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Abstract

This paper will discuss the effect of an iron based fuel
catalyst (ferrous picrate) wupon fuel economy and exhaust gas
emissions in a fleet of diesel powered tanker trucks operated by

Triangle Gas Company, Butler, Pennsylvania. It will be shown
that the catalyst can provide significant cost savings to the
diesel fleet operated by Triangle Gas. It will also be shown

that a test method that measures changes in the carbon
containing gases in the exhaust stream is an accurate means of
determining changgs in fuel flow to the engine. /

Introduction

An aftermarket combustion improver called Fuel Performance
Catalyst - 1 (FPC-1) contains an iron based catalyst (ferrous
picrate) that has been tested extensively in EPA recognized
independent and university affiliated laboratories. These tests,
in both gasoline and diesel powered passenger vehicles, have
demonstrated that the catalyst can provide fuels savings of 2% to
10% depending upon vehicle operating parameters, equipment
condition, age and mileage.

Field testing, primarily in heavy duty diesel fleets,
substanciates laboratory findings and also reveals the catalyst
can be an effective means of further reducing operating costs by
inhibiting the buildup of hard carbon deposists on critical
engine components.

This report summarizes the results of the Triangle Gas
Company evaluation of the effect of FPC-1 on fuel economy .in it's
fleet of diesel powered tanker trucks.

Measurement of Fuel Economy -
Carbon Balance vs Direct Measurement

Until late 1973, vehicle fuel economy had been determined
primarily by using various test track or road test procedures.
In September. 1973, the U.S. Environmental Protection Agency
(EPA) introduced a method of determining vehicle fuel economy in
conjunction with its chassis dynamometer emissions test. This
method determines fuel consumption based wupon vehicle exhaust
emissions through a "carbon balance" calculation rather than a
direct measurement of fuel consumed.

Starting in 1974, the carbon balance method was used solely
in the EPA, CVS cold start emissions test cycle (LA-4 Cycle). 1In
1975, the cycle was modified adding a hot start (FTP). Later, a
highway test was also developed (HFET).



A series of tests done by Ford Motor Company compared the
traditional fuel measurement techniques (volumetric or
gravimetric) to the carbon balance method. The results,
published in SAE Technical Paper Series 75002 (EXHIBIT A)
entitled "Improving the Measurement of Chassis Dynamometer Fuel
Economy", confirmed

"fuel economy results obtained by carbon mass balance
calculation of carbon containing components in the
vehicle exhaust are at least as accurate and repeatable
as those obtained by direct fuel measurement of fuel
consumed."

The Ford Motor study determined +that the most important
factors in the measurement of fuel consumption with the carbon
balance method are:

* For fuel consumption, the measurement of CO2

* For distance traveled, the dynamometer to vehicle
interface conditions, precision and manner in which the
vehicle is driven

* Use of standardized test equipment and procedures,
calibration and ambient condition correction methods.

The exhaust gas analysis/carbon balance technique of
determining fuel consumption changes used by RDP and UHI
personnel uses a state-of-the-art, non-dispersive infrared (NDIR)
exhaust gas analyzer made by Sun Electric Corporation, to measure
CO02 and other carbon containing exhaust gases. The Sun Electric
SGA-9000 Exhaust Gas Analyzer is approved by the EPA for:vehicle
emissions analysis. The SGA-9000 is calibrated internally using
Scotty Calibration Gases as recommended by Sun Electric. A SGA-
9000 brochure with instrument specifications is attached in
Exhibit B.

The method used by UHI and RDP does not require that the
vehicle travel, nor does the vehicle interface with a chassis
dynamometer during testing. Consequently, inaccuracies created
by improper dynamometer to vehicle interfacing and errors in
driving do not exist. Further, a miles per gallon figure is not
given as a result. This method measures fuel flow to the engine
at a specified 1load and rpm, and makes comparisons on a
percentage basis between the consumption of control fuel (not
treated with FPC-1) and the FPC-1 treated fuel at that load.

Ambient conditions are not corrected for in this method
since studies by Ford Motor show ambient conditions have a
maximum variability effect of only 0.6% on CO2 readings.



Although, not as controlled as an EPA laboratory test, the
carbon balance method utilized by UHI is the most accurate and
practical means of measuring fuel consumption changes in the
field.

Additionally, the carbon balance method has consistently
proven to be more accurate then monthly mpg fleet records.

