.HC 

BEFOHE ROUNDING O.lb583 Z.TROZ ZO~.26 O.Hl’v4 

0 

COMMENTS: FIESTA TESTING OF GOUDY~N MODEL l*OO I)CVICE 

4, SPECIAL SkIIF SPttOS nF IO-20~0 

0 

! ‘-’ 
l-110 n 

DILUTION FACTS = 
HAS5 ;M,S5,0N:5’20n 

6NF. bY5/HI bHS/KM 
3.13 O.tcbV o.s40 
@.YZ c.417 I .53Y 

II%.Y’r wu.501 lY9.150 
J5.01 9.720 6.040 

OILUTION FACTOR = 22.137. 
MA‘,S EMISSIONS 

GMS. LMS/M! GHWKM 
f-t.% Il.141 o.uen 
2.58 O.hhl 0.411 

13h7.74 350.2h4 217;656 
15.Ob 3.H5H 2. JY7 

DILUIII~N FACTOR = 17.171 
MASS EMISSIONS 

GHS. 6MS/MI GHS/hH 
0.61 0.170 0.106 
b.01 1.67H I.642 

1051.89 293.7ss lH7.531 
6.02 I .hd2 . 1.w5 

MPG 
ldtIGH1El1 VACUtS 26.3 

26.3131 
72-7s FIP 25.5 

25.4YZY 
WlYE 1GHTElJ FTP Z6.6 

26. fblb 

AUX l AUX. Al!X. 

f IELOI flELO2 COOE 

MPG KPL L/lOOW 
26.2 11.14 9.0 

AUX. AIJX. AIJX. 
FIELUI FIELD2 COOE 

UPC, KPL l./lOOK'( 
24.9 10.57 9.5 

AUX. AUX. AlJX. 
FIF.LDl FIELD2 cnoE 

MPG KPL L/10004 
,: 29.9 12.70 7.9 

KPL IJlllOMM 
11.2 n.0 
11.2113 R.9195 
10.8 9.2 
10.~381 9.2266 
11.4 A.6 
Il.3775 8.7892 
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1 n UVNO SlTEIt~207 TEST f4 Iv-YtlY 1 I I979 LIGHT DUTY VEHICLE ANALYSIS t PROCESSrOl lslo7rsA SEC II* 1979 

d ,I, I,. ALl. ~~JuJvALENT ACTUAL OVEH- ,------w-- ,ES, ,YPE --w----w/ 

,-NR. VF u- vt 6’. WII”I. Pf. 1ts1 H.P. 1t-ST DYNO lW4US. DRIVE EXPERIMENTAL 

I fwx VtHJCLE I.D. SIUN EVAP INIT. CHG. COVE ACHW Mflti. WEIGHT H.P. CONFG. CODE /------ TEST PROCEOURE ------/ 
’ 30 GCFHkE34449 0 2000 7.3 CVS 7%LATER 

e 
WIVE UEASURED 

CUQfJ PhLt 4XLE /--- J(,NIIIOtI TJHJNG ---/ /------ Z CO ------/’ IDLE SOAK COASToOuN 
PREP DATE UElCHl dE IWiT MtASUHF. 61 IL RPH GE4R LEFT RIGHT COW RPM GEAR PERIOD TIME 

/- AMWJEttl TEST CCJNOITICWS - / 

0 
RAP0 YET U”f CV’, 
‘WG BULb WLY IJNJ rS UN,l 1 
29.26 63.0 71.0 F i lc. 

ACTUAL 

TEST DATE HP ::‘:E” 
IFlE*lln IWICA~CI) ovu TIGE NOX RELATIVE 

0 
JO* Di’O7 

5tTrJw ,,,~iO F.P. H.P. ODOY. PWES5uRE FACTOR HUHlDJlY 4LDEHyOES 
9-11-79 7000 5.J 2151.6 45.00 0.9974 64.4 

0 MAC I 3.585 HJLES 5.770 KM hJ5Y. 
SITE rA%lS FXHAIIS~ SAMPLC 

RANGE MlEfl COhC. 

e 
MC-F ID 15 4V.6 7Q.54 
110X-CHEH 16 Sh.V 5q.nh 
co2 23 34.4 U.H/l 

c., co 19 7H.V 3Vl.lk 

WLL dFV5. VHIX- 2854.0 CU.Fl. 
I~ACK~,~~VLIN~J SAMI’Lt CvwwEc7Ell 

WANGif Mf-1EW COMC. CONCENl~4lIONS 
15 Z.h 0.17 70.65 PI”4 
I6 0.2 0.21 57.86 PPM 
23 2.2 U.O’rh 0.779 * 
IH 0.1 0.47 390.74 PPH 

,:,AG 2 3.821 MILFS 6.150 *H 610 I ,I . “(ILL +iFv\. vt41x= 479H.0 CIJ.fl. 

i Q SITE #A?15 F#WAUST SAWLt HACKWWUNO SAMPLL CoWHtCTLLl 

I 

QAhr,E wxr1.i: CONC. lJntu(;t ‘eltw CVNC. CONCENlH4lIONS 
MC-F I I) I4 1rt.l Irl.41) IS 5.1 3.75 6.82 PPV 

e 
?dO<-CWEM 

:3 
4J.W 1 I . 0’) 14 II .5 0.13 IU.VS PIJH 

, co2 73.7 c.Lln/ 23 2.1 lJ.044 0.545 9, 
i co 17 34.1 c, 4 . ‘, 1; II 0.7 u . ‘St3 R4.44 PPH 

bAG 3 3.576 MILFS 5.755 KM rllld. WLL RtV’,. VHIX- 2903.0 CIJ.Fl. 

’ i* 

51lt *A715 t&YAUSI !,AflPLt rl4CKbUOUIJl~ SAMPLt COWtClEO 
PAMiF *F rtv clJrl( . PANGt vk:rf M CUNC. CONCFNlR4llONS 

lx-f II, 14 22.1 lb.35 I* 5.2 3.w 12.75 PPH 
NOX-CrtEH I5 96.2 4J.l.3 15 0 .z 0.10 43.03 PPH 

p co co2 23 17 27.3 32.h 6b.5M 0.764 23 17 2.0 0.1 0.042 u.24 66.36 0.725 PPM % 

dJCMlEO VALIIES HL CO CO% NOX 
GR~HS/M~LE 0.31 4.4 331. 1.40 

UEFORE MO&JhG O.jOkJ 4.411 JJJ .03 J .4035 
GPAHS/)cV O.IYL 2.7* 206. O.H7 

HEFOQE rCOu~t0 JFlG 0. IV157 /.IlrlJ 2OS.69 0.8720 

OWENTSI FIESTA TESlIFtG OF OOuUM4N MOOtIe lHO0 VEVJCE 
SPECJ4L SHIFT SPLLLIS Of IO-20-40 
J FALSE STAvl ON ti4c1 I 

DILUTION F4ClOR = 15.418 
MASS EMIS5IONS 

GHS. GMS/H J tlWW4 
3.29 0.918 0.~~71 
R.92 2.488 1.546 

1152.36 321.427 199.726 
36.77. 10.25s 6.372 

DILUTION FACTOR = 22.459 
MASS FMISSIVNS 

GYS. GHS/HI GHS/KH 
0.53 n.140 0.087 
Z.r\4 0.743 0.~62 

1354.82 354.531 220. c95 
13.36 3.496 2.172 

DILIJTION FACTOH = 17.341 
MASS EHISSJONS 

GYS. GMS/HI bHS/KH 
O.SE O.lbJ b.101 
6.52 I.H22 I.132 

1052.33 294.266 102.849 
6.13 1.715 1.066 

MPG 
WE JGHTED VALUES 26.2 

26.Jb75 
72-74 FTP 25.3 

25.2929 
UNWEIGHlEtl f TP ii;6 

26.6095 

AUX. AUK. AUX. 
FIELD1 FIELOZ COOE 

MPG KPL L/lOOKW 
26.0 11.07 0.0 

AUX. AUX. AUX. 
FIELUJ f IELDZ CODE 

MPG KPL L/lOOKY 
24.6 IO.46 9.6 

AUX. AUX. AUK. 
FIELDJ FJELDE CODE 

MPG KPL L/JOOKM 
2P;e 12.67 7.9 

KPL IJIOOKM 
11.1 9.0 
11.1073 9.0030 
10.8 9.3 
10.7531 9.2996 
11.3 6.B 
11.3128 1.6394 

OYNO SllEtU207 TEST # 79-9893 
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DYNO SlTE:0707 lF57 . I‘+-+hv* I IYfY t+lCMJbY FUEL ECONOMY ANALYSIS I PROCESStol lSllllO1 SW II* 1979 
---------------------------------------- 

i Cl vv I,. ALT. EOUIVALENT ACTUAL OVEW- ,--------- fES, ,ypFl ---B--B, 

’ /1;::$ cc;;:;;~~4;.“. ::,:i EVlrl 1%: ‘c:::: h::::T ACHP ii;‘;;. lES’ 
r)YNO TRLNS. DHIVE EXPERIMENTAL 

*EIGHT CONFG. CODE /------ TEST PROCEDURF: ------/ 
. ” 2000 

“4:; 
WIFE 

/ 0 
U&d 1 VE MEASURED 

CWH AXLE. AXLE /--- IGNITION TIMING ---/ /------ % CO ------/ IDLE SOAK COASTDOWN 
PREP OATE *El GHT *t I GMT G#IUi7i leAFwE *I w2 ‘RPM GEAR LEFT RIGHT COMB RPM GEAR PER100 TIME 

f 1.11, 1 * 

-1 i 
0 

/- AH9lfNl TESl 
1 0 BAUO WET 

“W, BULH 
t 29.26 67.6 

i 
‘Q 

ACTtlAl. 