The technique measures exhaust concentrations of carbon
dioxide (CO2), carbon monoxide (CO), oxygen (02), and unburned
hydrocarbons (HC). Exhaust gas temperature is also measured and
engine load is determined from engine tachometer readings.

Methodology

The fleet of eight diesel powered tanker trucks owned and
operated by Triangle Gasoline Company was selected as the test
fleet.

After calibrating the SGA-9000 analyzer and the IMC
thermocouple, and performing a leak test on the sampling hose and
connections, each truck engine was brought up to stable
operating temperature as verified with engine water temperature
and exhaust temperature. No exhaust data was recorded until
each truck engine had stabilized.

The fleet was first tested, operating at 1900 rpm, followed
by a test at 1600 rpm. Readings of C02, CO, HC (measured as
CH4), 02 and exhaust temperature were taken at approximately 30
second intervals.

After recording the first two readings, the SGA-9000 auto
calibrating button was depressed and the instrument "checked
itself" to prevent any drift. This self checking procedure was
repeated after each set of two data points throughout the entire
1900 and 1600 rpm test. Several readings were taken on each
truck and at each rpm. The data sheets are enclosed in Exhibit
c.

After control testing, the fuel storage tank from which the
Triangle fleet is exclusively fueled, was treated with FPC-1 at
the recommended 1 to 1600 ratio (1 o0z. FPC-1 to 12.5 gallons

diesel). This took place on the evening of April 16, 1987.

On May 20, 1987, after accumulating a fleet average of
5,261 miles per truck with FPC-1 treated fuel, the above
procedure was repeated. The treated fuel data sheets are

attached in Exhibit D.

All fuel used during the baseline and treated test segments
was #2 diesel purchased through the same fuel supplier.



Special Note:

1.) The test procedure calls for a sequence of rpm testing
at 1900 and 1600 rpm, on the same equipment, to show that the
change in fuel flow between the two loads can be demonstrated
with the SGA-9000 Exhaust Gas Analyzer. It is obvious that a
drop in fuel consumption will occur when reducing rpm from 1900
to 1600 and it shows up readily during the baseline test. This
validates the concept of fuel flow measurement with exhaust gas
analysis.

2.) The 1900 rpm load is more indicative of actual engine
operation and improvements at this rpm are more meaningful.

3.) After having completed treated fuel testing on eight of
the nine trucks in the Triangle- fleet, a leak was detected in
the SGA-9000 sampling hose. Several of the trucks were retested
to determine the percent of dilution in the exhaust gases caused
by the leak. The percent dilution was determined to be an
absolute .3% CO02 and all CO2 readings were corrected. The
correction resulted 1in a decrease in the overall fuel savings
demonstrated by the addition of the catalyst.

4.) A qualitative technique for determining reductions in
smoke and particulate was performed during both control and
treated fuel test segments. This was done by attaching a new 25
micron filter to the SGA-9000 sampling hose at the beginning of
each test segment. The filter traps unburned fuel that is
exhausted from the engine as particulate or soot. A comparison
of the control fuel and treated fuel filters revealed that the
fuel was burning much cleaner with FPC-1 as particulate volume
was visibly reduced in the treated fuel filter. The control test
segment involved ninety minutes of sampling; the treated segment
lasted one hundred and five minutes.

Equipment List

Unit # Make Engine Mileage
116 Cummins 400 240,490
114 Cummins 400 113,792
112 Cummins 350 27,459
117 Cummins 350 83,926
102 Detroit 430 491,188
101 Detroit 430 613,849
115 Detroit 430 474,779

30 Mack 673 178,101



Summary
The data from the 1900 rpm test control and treated fuel is

summarized on Table I. The 1600 rpm data is summarized on Table
II.

Table I

Summary of Exhaust Gas Data at 1900 RPM

co HC co2 02 Exh. Temp.

Control 0.026% 19.70ppm 2.17% 18.48% 331.8 * F

Treated 0.025% 20.10ppm 2.00% 18.63% 331.5 * F
Table II

Summary of Exhaust Gas Data at 1600 RPM

co HC co2 02 Exh. Temp.
Control 0.026% 25.15ppm 1.81% 18.86% 297.7 *F
Treated 0.025% 21.20ppm 1.71% 19.00% 298.9 *F

From the above data, volume fractions can be easily
calculated and weighed using the known molecular weight of each
gas. A total molecular weight and engine performance factor can
then be calculated from which fuel consumption changes can be
determined. The volume fractions, total molecular weights, and
engine performance factors for the 1900 rpm data are found on
Table III. The same for the 1600 rpm data are found on Table IV.
The engineering formuli from which these are calculated are found
in Exhibit E.