; DIP13 IW*rIA I’liliCLrtLJ uvu lIHE NOX RELATIVE 

1 

0 
TEST DATE no. SITE SET T 1 ‘II, ,I,‘,0 H.l’. H.P. onor. PHESSUI’E FACTOR HUHlOlTY AI DEHYOES 

‘ Y-11-19 II 0707 cuon 5.3 216Y.O 45.00 U.Yf35 59.3 

! a BAG 1 lP.lYR MILFS Ih.4lJ KM 2.$/I,‘. rCOLL 4EVS. V*(IX= 4132.0 CIJ.Fl. 

‘! @ 

SITE *A?15 F)lHAllST !,A’IVLI_ I+nCkWJOUIIll SAWLE COHWC IED 
RANGE MFTEL. CW~C . PANGS h’t rtu CON. CONCENTRATlONS 

N-f IO 14 11.2 ld.7’1 14 5.n 3.bH Y.34 PPM 
HOI-CYEH II 4r1.1 IO/.‘,,. II 0.0 0.0 102.96 I’PM 

f co2 23 4b.C I.!‘.0 23 2.0 O.ll42 I.102 % 
-I@’ ITo 11 ” . .J 

z 

Y.0 21. I!, 17 II.72 21.10 PPY 

1 ’ ,... EIGHTEO V&CUES MC co cvc NOX 
Q GRAWi/MIlE G.06 0. J 231. 7.20 

BEFOQE ROIJMOIUG O.OhlH Il./*1 231.32 2.IY92 
GqAuS/K(H 0.63Y 0. I ,1 144. 1.37 

0 BEFORE WJUNIIINB 0.0x340 Il. 175.1 143.73 1.3665 

i 6 COMMENTS: FIESTA TESTlhG OF GOUTJ~i~N MOWC IROU DEVICE 
SPECIAL SHIFT 5PttUS Of 10-20-40 

OILUTION FACTOR = 11.715 
MASS EMISSIONS 

GMS. tiMS/MI GWS/U H 
0.63 0.062 0.030 

22.43. 7.199 I.361 
2359.13 231.326 143.739 

2.68 0.282 0.175 

MPG 
WEIGHTED VALIJES 3u.3 

3K.2805 
72-74 FTP 36.2 

38.2461 
UNUEIGHTED FTP 3K.2 

39.2461 

AUX. AUX. AUX. 
FIELD1 FIELD2 CODE 

MPG KPC L/lOOKM 
38.2 16.25 6.2 

KPL L/I OOKM 
lb.2 6.2 
16.2233 6.1639 
16.3 6.1 
16.2609 6.1496 
lb.3 6.1 
16.2609 6.1596 

0 

0 

. .@ hll0 0 DIN0 SITEIDZOI TEST I ?9-9894 
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lF.51 ” fY-Ydt’* I IYlr .Ill*ti?nAV flJtL tCl)NlJHf ANILYSIS I PHIKXSSEDI lZlS9l41 SEP 13. I979 
----------_--------_-------------------- 

i Q 

: q;;; 

‘It .I. bL1. E~~IIIVALt.Nl ACllJAL OVER- ,------ ,ES, ,ypc -w-w----, 

VFY- I’*+‘. hl,.J. Ltlc5T U.P. TEST DYYU IHANS. DRIVE EXPERIMENTAL 

: 
Vt~1Ct.F 1.0. 5111 d F.VaP i ,I 1. cw;, CUIW. ncup .a T’i. *tlGMr n,.pr COldFG. CODE /------ TEST PROCEOURE ------I 

30 CCF‘~rt3444L u ZOO0 7.3 HYFE 

il.,1 vt HEASUWrl 
CIJtJ.4 AlLt. n ALk /--- IbNflIUN TlHItJG ---, /-----m p) c() ---m-w, IDLE SOAK CO4SToOwN 

- i 0 
PL)EfJ DATE ‘WE I~~CCT dt. lf+iI ,.C,Fli(,t>, “tASlJUk II I UC lJPf.1 GEhl? LEFT 4 1 WIT COHR RPM GEAR PER100 TIME 

t I’dI. 

1 Q 29.17 b?;5 71’.3 F- /la 

i AcTtIAc 
! 

OYrllJ 
0 TEST IlATE MU. Slit 

INi.~lIA I’~~!!CnrrlJ DVU iI+iF NOX RELATIVC 
Stlll~l~~ ,,,1.,H.P. u.lJ. IllJO ’ . t’Wt 5SUWE FACTW WJ~IOI IY ALDElIYDtS 

i 9-12-79 II II?‘1 I ZUUU 1. r 22 I II’.0 rs.ou U.YWl b3.1 

0 #Ati 1 IO.191 MILFS lb.4’,1 r’f4 7~f’ml. ‘,‘I(( 4t.V~. vf41rc= 410 3.0 cc1.f r. OILUrrOY fnctvu = 11.713 
HAS5 t~lSSION5 AUX. AUX. AIJX. 

WIS. GMS/HI GHS/RM FItLO F t ELOZ CODE 
U.51 O.ObO 0.037 

zz.1 I c.171 I.J49 MPG KPL L/lOOW 
ZJ*b.h? 230.209 143.OP3 JR.4 16.34 6.1 

l*L)Y O.lHb 0.116 

HPlj KIJI. L/lOOKM 
UElGHTtll VALUES 3n.5 16.3 6.1 

38.472b lb.307b 6.1170 
f Wb”S/r(H O.lJ II ‘!.I? 14 I. I.35 7t?-74 f TP 36.4 lb.3 6.1 
; u .JffWE fJoIl:rrIItIf, U.UJIUO I.1 155 I’*,.clr 1 . 3s 97 3H.4495 16.3465 6.1174 

, 
UNUEIGHIEU FTP JR.4 lb.3 6.1 

A 38.4495 16.3465 b.1174 
0 

COMMtNTS: FIESTA TCSTJNL, Of bOW>r,.N Wf,El. I’00 UtVlCt 

i 0’ 
SPFC411. SHlf 1 SPttlJ ot lo-C~r-*fl 

. IO 

CI 

l 

G? ..’ 

0 

l 

l 

0 

.e 

l 

0 

c- ;” 
‘0 

l 

0 

l 

0 

0 

l 

r 

0 

e 

0 
DIN0 S1TEll1207 TC !t’ST I 19-98.96 .- *-.v.. - -1-u-*-- 

,-” ~. . 
..A. 

; j,:; ; Z”,<. 
II 
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! n OYNO S11EI020? TEST u 79-vt395 
--------------_-__---------------------- 

I 1979 LIGHT DUTY VEHICLE ANALYSIS I PROCESSED: 13tXJC40 SEP 13* 1919 

I e 5 MFP. ALT. DVER- /s-w-----.. ,ES, TYPE w----m-/ 
.-fR. 

EOUIVALENT ACTUAL 

j r 
VFR- REP. RUN. RETEST 

CODE ACHP ;;kl. 
TEST DYNO TRANS. DRIVE EXPERIMENTAl. 

OOE VEHICLE I.D. SION EVAP INIT. BHG. UEIGHT H.P. CONFG. CODE /------ TEST PROCEDURE ---W-S, 

! 30 GCF GdL34449 0 2000 77.3 CVS If-LATER 

: l 
i 

DRIVE MEA SUAEft 
CUR8 AXLE AXLE I--- IGNIlION’TIHING ---/ ,----- PJ CfJ ----, IDLE SOAU COASTDOW 

i a 
PREP DATE WEIGHT WEIGHT GAUGE WASURE I1 a2 RPM GEAR LEFT RIGHT COMB RPM GEAR PER100 TIME 

EHPl Y 
s i 

! @ 
/- AMBIENT TEST CONOITIOrJS - / 

BAA0 WET WY CVi 
“HG BULB BULB UNITS UNIT 

1-e 
29.18 63.2 70.6 f 27c 

ACTUAL 
DYYO lNFUlI4 ItlOICATED ovu TIRF NOX RELATIVE 

TEST DATE HI?. SITE StTIING IJYUU H.P. H.P. ODOY. PHEPJSUHE FACTOR HUMIDITY ALOEHYOES 
9-12-79 09 0207 2000 5.3 219e.8 45.00 1 .OObZ 66.7 

i * BAG 1 3.572 MILFS 5.749 KM 837R. ROLL WFVS. 

! 

VHIX* 2837.0 CU.fl. 
SITE #A215 EXHAUST SAMPLE HACKGROUYD SAMPLE COHHECTEO 

1 0 
AAFiGE r”ElER COhC. HANGE METER COW. CONCENTHATIONS 

J&-f ID 15 48.1 7C.iR 15 3.0 4.46 68.10 PPH 
, NOX-CHEF 54.6 55.79 I h 0.2 0.21 55.59 PPH 

e co2 :1 35.5 o.t141 23 2.1 0.044 0.800 $ 
- 

*. i 
., 

\ 
co 18 54.4 265.49 18 0.3 1.42 264.15 PPY 

, 

7 0 
JAG 2 J.t125 MILES 6.156 KM l171H. ROLL REVS. VHIX= 4782.0 CU.fT. 
SITE MA215 EXHAUST SAMPLE RACKGPOIJND SAMPLE ‘CORRECTED 

; RANGE WETEH cutrc. RAIJGF METER CONC. 
I 

CONCENTHA710NS 
MC-f ID 

8 
14 12.3 IO.55 14 5.A 4.26 6.4R PPH 

NOI-CHEH :: 39.9 10.10 1 4 ::i 0.26 9.86 PPM 
co2 25.7 0.587 23 0.042 0.547 % 

:o co 17 32.1 76.45 17 0.4 O.Yb 77.53 PPW 

4 BAG 3 3.554 MILES S.719 KM XilJ!h. ROLL REVS. VHIX= 2789.0 CU.FT. 

i l 
SITE *A215 EXHAUST SAMPLE EJACKGROIJND SAMPLE CORRECTFO 

RANGE t”EIEH cwt. HANGE PEIEti CONC. CONCENTHATIONS 
Jic-f IO 14 72.7 lb.RO 14 5.8 4.76 12.78 PPH 

! NOX-CHEM :z 79.7 39.92 IS 0.3 0.15 39.78 PPH 
8 co2 32.3 0.75fl 23 2.0 0.042 0.717 b 

“EikW;ES1’ 

30.0 73.26 17 0.2 0.48 72.80 PPH 

- , 1 . CO CO7 NOX 

ie 
020 3.6 332. 1.31 

8EfORE BEfORE GPAMS/KW POUNOING ROUNDING 0.194 0.18444 0.2968 2.2421 2.74 3.608 206.20 20h. 331.85 0.82 0.8167 1.3144 

P ~OW4ENlSI FIESTA TESTING Of GOOWMJ HOOFL 1000 DEVICE 

i 

’ L-J 
SPECIAL SHIFT SPEEDS OF 10-20-40 
ROLL REVS FOR BAG I CALCULATED FROM PAST OAT4 

I 
‘i o 6110 0 . 

. I 
_. 

DILUTION FACTOH = 15.313 
MASS EMISSIONS 

GHS. GM/HI GMS/KH 
3.15 0.883 0.549 
8.60 2.406 I .495 

1176.01 329.245 204.584 
24.71 6.917 4.298 

DILUTION FACTOR = 22.482 
MASS EMISSIONS 

GM. GFlS/HI GM/KM 
0.51 0.132 O.OR2 
2.s7 0.672 0.417 

1355.30 354.338 220.175 
12.22 3.196 1.986 

DILUTION FACTOR = 17.510 
MASS EMISSIONS 

GHS. GHS/HI G&/KM 
0.58 fJ.164 0.102 
6.05 1.701 1.057 

1035.65 291.419 181 .OBO 
6.69 1.884 1.170 

MPG 
WEIGHTED VALUES 26.2 

26.1899 
12-74 FtP 25.2 

25.2313 
UNUEIGHTED FTP 26.6 

26.6256 

AUX. AUX. AUX. 
f IELDl FIELD2 CODE 

MPG KPL L/lOOKW 
25.9 10.99 9.1 

AUX. AUX. AlJX. 
TIELOI f IELD2 CODE 

MPG KPL L/lOOKH 
24.6 16.4R 9.5 

AUX. AUX. AUM. 
FIELD1 FIELD2 CODE 

MPG KPL L/IOOKH 
30.1 12.78 l.8 

KPL L/lOOKM 
11.2 9.0 
11.1502 8.9683 
IO.7 9.3 
lo,7269 9.3223 
11.3 8.8 
11.3197 0.8341 

OYNO SITEIO207 
‘I 

TEST f 79,9n95 _ ‘, _ 
\ 
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j A DIN0 SJ1E10207 TEST I 79-9900 I 1979 HIGHWAY FUEL ECONOHY ANALYSIS I PROCESSED: 09100147 SEP 191 1919 

tJFH. 4LT. EOUJVALENT ACTUIL OVER- /---w---- TEST TYPE ---..----I 
, -MFR. VER- PEP. RUN. RETEST H.P. TEST DYNO TRANS. DRIVE EXPEAIflENTAL* 

:OoE VEHICLE 1.0. SION EVIP INIT. CHG. CODE 4CHP HETHe WEIGHT H.P. CONFG. CODE /e----m TEST PROCEDURE i----d 
30 GCFBbE3C449 0 2000 7.3 HYFE 

, 

( .J 

-... .- .-.-_ -- 
CURB AXLE AXLE /--- IGNITION TIMING ---/ /------ % CO ------/ IOLC SOAU COASTQOYN 

PIW’ 04TE UElGHT WEIGHT GAlJGE MEASURE II *2 RPM GEAR LEFT RIGHT COW RPM GEAR PERIOD TIME 
EH’TY 

/- 4R31ENT TEST C’-ltCJffIONS - I 
0ARO YET CIPY cvs 
“HG RULB 9lJLEl WI 1 TS IJNIT 
29.01 62.0 71.4 f 77C 

4CTUAL 
OYNO INERT14 INDICATED ovu TIRE NOX RELIT JVE 

TEST DATE MU. SITE SETTING OfUG t4.f’. H.P. OOOH. PRESSURE FACTOR HUHJOITY ALDEHYiES 
9-16-79 11 I?207 2000 5.3 2315.0 45.00 0.9759 59.1 

BIG 1 In.216 MILES lh.~cl rw i!Jnl~. WILL uF.vS. VMlX= 4003.0 CIl.FT. DILUTION FACTOR n 11.632 
511E U4%l5 FXHAU’;T SAHP1.t BACKGROl~NO S4WPLE CORRECTED AUX. AUX. AUX. 

RANCJF METFP COIIC. AANGE METER CONC. CONCENTqAT IONS GHS. 
M4SSG~~;;;JONS 

GWWKM FILL01 FIELD2 COOE 
MC-F JO 1; :,::i 12.63 k4 4.6 J.-IA 9.50 PPH 0.W o.nat 0.039 
NOX-CHEW . .,, BY.01 lb 0.1 0.11 87.91 PPH 19.97 1.857 I.154 MPG KPL L/l OOKM 
co2 ?3 46.5 I.149 a3 1.9 0.040 1.113 s 2353. I7 230.345 143.130 38.4 lb.33 6.1 
co 17 h.V 16.67 17 0.0 0.0 lb.67 PPY 2.24 0.220 0.136 

JEJGHTEO VALIIES MC co cot NOX MPG KPL L/lOOKM 
GP*W/MlLE 0.06 0.2 230. 1.86 WEIGHTED VlLUES 38.5 lb.3 

DEf’X’F. RO~JNDING O.OhZZ n.719 230.34 1.8567 39.4726 lb.3433 :::J87 
GQAWS/UW 0.039 0.14 141. I.15 72-74 FTP 30.4 16.3 6.1 

BEFORE ROUNOJNG 0.03867 0.1364 143.l2 I.1537 16.3368 6.1211 
UNYEJGHTEO FTP 16.3 

16.3360 Z2JJ 

COMMEWTSI FIESTA TESTING OF GOOOMAN MODEL 1800 DEVICE 
SPECIAL SHIFT SPEEOS OF JO-2#-40 

DIN0 SITLID2OT TEST I 79-9900 
.--. ,..-... 
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fl OVNO SflL:O207 

----- ----------------------------------- 
TFST I 19-vvn1 I 1979 Llr;dl WTV VEHiCLt ANACVSlS 1 PROCLSSEDI 09120129 SEP 21* L9T9 1 

-----_--------_------------------------- 

a 
II, w. 

AFP. 
ALI. EWIVALENT AC tUAL OVEW- ,----v--- ,ES, ,ypE w----w--, 

t 
Vf k- I,I I’. urm. UFlf 51 H.P. lESl DVNU THIINS. DHlVf EXPERJMEYTAL 

:ooc VtMICLE I.D. SIUN EVAt’ I~lll. CHG. COI)E ACHP P4E In. WEIGHT li.P. CONFG. CODE /------ EST PROCEDURE e--‘---R 
30 GCFttWE34449 , 0 2000 1.3 cvs 75-CATEM 

0 

I_ 

or. I vt. MEASURED 
CWH ArLt *alA /--- IGNIllON IlHlNG --y/ I------ 0 CO ------I IDLE SOAK COASTOOuN 

PI)EP DAlE CT IGrIT UEJWI GAIJlrt WASUUE I J a2 WM GEAR CtF 7 RIGHT CDH8 RPN GEAR PERIOD TIME 

I 
/ 0 /-D:W;IENT TESl CONr)tTIONS - / 

*ET UUV CV’. 
“HG 

1 0 

BULR blJLY WI IS llfll I 
29.26 62.1 70.7 F c It: 

AL IUAL 
01’10 Ihr~llA I’ItlILnltI)’ OVII 

1 

e 
IIWF NO1 WF.LAlfVc’ 

TEST DAlE HR. 511E 5t 1 I I FIG IlY’n) r1.w. H.P. 001-M. PWESWHE FACTOH HUHlDIlV ALDEHVDtS 
9-19-19 IO 070r 2000 !>. I 2345. 45. O.YROU 6l.H 

1 0 
I 

0bG I 3.546 t’lLf 5 5.7116 ** r)/-r. UOLL wt v\. VMIa: ZY.3\.0 CU.FI. 
SlTf l A215 t #MAUS Y,ALHt’i f t!fiCKWOUtIIl TA’tPLC CowwtCIEt) 

nhr(r,F 9lTF w 

1 0 
C’I’IC. unrrr.t “t It * cwt. -CONCtNIWAllUNS 

MC-F IO 15 44.3 hl,.(l4 I 5 d.6 3.Hl hL.47 PlJ4 

I 
~tOl-cHEH lh L1b.U S>.r”l Lb 0 . 0 O.U 55.20 PPN 

- 
I r -., g2 

23 34.5 0 . I’ 1 , 21 2.1 u.044 0.7?J a 
IY 74.1 Jhh.rJ.1 IH 0.1 0.4r 365.75 t’PY 

/ 

: 

0 
--AA, 2 3.n1n H~LFS h.l4U PM ,“,I, , . HOI.1. *tv\. VHlXl 4HU9.0 CU.FT. 