Table III

Volume Fractions for the 1900 RPM Data

Control Treated
V£Cco 0.00026 0.00025
VEHC 0.0000197 d.OOOOZOl
vECco2 0.0217 0.0200
vfo2 0.1848 0.1863

Total Molecular Weight and Performance Factors



Table IV

Volume Fractions for the 1600 RPM Data

Control Treated
VFCO 0.00026 0.00025
VFHC 0.00002515 0.00002120
VFCO2 0.0181 0.0171
VFO2 0.1886 0.1900

Total Molecular Weights and Performance Factors

Mwtl 29.05 Mwt2 29.03
pf1l 333423.31 pf2 3563624.46
PF1 210523.48 PF2 223258.55

Percent Change in Fuel Flow

223258.55 - 210523.48 = 12735.07

12735.07
210523.48 x 100 = +6.05%

Conclusion

Based upon the data gathered during exhaust gas testing with
and without the FPC-1 Fuel Performance Catalyst, the addition of
FPC-1 to the fuel used by the Triangle Gas test fleet created an
average 8.26% reduction in fuel consumed at 1900 rpm and an
average 6.05% reduction in fuel consumption at 1600 rpm.

Additionally, the catalyst treated fuel burned cleaner as
demonstrated by the comparison of the control and treated fuel

sampling hose filters. Photographs of the filters are found in
Exhibit F.
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TRIANGLE GASOLINE CO., OF BUTLER

DISTRIBUTORS OF
GASOLINE, FUEL AND KENDALL LUBRICANTS
1100 NORTH MAIN STREET EXTENSION

P. 0. BOX 30 BUTLER, PENNA. 16001
PHONE 283 - 0750

EARL C. ZINN DAVID E. ZINN

August 11, 1987

Mr, Lee Pope

U H I Corp.

750 North 200 W Suite 306
Provo, UT 84601

Dear Mr. Pope:

As a company, we have been selling #2 Fuel for probably twenty
years and during that time never once have we ever used or offer-
ed for sale, an additive of any type.

About two years ago your salesman, Mr. Ed Nusser, called on us and
asked if we would place your product, FPC-1l, in the fuel oil of one
of our customers, namely Armco Inc. Needless to say, at that point
we were skeptical but agreed to do it anyway as a favor to Armco.
Time passed and Ed again called on us, only this time he wanted to
run a test on our own fleet using FPC-1l. Again, we were skeptical
but went ahead. As a result of this test, and the quality of the
test equipment, we were most impressed. Probably the biggest factor
was the cleanliness of the filtration unit in the test equipment
after the months usage of FPC-1l. 1In addition, our records showed

an approximate 7% savings in fuel ‘mileage on our over all fleet. At
this time, Ed approached us about distributing the product within
our sales area and as you know, we are doing just that.

We feel that given some time and reasonable effort, the product will
definitely become an imporéant part of fleet maintanance for our
customers as well as a good profit item for us. We are excited about
your product and hope to become one of your most successful distribu-
tors. '