SITF rA71S Ftkbthl SAWLF rihCn6kr,llNl) 5bMPl F. COcWCCtFI) 
hAhGL “Lltw COlrC. Qn’ibt ‘jt 1t.Q CUNC. COVCt NInAlIONS 

I) 
MC-F ID I4 15.5 t I .f. I 14 5.c ).H? 7. IV F’PN 
NOl-CHEW 4C.J 

, j o co i3 ‘,‘;:: 

t u. It1 J4 (1.1 0.01 lU.bH t’t’t4 
CO2 ar.%lf 2) 2.t ll.04h ll.SJJ a 

YI.11 17 u.0 U.0 YI.lI PPH 

i. 
BAG 3 3.546 MILES 5.7nb KM nclrl. Iwl.L HEVS. w4tx= 2RII2.0 CU.f r. 
SITE #A.?15 E lHAU57 ?,AHWLt H~CKGUOUIW 5AHPLt. CUHRtCIClJ 

RAN6f ‘rETFP corrc. IJANGE I’t IEtJ CO’4C. CONCENl*bTIONS 

1 
HC-F IU 14 76.9 IV.96 4.Y 3.5J lb.61 PtJM 
,401~WEM 91.2 4U.hh :: 

I * 

15 0.1 O.OS 40.61 PPY 
co2 23 11 .Y I,. lid 73 2.2 O.04b 0.100 a 

ie Co I7 31 .‘t 71.9*> J 7 u.0 0.U 7r.w PPH 

rElGt+TtD VALUES W co COC NOX 
6uAwS/ult.E 0.31 4.5 325. 1.32 

BEFOnt HOUNOING 0.3107 4.515 325.28 I. 3226 
l GPA’%/KW 0.lY3 l?.hl 202. O.Ri! 

BEFORE HOUNDING 0.193otl C.HOhO 202.12 O.lt218 

l 

DlLU7lON FAClOH = 
MbSS FH15StON:5*023 

GM. GHS/Ml GMS/R* 
2.89 0.816 0.507 
H.Jl 2.342 1.4‘36 

1135.77 320.325 199.04l 
34.lV 9.642 5.V9l 

-“ONMENTSI FIESTA 1EiTING Of GUMMAN MODEL lRO0 OEVICE 

(Lj SPECIAL WlFl SPEED5 OF II)-CO-40 
DEVICE JkSlALLED 

hll0 u 
l I . 

. I 

OILUIION FAtIUH = 22.PI3 
MASS FMtSSIUNS 

GUS. br4S/M I GHS/*H 
il.hl O.lhO lb.100 
2.13 r.714 0.444 

I327.V2 .347.WCl 21b.lltt 
14.45 3.704 2.351 

0ILU110N fAClOH = 1?.7Vb 
MASS EMISSIONS 

GHS. GM/Ml GM/KM 
0.76 0.214 (I, . 13 3 

3 1.058 MPG ;I: KPL L/lOOKN 
6 177.903 30.5 12.99 1.1 11 I.262 :_) 

6.04 1.70 
ltll5.61 ER6.43 

7.20 2.03 

UE1GH7EO VALUES 

72-74 FTP 

UNwEIGHTED FTP 

MPG 
26.6 
26.6266 
25.6 
25.6069 
21.0 
27.0313 

KPL L/lOOKW 
11.3 0.A 
11.3159 0.8370 
10.9 9.2 
10.8866 , 9.1055 
1 I .S 
Il.4921 j’ x:,‘o*s 

f 

. 

AUX. AUX. AUX. 
FIELD1 FILL02 CODE 

MPG KPL L/i001tbt 
26.2 11.15 9.0 

AIIX. AUX. AUX. 
F JELDl f lELO2 CODE 

MPG WI. L/lOOMM 
25.0 10.64 9.4 

AUX. 
FIELD1 

DVNO SITEIO207 \ TEST l 79-,990I ,__ _ .,_.. T7;.e’ 
. .~ ,. _ as a.- 



I 

-. _ I 

. 
---------------,---------:,,-,,,,,,,,,,, 

r) OYNO SITEI .lF5r L IY-9YIld I 1970 HI6HU4Y FUEL ECONOMY ANILYSlS I PHUCLSfEDI 07l00107 SilP 2*r 19?9 

MI P. ALT. EOUIVALENT ACTUAL OVER- ,--------- TEST rypc .------a, 

vt H- k1.P. RUN. HETEST H.P.. TEST QYNO TRIMS. DRIVE EXPERIMENTAL 
5lVN t.VAl’ INIl. CHG. CODE ACHP HEtH. UElGHr H.P. CONFO. CODE /------ TEST PAOCLDURE -‘-----/ o 

2000 1.3 HUFE 

l DctlVE ‘MEASURED 
CUW AXLE AXLE I--- IGNITIUN TIMING ---/ /------ s CO ------I 1rJLE SOAU coIsToowtJ 

PffEP DATE UE IGMl UEl6Hl tAllbf MEASU+J(E rl $2 HPH GEM LEFT AIGHl COMB RPH GEAR PER100 TIME 
0 f hl’l *I 

45 

/-G:wf&IEN? TESl CGNDll IGW. - / 
UEf IIWY cv5 

WIG WJLH tJULH yrcrrs UNIT 
29.26 61.8 71.3 f c I( 

l 
AClUAL 

0114n Iht~rlA lf4tllCATED DVU TIUE NVX RELATIVE 

a TEST OATE W?. SITE StrIlh6 UYNO H.P. H.P. orlor. PRISSUPE FACTOR HUMIDITY ALOEHYIJES 
9-19-79 ll lJ707 2000 5. 3 2356. *!Y. O.Y692 5n.s 

l MAC I In.163 WILL‘S 16.~55 6~ ~36~. UULL wv’,. wia= 4124.n cu.FT. 
SI7C rAtIS fxnruSr SAYI’LF ~IACKGHIlUfW SArf’LE cuwftcrtu 

RANGE Mtltlc CU,IC . UhNGE wItI cwt. CONCLNTRATIONS 
MC-f IO I4 0 16.1 I I .4’# I4 4.5 3.31 8.66 PPH 

- rtoa-CHEM lb 94.2 93.95 :: 
U.0 U.0 9J.W PPH 

CO2 23 45.1 I.126 2.3 O.ll4H 1.082 8 
Y Co 17 6.9 I6.h? 17 0.0 0.0 16.67 PPW 

,>.JEIGMWJ VALULS MC co co2 NOX 
0 GHAHS/NILE 0.06 0.2 227. 2.00 

MEFORE HOUNDlhG O.lJSH6 n.rc3 7c7.40 2.0012 
GPAMS/#fM 0.036 lb.14 141. I.24 

0 BEFORE ROUYUING 0.03647 ll.l38S 141.30 I .2435 

l 
COMMENTS: FJESTA TtSllNG Of IiUOUHAN MOOEL IHO0 DEVJCE 

SPECIAL SHIFT SPEEDS Of 10-20-40 

0 CJEVICE INSTALLED 

OILUIION FACTUU = 
MASS EMlSSION:1*e72 

GHS. GMS/Ml GMWKM 
0.60 o.osv 0.036 

20.34 2.001 1.244 
2311.06 227.407 141.304 

Z.2? 0.223 6.139 

MPG 
UEIGHTED VALUES 39.0 

3A.9MOO 
72-74 FlP 38.9 

30.9230 
UNWE ICHTEO FTP 3R.Y 

30.9230 

AUX. AUX. AUK .; 
FIELD1 F I El.02 CODE 

MPG KPL I./lOOw4 
3P.9 16.54 , 6.0 

KPL L/I 0°K”’ 
16.6 6.0 
i6.5756 

16.5 16.5471 
16.5 
16.5470 

b.i329 

k&30 
6.0 
6.0130 

0 . , ‘0 

0 

0 

0 
6110 0 DIN0 SITEl0207 TEST I 79-9902 



. 

------_---------__-_-------------------- 
OVNO SITClOfn7 IF51 . 7’r-‘a~,ul I 18#7Y LIWf INITV VbilCLt ANALVSI5 1 PROCESSED: opc20:3T SEP 2I* JOT9 

---------_----------__________^_________ 

a 
9tc. PLT. EOUIVALENT ACTUAL OVER- ,------ ,ES, TYPE ----s-w-, 

j “;:$; V;;:;\;4;.D. :;ii EVAI’ ,::;:‘: :i;;: ‘:;I:? ACHP :;h. 
1ESl OYW THANS. ORIVE EXPERIMENTAL 

Yt. IGHl H.P. CONFG.’ COOE /------ TEST PROCEDURE ------/ 
2oou 1.3 cvs 75-LAlER 

DUIVE MELSUWEO 

I 
CUHY AxLt AxLt /--- 16NIllOY IlHfNG ---/ /------ PI CO ------/ IOLE SOAK COASIOOYN 

I) 
PREP OATE *E I6Hl ME 1691 G.lllr,t MEASlJkt. I( I UC? dPc( GEAR LEFT RIGI COMB RPM GElR PEA 100 TlnE * 

. VWIY I 

1 a /- bWllFN1 If ST CONI) TlOttS - l 
flmo WE7 WV c “‘9 ‘-46 eul.s H’ll Y WI1 1s I.‘.1 T 

I 
m 

29.13 6l.U 1rl.J f- 17i 

ACTUPL 
I DVWI 1trt.u I I A IP rl1CAlt.l) OVIt 
’ l 1EST nATE HR. Sllf 

IIIJF NOX HEI.AllVC 

I 

StTIIrrG ~Jrvu, H.t’. t4.w. ODD*. PIff SSUw t-wror tiwt~lTr 
9-S” oe 0101 

4LDCHYOES . 
2flOO 5.3 2JM. 45. U.Y61Y 5R.M 

I, 
4 0 BAG-i 1.93s WILE5 5.r7u KM 0 I’>‘#. IdOLL Wf VLI. 

‘I 

VHIA+ 2HW.U LU.Fr. 
SITE @A?15 F IH4USl SAW1 F t~AC~GWWc(lJ SAWLE CUWECIED 

I l 
RAtlbE ‘tltw CU!IC. “AkId,. ‘3 rtu C~l:rC. Cl)tICt~lrtiAlIONS 

M-t ID I5 G5.0 hl.hll I5 Z.h ).,17 hJ.VU IJW 
ftOl-CHEW 

: .>,A,c; 

ht.1 

ii 2:: 

h’$.%, Ih U.U 0.0 hH.hJ WV’\! 

i CO2 0 . 6 r, v 23 r.0 0. 042 II. rrn * 
c’ _. 40 7 .‘I’. IH u.u 0 . II *lll.Y* WIJM 

3.88) MlLtS h.24’4 6” Vfl51. WJLL I,fV’<. VMIU. 4If14.U CU.fl. 
0 SITF: @A215 L#MAU\l ‘,ALHt’Lt IIAC)c~LOlJNIJ SA’WLt CowtC 1 tD 

HAhE ,df IEH C~l~4C . UAlJCIt. vt 1t+c C’I’IC. CUWFNlUATIONS 

I 

i 

MC-F IO 14 14. J lU.>‘> 14 4.e J.5J /.lU PP.4 
l tIOA-CHEW I4 4fl.b 18.27 14 11. J II.IIH lZ.20 WI4 

CO? 21 z5.c I!.Y?IL, 2) c.n U.I~C~ o.sxi * 
CO 17 J4.H $5. I’, I7 0.u 11.u R5.15 PPd 

0 -~ 
BAG 3 J.Sl-42 MILFS 5.7h4 KM ,tl\I. UtJI~L WFV’;. VMl)l= 21HI.U CU.f 1. 
SITE HA715 EXHAIJ~T 5Awct H4C6riWOUIII) SAHPLC C0HWEC1ED 

a RAtrGE rf. 7 t I< LO1aC. unr41.t‘ c+ I c u cow. CONCCNTRATIONS 
MC-t- ID 14- 22.6 lb.? 4 I4 4.” 3.51 13.40 PPH 
NOX-CnEM UC.1 40.“” I5 u .z U.IU 4s.94 PPH 

0 CO2 :5 3C.d Il.?+‘4 23 c . 0 o.rl4.2 O.?lb * 
co I? 23.3 5h.73 I7 u.0 0.0 56.13 PPH 

. WEIGHTED VALUES f-K LO co2 NOX 
GwAHS/MlLE U.29 4.4 321. 1.49 

0’ 
HEFOQt ROWDfYG 0.2YU5 4.311 ‘120.53 I .4939 

GRAMS/KM 0.181 i.I.2 199. 0.Y) 
MEF Oat RDUND 1 frG O.Ld052 iJ./lh3 IYY.lh 0.9282 

l 

‘s J 
COMMENTSI FIESTA lC511NG Ot G001JH~l) HODLL l*OO UEVlCE 

SPECIAL SHIFT SPEEUS Of 10-20-40 
DEVICE INSIALLED, WAICI, HtStWVUJ)1 0WTV 

0’ - 
hll0 0 n ^*. . -_... - . . 

UlLUrlON rAcrm = IS.641 
M1SS EMISSIONS 

GM%. Gt’S/HI GMS/lSM 
2.94 O.PlV 0.509 

IO.04 7.HOI ).I41 
I IZD.47 J12.5J2 lYC.IYR 

Jl.lfi lO.SMJ h.S4H 

DILUIIUY FACfDH = 22.9’)? 
Mass LHISSIONS 

G’4S. GYWH I GYS/Ktl 
U.M 0.144 n.ovo 
3.04 0.793 0.491 

1324.H3 341.10s 217.015 
13.43 3.459 2.149 

AUX* AIM. WI. 
FJCLDJ F ILL02 COOE 

MPb RPL L/l OOKM 
26.7 Il.37 8.D 

AUA. AUX. LUI. 
FIELD1 F ItLO COOE 

MPG KPL L0lOOKW 
25.5 10.8h 9.2 

DlLUlIOlV FACTOR = Il.AllK 
H4SS EMISSIONS 

we. GHWMI GM/R’4 
0.61 0.170 0. Oh 
6.hh l.OSH i 1. 55 

102H.JJB 287.260 1 IR.495 
5.20 1.452 0.902 

MPG 
UEJGHTEII VALUES 27.0 

26.9M3 
72-74 FTP 26.1 

26.11?9 
UNYElGHfED FTP 21.4 

27.5160 

AUX. NU. MUX. 
FIELD1 F JELOZ CODE 

MPG ’ KPL L’/lOOKM 
30*6 13.00 1.I 

KPL L01OOKM 
11.5 8.7 
II .492I 8.7013 
11.1 9.0 
11.103rJ 9.00se 
II.7 8rb 
1 I .6557 0.5794 

OVNO SIrPlfl20~ . ,_ 1ESr.5.eZYzm9993,., .- --:..a 
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r 

’ owe SlTE:OZO7 I IV19 UltMrAY FUEL tC0tIWfY ANALYSIS 1 rROCESStoI U9I2OI42 SCP 21* 1979 
i --_--------------__-____^_______________ 

,‘, k. ALI. tWIVALEN7 ACTUAL OVLH- 
VfU- IO I’. “IN,. ut TEST H.P. 1tsr OYNO TWANS. OfllVE 

VEHICLE I .o. SION LVAI’ IN1 I. CWY. COvt Acw ntTH. WE IGHl H.P. CONFG. CODE 
GCFnivE34449 Jl coo0 7.3 

,------s-w ,ES, TYPE “‘;““, 

EXPLRIHENIAL 
/------ TEST PpOcEOURE -----4 
HWFE 

Ld 1lK I vt UEASUREO 
CllRH AXLE AXLtl /--- 16NlllON IIHlfJG ---I /------ i CO ------/ IDLE SObU COA5lQQ~N 

PREP DATE IWEIGtiT dtI6HI l.AllGI Ht ASUPF a1 rz WPl4 GEAR LEFT WIGHI COMR RPM GEAR PERIOD TINE 
0 CWdli 

,- 
0 
a . 

c? ’ > 1 ! 
l t 
l I 

0 
/- A-IFNI TEST ClJNl?lT10185 - / 

RAP0 WET WY (V, 
“HG HUCH RIJLH Ihl 15 11’11 I 
29.13 e1.3 70.4 f ,’ I, 

0 
AClllbl. 

UYW INtuIlr I”.I’lCnItlJ UVU 
. TEST OATE HR. SIlE 

llWF NOX HtLATlVt 
SE 1 I I FIG II,‘10 l4.P. M.1’. OIlOr’. PHtSSJHE F ACTW HUHlOI 1Y ALOEHYOES 

9-20-79 09 nzor 2uou ‘7 . J 2397. 45. O.Yh43 56.J 

0 UAG I IO.239 MILES lh.47Y KM ?I**/). U~l1.L ZKV’>. v*lX= 40V4.U CU.Fl. UILIITION FnClW = Il.?=+3 
SITE *A215 tXHAUS1 !.AMt’Lt. YPCKGWUUNI) FAHPLt CouHtc IEI, MASS FHISSIONS MIX. AUX. AUX. 

RANGE w 1 F ?I CltrK. bANC,E w It? cow:. CONtENTMA IONS r&s. WS/NI GHS/AH FfELOl FIELD.2 CODE 

.I 

i 0 w-r’10 I4 16.6 Id.66 I4 

( 
N07-t-HEM I7 4Z.J Illh.9fl I7 

I 

CO2 23 4h.l I.1 II 23 

’ ” ;>E,::,,, VALLlf Cl ’ “i: 

lO.l> II 

I 

(.(I 
c &‘AW”ILE U.Oh U.? 

REFOPE ClOUr1Qlrc6 U.bhr)C 0.194 
GPAWSIKM ll.O,I Il. 12 

! 

0 REFORF. AOtJrto 1 rrr. O.OJ745 o.lmh 

! 

0 
4 COWENTS: FIESTA It=,llNr, OF GOUllvaN SYSltHS 

SPECIAL SHIFT SPEEDS OF 10-20-40 0 OEVICE INSTALLLO. UnltU Hk StWOIH 

m 

4.5 
0.0 
1.9 
0 .n 

3.JI Y.23 PW 0.62 0.060 0.037 
0 . II lllb.YH P’PH 22.67 2.234 I.?66 
O.OLU I.101 b 233S.J4 228.063 141.724 
0.0 14.73 PPW l.Y9 0. I94 0.121 

MPG KPL L/IOOKM 
38.8 16.49 6.1 

MPCI 
WE IGHlEll VALUES 38.8 

38.81194 

KM. L/lOOKM 
lb.5 6.1 
16.4625 6.0744 
16.5 6.1 
16.5OlM 6.0599 
16.5 6.1 
l6.5018 6.0599 

CO2 ‘40X 
2CY. 7.23 
824.09 Z./J19 
IS2. 1.39 
141.12 I.JHHI 

72-74 FTP 38.8 
36.8147 

UNUE IGH7EO FTP 3n.a 
36.6147 

tHPTY . 

l 

hllU 0 OYNO S17Et0207 TESI 0 79-9904. .__. 



-------------_-----_-------------------- 
r) UYNO SJTEtDZO7 IFS1 I 7Y-W0’, I I979 LlWl fNJlY VElilCl.E ANALYSIS I PROCESStol 07lORII3 SLP t4* 19?9 

i 

----------------___-____________________ 

I 0 
1 f-k UfM. ALI. tOUIVALtNl AClUAL ovtu- ,------w-m ,Ef, TYPE -----e--f 

i 
VFH- W-f’. HlJfJ. QETEST H.P. IE57 rlYN0 TRINS. OR JVE ElPERlWENTAl, 

(T!j CODE VEHICLE I .O. SION EVAI’ INIT. CtiG. CODE ACW NEIH. HElGHl H.P. CONFG. COOE /------ TEST PROCEDURE ---m--f 

: 
30 GCFMuE31449 n 2ouo 7.3 cvs 7%L4fER 

/ 

l OIJ I VE MEISUREO 
CUWB AXLE AaLE I--- IGNITIOY TIMING ---/ /------ 9 Cll ------I IOLE SOLK CO4STOOUN 

PuEP OAlE VIE IGriT UE IGHT GbllGF MEASUHE II cc? HPH GEAR LEFT RIGHT COMB RPM GEAR PERIOD TXML 

e tnvrr 

/- AMRIEul TEST CUNOI~~G~~S - / 

! Q 

tl4RO *ET mr I-“5 
‘WG BULB I1lILH IINITS (IN11 

lo 

28.95 61.0 71.0 f z I(. 
. 

PCTUPI 

t 
OlNO ItJt~IIb I~Jl~lCblLU DVU 1lUf. NUX RELATIVE 

I 

Q TEST D4lL HP. SJIE SLllING llYrJ0 Y.P. H.P. OUOW. ALDEHYDES 
i 

Y-21-79 08 D207 rono 5.J 2420.4 
‘IyJJ’ FlCTlJH HUHIoIlr 

. o.v591 5b.S 

i 0 M4G 1 3.569 MILCS 5.7&J KM nlzl. PIILL MfV5. VMli= 2Ml4.0 CU.FT. 

f 
SITE #AZ15 EXnbUST SAMpLt llbCWf,wOUrw S4MPLC cOfwECILo 

‘WC-F III 
R4NGE tw1f.U CUIIC. RbNbt: ‘ct 1tIJ CONL. 

:j 
CONCENlW4TIONS 

0 I5 5c.5 78.4Z 15 J.1 4.61 74.611 PP?( 

1 
NDA-CHEII ho. 

) :, z2 73 lb IA 67.4 HU.1 34.3 , ‘4 O.HOY I . 4 1” 4 43 lb I If 0.0 4.0 0.3 n.n u.042 I r4Z 306.13 68.36 0.770 PPH Pfw % 

i Q 

M4G 2 3.869 MILES h.22I KM Lli??. WOLL Htvs. VHllr= 47S2.0 CU.FT. 
SJTE #A215 F4HIIJ51 Q4W’Lt HAC~f~WUUIlD SIW’Lf CnHI?tCrF v 

I 
(14NT,E HClf w cc,:rc. UbNC,F. ‘C rtu CON. CONCtNTWIllUNS 

i 0 NC-F NOX-CHE?l co2 10 23 14 14 4S.M 25.4 13.Y Ill.45 lI.S’I O.SdO 43 14 I4 4.0 4.H 0.2 u.05 0.042 3.53 II.5J 6.68 0.54n PPH PW VI 

4 I 

co I7 34.4 M4.lh 17 0.2 U.l*fl 83.70 PPH 

0 
MAC 3 3.5136 HILLS 5.770 KM 8 IhIP. WJLL REVS. WI*= 2775.0 CU.FJ. 
SITE PA215 EIHIUSI 5AMPLF I14CKGkOUNll SAMPLE COHHEClED 

i 0 R4NGL MElFU CONC. RANbE ct It+4 CONC. CONCENlRATIONS 

i 

MC-F IO 

t: 
2L.I lO.Hll 14 5.n 3.hH 13.33 PPM 

NOA-CkEW 94.0 4h.V7 IS 0.2 0.10 46.80 PPCl 
e co2 23 32.2 0.754 23 4.0 0.042 0.714 I 

co 17 27.1 hh.OY I7 0.0 0.0 66.99 PPM 

0 rfJGHlf.0 VALUtS MC co CO2 NOX 
GWAMWMILE Il.32 4.3 322. 1.40 

HCfOffE UOWOIHG 0.1160 4.347 321.72 I .4760 
0 GPIMS/KW 0.19h 7.70 200. * o.v2 

BEFOWE HOUNDING 0.19639 4.1014 lY9.91 O.Yl7l 

\>OY”ENlS1 FIESTA IESTING OF GODWhN HODtL IHOO DEVICE 

CI SPECIAL SHIFT SPELUS flI 10-20-40 

0 

0 
hII0 0 

L ,#’ 
2 

DILUTION f4CTOR = 15.639 
MISS EMISSIONS 

GUS. GMS/MI GHS/hH 
3.43 O.Ybl 0.597 
Y.99 2.79v J.739 

1122.46 314.518 195.433 
36.75 IO.2VP 6.399 

DILUIION FACTOW * 22.748 
N4SS fMISSlONS 

GHS. OHS/HI GHS/KN 
0.53 0.138 0.086 
2.tl5 0.735 0.457 

132B.29 343.271 213.299 
J3.11 3.389 2.106 

OlLUllON f4ClOR = 
HLSS EnJSS10N:7’*59b 

GHS. GWS/WJ GUS/KM 
0.60 O.IbP Q.105 
b.7b I .R04 .J. 71 

1026.67 2Rb.333 4 177. 19 
6.05 I.686 1.048 

MPG 
UEJGHfED VALUES 26.9 

2b.BVIb 
72-74 ffP 26.0 

25.9651 
UNYElGHIEO FlP 27.3 

27.3222 

4um. 4ua. 4ux. 
FIELOJ fJELO2 CODE 

MPG WI. L/loo*M 
26.6 11.30 0.9 

AUA. AUX. AIM. 
flLLOl FILL02 CODE 

MPG KPL LIJOOKM 
25.4 10.80 9.3 

AUX. ‘AUX. AVX. 
f IELOI f IELDL CODE’ 

MPG KPL 
30.6 13.02 

L(lOOUW 
7.7 

KPL t/lOOK’4 
11.4 0.7 
I I .4x4 0.74w7 
11.0 9.1 
11.0389 9.OSBI 
11.6 I.6 
11.6150 8.6009 ’ 

OYNO S11LIO207 TESI I 79-9905 
,, I I- .‘T.., -, 



. -----------------_--____________________ 
’ 0 OrNo 5lrtlo207 1EST 9 7Y-YUUC, I lY7Y ftIGHIAY CUEI. ECONOMY ANACYSlS I PR0CESSE0l 07:08117 SEP 241 1979 

---------_---_--___--------------------- 

141 4. ALI. FeOUIVALF.NT ACTUAL ‘OVER- /---s----- ,fS, TypE -----w-w, 

vt H- utlJ. WIJ. AEItSl n.f’. IFS7 DYNO TRANS. DRIVE ERPERIwENIAL 
VEwiCLE 1 .D. SIUY EVAP INIT. CnG. CIJIJE AChP MElti. UElGfll H.P. CONf G. CODE /------ rES1 PROCEOURE --:---I 

30 GCFRYE 34449 0 2000 7.3 HYfE 

_ I 

l DUtVE WEASURLD 
CWh AYLE AXCt: I--- IGNITION TIMING --, /w----e p) cc) -a----, IDLE SOAK COASIDOlfN 

PWEP OATL wt IWII Yt IGtil GAlIt *rCAFUAE #I *2 GPM GEAP LEfT RICH1 tom RPM GEAR PER100 TlHE 

i a 
. fHP11 

/- A*‘31ENt TEST CUNOIlIOk5 - , 
! a RAW0 *ET WY ’ CL,\ 

“MC HULH btJl.H UN! TS OYI 1 
28.97 60.5 71.n f 7 If., 

0 
ACTUAL 

IJVNO INfkIIA lNl,ILartu OVU 1Il-T NON QF.LAllVE 

0 TEST DATC HR. SITE SEIIING ,,“l.o b4.P. H.1’. onor. I’l<f SWHL FAClOP tiut4w~rr ALOEHYVES 
Y-21-19 09 0207 COO0 5.3 2452.1 45.00 O.WYcl 54.6 

; 

i e 

BAG 1 10.224 MILES lb.453 I’M 2.lrIY. ROLL WEvS. VUlX= 4Uk2.U CU.fl. 
SilE rA?lS t Xt4AIJ-S 1 FAWt’Lt hACHbHUUNU SAMPLE COHHtClEU 

RANM w rth CUNC . UANGE Yt. IEU COW. CONCtNTUAlIONS 
! a MC-f 10 14 I5.d 11 .f,h 4.7 3.45 M.Sll PW 
1 NOX-CnEr4 I7 44.2 111.7* f: 0.1 0.7S 111.50 PPr( 

. i c’ “> 
co2 73 46.1 I.IJI 23 2.0 0.042 1.099 (i 
co 17 5.h IJ.\? 17 0.0 0 II . 13.52 PPM 

, 

1 

rEIGNlED VALUES WI Cf) cot NOX 
0 GRAW/HILE O.r)h u.r’ Z27. 2.29 

HEF ORE ROUNDING 0.0554 0.1 I7 LZ7.33 2.2880 
GQAMWKM 0.034 Il. 1 1 141. I.S.? 

BEfOWE ROUNDING 0.03444 0.1105 141.26 1.4217 

’ !. 
COWNENTS: FIESTA TESTING of GUOIIHAN SYSIEWS HOIJEC It300 

SPECIAL SMlfl SPEEDS OF 10-20-40 

1 a 

OILUTION fACTOR = Il.755 
MASS tMlSSIONS 

GM. GnS/Hl tAlS/~r( 
o.s7 0.0!85 0.034 

23.30 2.288 I .*22 
2324.41 227.339 141.262 

l.R2 0.176 u.111 

AUX. AUX. AUX. 
FIELDJ FIELD2 CODE 

MPG KPL c/IooKM 
3A.9 16.55 6.0 

MPG KPL 
UElGHlEb VALUES 39.0 16.6 

38.9800 16.5119 
72-74 FIP 3H.9 16.6 

30.95114 16.5586 
UNUEltHTED FTP 38.9 16.6 

30.9434 16.5586 

L/lOOKM 

:::30* 
6.0 
6.0391 
6.0 
6.0391 

I a 
hll0 0 I OVNO SIlElO207 TEST I 79-9906 
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Attachment D 
: 

Summary of TRC Fiesta Testing 

. - 
Date ~ HC (g-m/d) CO (gm/mi) NOx .&m/mile) Fuel Economy (k/gal) Comments 

10-4-78 .58 6.23 1.52 30.17 B/L 
4-20-79 .942 7.926 1.576 34.05 Device _ _ 

Percent (+)62.4X (+)27.2% (+)3.68X (+)12.92X 

II. Performance Data (Averages) 

A. O-60 mph (sec.) 
_. 

Unmodified Modified 

South 
North 

18.13 Std. Dev. = .76 14.61 Std. Dev. = .42 
16.7 Std. Dev. = 1.15 14.8 Std. Dev. = N/A 

B. Quarter Xile Times (sec.) 

South 21.41 Std. Dev. = .32 19.86 Std. Dev. = .2 
North 21.08 Std. Dev. = .56 20.26 Std. Dev. = N/A 

III SAE J-1082a Fuel Economy Test 

Urban (mpg) Suburban (mpg) Interstate (mpg) 

Unmodified 21.97 36.80 37.04 
Xodified 25.27 36.66 39.70 

Percent Change (+)15.0% 

*Explained in Attachment I. 

(-)0.38%* (+)6.70% 



1’477 I) E I F U I 0 R b T I 0 N F A C 1 0 R S 
PROCFSSEDt 11116:49 AU& i?Llr 1976 

Ll!ZitlT 01iTy TEST.‘wITH 13 POINTS. MODEL yF4R: 77 M4NUFACTtJRE CODE1 31 MODEL NAME : f IESTP 

VFtiISLF I.D. 1ST CAR: 792- l‘.h-WA fUf.1. <ySTFM : 1 CRH 2 HHL TPANS : M-4 CONTROL SYs : AIR INJECTION 
VEHICLE I.D. 2ND CAR: COMP. PATIO : 8.5 AXLE : 3.33 
FYCIPE F4MILY : F1.WlCV.i INFJJTI4 CL. : 2030 LA N/V : 51.0 
FUEL TYPE : IND lJNLF4:>FI~, lficl C)CT DIYL. : 9H.O CI EV4P SYS : CANISTd 
COMYFNTS : 

CATALYTIC REACTOR 
EXHAUST RECYCLE 

41300. TO wnno. MILES 

HC co CIOX EVAP . co2 F.E. 
-----_-- -------- -------- -------- -------- ------w- 

SLOPE = o.or)oor)172 

INTERCC PT = O.h41n4no9 

COW?. COEF = 0.137245SA 

COEF. OF OET = O.OlAH 

STr). ERROR = O.lRHlOS 

O.fln00273’i -~.00O00471 

A.79104636 l.O?254i)75 

0.17772309 0.62271556, 

0.0716 0.387R 

2.2Q1264 O.OR9553 

I A.A90448 1.003706 

10.14A565 0.797012 

-0.00000150 

0.06901494 

0.49067931 

0.2400 

0.040425 

0.063 

-0.006 

-0.0@091731 

344.27639653 

0.4RH04642 

0.2382 

24.920015 

340.607171 

0.00006559 

24.71522614 

0.50282937 

0.2528 

1.705962 I 

24.9176 

27.9949 

4000. (CALC) = 0.647931 

50000. (CALC) = 0.72717& 

OETERIDRATION 
FACTOR = 1.122 

Il.700 O.R90 0.010 312.009 26.67nl 
5.400 1 .nnr) 0.049 378.000 22.8849 
9.500 0.040 0.140 340.000 24.R509 
H.4nn 1.050 0.0 342.noo 24,8408 
9.200 0.970 0.090 302.000 27.8605 

10.290 1.010 0.040 323.000 25.9176 
Fc.hnr) O.HOO 0.0 307.oon 27.8986 

13.00d O.P40 0.0 27t).noo 29.&516 
10.000 n.v,sn 0.0 350.000 2L.1492 

9.400 0.9sn 0.0 299, nno 28.0495 
H.300 0.910 0.0 313.000 27.0725 
7.000 0.780 0.0 309.000 27.5839 

13.400 0.670 0.010 294.000 27.9221 

1.142 0.7A4 -0.069” 0.876 1.121 

l * THIS VEHICLE EXCFEDS 1977 CALIFORNIA STPTE EMISSION STANDARDS 

298.411076 
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Attachment F 

ETHYL GORPi3RATIOX 
. . . . . - 

RJSEARCU AXD DEVELOPNEST DEPARTMENT * RESEARCR LADORATORIES 
1600 WEST EIGHT WILE ROAD . FERNDALE, ZXICIIIGAX 48320 . (313) 554-5040 

.- - ;- ._ -- :; -"Mr. John --Kekich 
EPA 
2565 Plymouth Road 
Ann Arbor, lclichigan 

--.-. - .- _ 

Dear Mr. Kekich: 

.,a *. November 9, 1979 
* 

0.. . . -. - ". -- _ _ -."."'-.“y . . ..-... __,, ,_w. . . . . _. 
:*. .p: .* 

.r r. . . . . . .  ̂ _ . G-. ---.: . . 

48105 

- _. - -...r . - 

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

Motor 82.23 

Research 91.35 . 

_ ..“. . _ ,.- 

JBH:sh 



: ; . . 
-_. _ . .- : . ;. 

. .:t.; .- . . - - _ ’ is... . . -. : . . . . . . - . . 
. ..* 
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pJicstc ttl$B are ueuany zlln. !Che teste run~~~your -~ebicf'a-wer&':;~~ .. 
Sicgb test6 with.4 .$ l/2 month ititervA1 btt&m'ttBte. . Baaed On.. ( 
t=lerz two tiate,,thk.co;lfid~ace with wbfch 4~7Z;Iucreaee..~n $uaX:.i::;;~~~~.' 
tzopcney can ;ba. c',aimrd is irery low. 

. A ; ._ i . - .., . _ ..:_ _ _ , . \ . . : . _. . ,. 
. . :. - . . . 

Z'he typ o~isliltitfr&e to be aadtd to' tbt~&ier:fbs op&ation .&: i::." 
wid sabie?< condikioxm wap ant specifitd.:. Pfeaat.imk yout..clhht~),~.;i:~ 
to dsscribe tiz ty'$e and tacocunseaded .han&&i~& bf thie aai.ik "'L :.; : .: 
fTtoz5t. i . . . -. ._., ..y."". : . . \ -. . . . . 1 .* . ..* 
730 azmunt -ef water itajected by the G&n&a Syetgme Hodel 1800 d&l-. 
vice uaa no; opcifitd. Please ask your:ciient to 'provide u~.w&i..~.. : 
the po+d .wirt.er~poun'd"fuel ratio. . . . .' . -': . .. . -: 

. 

. * .I 
&caueB ~f'ihe. abooament'ioned problem aieae wi& the devica dF&- '.I. 
criptimt apr! your tis3 te8t rteufte, it -ie. proposed that the &Odzii& . 
S~stxsn~ r;bd-tt .iNIO -device be iuatalled on. sa EPA. eupplifzd tjsitrVda-icfe 
and teBted jst &t’@A Hatar Vehicle. E&miuns. Laboratory ttr km dib-k.3 
tichigan; nit dl; allow the EPA tcri'expedlti~uely.p‘evs~uottr..~~~~ ..',I,' 
dtvfce, The folhwiug teat echedale ir proposed. Please apk.pt$.~;. 

.cfieat to ccxmizat on.tht teytiag acfauario. If it i4 acc0ft&l~~.~.pleist 

aek him td &tact kir. Hut&m of my staff to coordinms fef+$d-s- 
.Bis ttIepha&e ntiar io (313) 668-4340). 

- . . . . 
. - . . - . . * .. _. 

:. . . -I . *- . . . . . 
. :- . . 

. . . 
. .. ., : . . 

-. . . . . . . . . ; :: 
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. .T ; . Deputy.:&‘Biitgnt Rd&qittrator:~ 
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Mr. Edvard S. Xnight; Esquire 
Adkia, Gump, Hautr, and i'rld . .- ,. 

. . 1333 New Hamsphire Avenue, N.W. 
Suite 400 

. 

.Uarhington, D.C. '20036 
. 

.Dtar Hr. Knight: . 
I 
i 1 On September 21; 1979, the Emriroxxaental Protection Ageacy'r 

'I 'testing of the Goodman System Model 100 fuel tconomy retrofit device 
I 
; .:. 

.waa completed. 'Lhir testing was performed a8 part of the EPA 
optional tasting pursuant to your wApplication for Evaluation of A 

j 

Fuel Economy Retrofit Device under Stctiou 511 of the Energy Policy 
.a.nd Conatrvati'on Act." 

Prior to initiation of the testing, a letter var sent to your 
office A8king for clarification on several points presented in your 

.-rpplication for evaluation. As of October 23, 1979, EPA has not 

b 

.-received any response to these requtstn, On October 11, 1979, your 

ii, 
.' telephone conversation vith Hr. Ptnuinga of my staff indicated that a ' 

l teond "511 Application" vould soon be presented to EPA. 

i Ibe EPA needs to complete the evaluation of the Goodman Systems 
Model 1800 as expeditiously aa possible. If it is your desire to 
bevt your reeponet to the September 21, i979 letter considered in 
the publi'shed evaluation, please forward your response to this office 
before October 30, 1979. . 

Sincerely youra3, 

Hichael ?. Walsh 
Deputy AssistanL Administrator 

for Mobile Source Air Pollution Control 



R'crt VirKinio 0,fficc: 
4 Errrpillr Piire 

Summit Point, if’. 1’0. 25446 I 

Ntw York Off&: 
I 

2.4 Byron Brook Place 
- ‘. / . . , Arnlon~. X.1’. 10504 : 

November 6, 1979 

Mr. Michael I?. Walsh 
Deputy Assistant Administrator 
U.S. En\~i:onrxntal Protection Agency 
Was!lir?gton, D.C. 20460 

This is in regard to your letter of September 11, 1979. The followitg are 
answers to the. qucscions you posed in tile aforementioned letter to 
Nr. Ed Kni;,Yt . . 
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A. Th@ valve action is so nearly the same as the original that the 
difference is undcLectable. The'major difference is in the width ., 
Of t.c lobes, since! the Pinto'nnd Cnpri czmshafts sotilctjmes wore 
prematurely and the Fiesta lobes were made somewhat wider to give 
m3rc benrizg area. The amount of vacuum advance was increased 
slig!ltly 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 cooli.ng effect of the 
water, t!x EGK valve is no longer required to suppress the formation 
of KO::, SC it V.VG disconnected. The carburetor jetting remained 

, tile ShlilC. 

Consider alsg that the "60 >Iinutcs" transcript was the result of 
many hours of filming, and was not intended to be a technical 
discussion, nor w;is it in any wnsy edited by the inventors. 

III. .hy projcctior! ES to the future emission levels is just that, a pro- 
jection nr.d r:othing mare. Hcwcver, in our defense: 
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A. -since the TRC tests were the firs:. time the car had been tested, 
so unless we are willing to ass ume that the optimum sett-inss were 
found 03 the first attempt; tlkse results should be improved with 
further rcfi-nemcnt. . '.- 

IV. It is our understanding that acceptable correction factors were included 
in the TRC data to correct for such things as the temperature, humidity, 
barometric pressure, fuel temperature, etc., since these things are 
constantly changing from day to day, we must assume that the .control of 
the wenthcr is beyond even th e legislative pox;ers of Congress, or 
they have been miss-ins a sure way to get xx-elected. 

VI. As for Mr. Ohcrt: 
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VI. 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. AnFay, maximum; power is' produced from most engines . 
when tile 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 aproperlv calibrated and 
atomized water injection system frees the engine designer from the mor,e 
normal ways of reducing emission, i.e.: retarded spark timing, low and 
inefficient compression ratios and the recycling 02 exhaust gases, 
all of which severely restrict engine efficiency. One only need 
look at the current state oL the art production engines, large 
struggling masses of iron producing tremendous amounts of waste heat, 
producing appro-cimatcly one-half the horsepower per cubic inch that our 
engine is producing, their sheer mass necessitating ever larger 
ancilliarics 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 bc the end of the research, only a good start for 
what we have had to start with. 

VII. n;;, . * thUlgS. .C)ne, 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 in our day to 
day driving. The conditions were such that the engine was producing so 
little heat that the combination of the additional cooling of the water 
droplets on the choke plate overcame the electr3.c choke heating coil which 
is only 5 ~stts. A 5 ix+> 1.e 2djuSt::e:it t0 the 5. ntakc. preheat air box ha.s 
sii:c e mred the :ronblP, oth?rvi.i:.- t11c ~::bufba> C~-C~Z sli~:~;ll.d liavc sho-.;n 
3 gllil s c6 L' L; 11 e 1: 3 '3e';:;k!r.n t!lC 15% 2!1;! " 7 ill2 I .2x ShG’.Ti: for the cr'z~n .nnd 
hi~;lx:r?y cycies respect2vcl.y. As for tiie c;ccuracy of the indicated gain, 
it was thr- result OS testings per SXL Fuel Econoc;' 1;easurement Road Test 
PrzccA-rc - S;t,E J:!fi~~~ *.:i;lckA is p*.f-');:*r': in ';1.;~ 'Ti;C yc~oy;. .-L L&&L\.U :;o',e :rha;, the 
test ye:jil:.rt:s 'ihat t,,:j c O,,:;iLJti\c l-c;:7 b2 xlde r;Lttin 2;& fuel cco:lcn;)' 
and f.ixe. (I;cstc: 

‘7.1 
L,~ i :: rt.?,St VZ!; Gil:?.? ?:y i,P:LSUYri!:; tile g;lh ill iiii2 ‘.!a\’ 

1.7~ i:.:v -: L . TE 5 1.: i lit ] j ..y ) :’ , : F; ,717, , i-,:.: ;,y (:c’.<:q ;- 1 y‘ i .71 ijC‘!l !“nl ::I.11 t :.’ f !I 

; 1,: i.‘.,,,’ ,, ” L. J _ ‘, .., , _ L , 
.-,. ,.. , -, ,. 1, J’ c : c.” ; :, 1 :: . i 

: : 
./~.., :-, II I . ,:‘OL~~~‘! t:t:<, !.:: - ‘...‘iL 

E‘or wllncever it is \,:ort):, in day tti day driving Sol. 5,000 miles before 
thr- engine VCIS modiii~~d, the cumul~ltive average L.J~IS just over 33 mpg. 
Sir,ce the ;r:or~ific,l iioi,c. the mil.cr:g,e under the same conditions witi> the 
sari3 general routes Si!d iirivcrs 1~~s nvcrageJ abo:!t 43 mpg. Tn the 
Popular Science test, Rny Xl1 repcrts a 41 mpg average, including 
several accclcration rl::Ts zrcl crossing the moanta:ins :i.n and out of the 
Shandoah Vailcy ti;ice with three people nnd l.ul;S~~~,c, (November, 1979 
issue) Mother Earth Nc~s tester David Schoonmaker rcportcd 51 mpg under 
somewhat less brutal c!riving vith only two passcngnrs. 
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VII-C. \cTc used any available source of methanol such as "Solox" shellac thinner 
in a concentration sufficient to prevent freezing. In the event that 
the system is accidentally allowed to freeze, no permanent damage is 
done to the system. Generally, just allowing the car to sit forma few 
minutes with the engine running will thaw the system. Incidentally, 
although the addition'of alcohol is sulipose 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. 

IX. 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 gasoline use by volume and under pcr:iods of 11envy . 
load or acceleration the rate automatically increases to about 10%. In 
our average driving, the water consumption is about 5% of the fuel 
consunptiou. 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 cyiinder distribution. 

Respectively submitted, 

Torvnta P. Goodman 

- 
L&nice 1:. Smith 

E 



51 ATTACHMENT J 

> 
z 
n 
Z 
cl 
u 
w 

-I 
W 
7 
IL 

II 
t- 
In 
W 
- 
‘LL 

a 
r 
Ill 

‘ , . - ,  

a 
I- 
II 
cl 
a 

t 
I 

w 
LI 
a 
Ill 
J 

z 

. 

In 
> 

J 
w 
3 

u 
lJ 

1 
i 

1 

. 

. 

\ 



Attachment K 
Page 1 of 3 

. . . -. I _ THE OKIO’ STATE W:~IVERSITY.. .- : 

August 22, 1979 

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

Dear Pat: 

You h&d asked that I $~it in writing the reasons fcr. - 
my euthxsiasn for the modifications you made to improve 
fuel !r;ilesge of the Ford Fiesta shown on "60 14inutes.11 
Please feel free to show this explana-kion to anyone who 
may be intercstcd. 

I am er,clo'si.;clg scze "vages from a regort cn which I 
was co-author in 1943, still in some libraries as X'ACA 
'A'2rtixe Report Iuo. E-20, znd a page which is part of the 
sup?lmentary notes I hand out in my course here at the 
Ohio State University, Fiechanical Engineering 63~, Inter-".‘ 
nal Coiztiustion Engines, and have been usir,g since 1973. 

I would describe your system as t'ne addition of a 
fclJ:;- n0dul.ati.n~ water injection system which incorpcmtes 
32 a +c:3jJiJ7; 2.i: p-c::3 I ay'f othey;iise ::o aciditional parts 
except th?-t some eri&le~ miky:q4< -DC-: imr;y:jyc-d by zubrtFt-,:te 

The actual benefit, ir, ;li specific crgine-vehicle com- 
binatioz will der,czd 02 2 number of details: Compession 



a 
, 

. . 
53 

pk. T. P. Goodman PJ&g.st 22, 1979 
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. 

ratio, cam profiles, carburetion, transmission, and the 
torque conv,, =rter (if any) match. 

, 
Without any changes at h 

all except the addition of the water injection system, it 
is doubtful that much mileage change would be noted, but I 

. I -mustt--add here that the.R-26CC'engine covered in the NACA, * 
Report improved about 2 per cent with fine water spray at 
the intzke ports, and lost as much as 7 per cent with the 
water entering the supercharger inlet from a Y/&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'possibility 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 ty?e which has to be run with retarded 
ignition timing on the fuels available today; Originally 
designed and built for 100 RCl< preziux gasoline, these 
are running kiith :e+;arded timing and resulting p,o9r mileage. 
'Ilith tsater injection, the timing could be restored to op- 
t inum with substantial im?rovcment. In addition, the 110x' 
emissions would drop substantial.ly. . . 

l . 

It is ::once?'vabY! e to me ';ha-L \;e may be forced to uvIA- enn 
sider increasing the yield of gasoline from crude by going 
-to 2 lover octane product. Todzy ' s cars could run on, say, 
70 0ctzn.e with water injection. 

In my opinion, the fine modulation of the amount of 
water injected is a rather important feature of your system. 
For best efficiency, it is desirable to keep combustion 
temperare from b~c~mi.n~ too icw. If there is .too much S 
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If?. T. P. Gocciman August 22, 1979 

quenching (due to cocling) combustion is slow and less 
Work is done on the I;iston, and in the extreme, misfires 
may resultl giving poorer mileage in either case, and a 
large increase in hydrocarbon emission in the case- of the 
misfire. it is a fact tha.t the + residual gas in the cyl- . 
inder as the e-xhaust val'7e closes provides a sort of auto- 
matic exhaust gas recirculation. This residual gas is 
inert, having been burned, and reduces -the flame tenpera- 
ture. It is a larg e fraction of the burning charge at 
part 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 >J@X emissions are gen- 
erated. For this reason, the >iater .in;ection rate should 
be highest fcr eny given engine rpz at wide o?en thrsttle *- 
and should TAPZR OFF to zero water flow at some part-throttle 
value of manifold vacuum or other parameter. Yours is 
the only system I am aware of which incorporates 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 dlfferer;ces bet\;een various systems become impor,: 
tant. I regard the full modulation of the water flow rat&' 
which you have incorgorated, and the atomization you are 
using, as important features. From my own experience in 
engine testing Yith water injection, I know these make a 
dii'fere::ce in how an en;;i;ne runs. 