DEZ/nr




Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Analysis Form

Neme of Company 72//71/6(5 0s¢

Date of Test Al A sFE7

Type of Equipment Tested _ / '
Engine Tvpe and Specs %c/’o (7_? 7

Identification No. = 20 Milage / 7é//”6’7 /

Typre of Test

Ambient Air Temp.
Exhaust Readings

CO HC CO 02 Exh. Temp. RPM

Lps Y 2.9¢ /2.4 A

e g5 Jb RIY ey 350 700

2 05 35 Q278 RS 359 700

0 35 D)7 177 35Y /7PD

Sl A5 277 J27 35T /700

535 Qz;?é 182 302 L

2.5 25 236 )83 29 /602

.06 35 228 /9.5 299 [boo

.05 T 229 MR o%a/ /660

10.05 37/ o/)n%y /ﬁ 2 30/ /A ¥a

Length of Test in mimites  // 7Vfstsw
A AT

Signature of Technicians




Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

ne KrepT

Exhaust Gas Analysis Form

Name of Company "vﬁ(’)ﬂm—ée‘ 645
Date of Test H— 19- g7
Type of Equipment Tested *
Fngine Tvpe and Specs 400 _riim TuvgBo
Identification No. [/ Milage R 40 490
Type of Test
Ambient Air Temp. & 3
Exhaust Readings
co HC co, 02 Exh. Temp. RPU
3C%
. .03 232 ANy 18.7) =) 190 &
2. .02 22 2.17 /8.9 367/ [900
5,63 2 205 7.0 3¢k (900
b .03 22 Qi /8.8 3¢¢ [F0O
S .03 23 204 7.0 3¢3 1904
6. 03 e 191 /8.) 32| J&oo
7403 29 JEF  J%) 3/9 Jes O
8. .02  2Y 2.9 N i 2. 323 [(0O
9. +103 23 .90 /8.8 329 [£0Y
0. ,n3% 29 AN, [9. 7 323 (€00
Lergth of Test in minutes q

Signature of Techniclans

Side gu/l



R%search Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842
%D

Exhaust Gas Analysis Form

/‘
Name of Company | p1lwel e 6u s
Date of Test -16-%7

Type of Equipment Tested

t

Engine Tvoe and Specs </()0 C Ommy ‘/U§ Tuﬂ o

Identification No. || L‘/ Milage i 137292

Tvpe cf Test

Arbiert Air Temp.

Exhaust Readings

co HC co, 02 Exh. Temp. REM

1. .03 AL /] .5 385 /9060
2._.03 AT .20 /8.9 35L [70 0
3. W3 Y% 1) 2 1.9 38 [900
b W3 29 1. 70 /85 385 /700
5._.0% 28 (2 )%% 387 [200
6,03 2 143 17.] 332 2
7. 0% 27  }Y2 [ ] 232 /00
8. 0% 2% 1.k 17.3 332 %%
9 ip2_ Y [-$] 19/ 232 /¢ 00
0. .03 2% 1.&I /12 3 33/ (00
Length of Test in minutes Vi

Signature of Technicians
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ResearéhMDevelopment Products « P.O. Box 53, Evans City, PA 16033

« 412/538-8842

a\¥
Fxhaust Gas Analysis Form
Name of Company T pinncle  64s
Date of Test G J. g7
Type of Equipment Tested | ¢
Engine Type and Specs____ &Y 5T, Tug Bo
Tdentification No. /02 Milagze 49| |8 Y
Type of Test
prbient Air Temp.
Exhaust Readings
co HC co, 02 Exh. Temp. REM
1o 0 22 l9a /&3 290 | 700
2. .02 24 20¢ /8.3 < / 1900
T ) ) R R & 1990
L7 /
b 02 /5 17 ¢ Ya A L9/ 1900
5. _10* 13 - 1.7 /8] 29 ) . 1q0Q
6. 0> 172 /.35 /9. 1 259 /L0
7. 0> % /.33 /9. 2573 /600
8. .0 23 135 2.5 R5% [ (60
9. 0% 2% 135 /9./ 283 [Coo
10. ,0% Q) /.33 19.9 25¢ )6
Lergth of Test in minutes q

Signature of Technicians




Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Analysis Form

/
Neme of Company Ipkle o/
Date of Test //,04/4, A s /f/?
Type of Bquipment Tested : '
Engine Type and Specs 330 Ctvmmin. _J0RBO
e eieaton fos ] ) Milage Q3926

Type of Test

_ ) 7
Ambient Alr Temp. 77

Exhaust Readings

o He o, 02 Exh. Temp. RPM
1. ,073 29 Lac¢ %R 35 1 /900
2., 02 3 ) /.90 /8.4 353 /900
3.__ 03 2% /. 89 /9.0 354 /G OO
L, .03 29 /.39 /8.7 3877 /900
5. .03 A8 /5 /9.2 35X 1900
6. (& 26 ). ¢y 19: 0 33 /00
7. /02 b )44 /9.0 33¢ /(00
8. .o 2L /.63 /9.4 335 foe
9. .02 U VXA /X9 33Y /(0O
10. ,O 26 Ly 79 ] 333 /O O
Length of Test in minutes 1] it

Signature of Technicians




Research Development Products « P.O. Box 53, Evans City, PA 16033 + 412/538-8842

Exhaust Gas Analysis Form

Name of Company /Iﬁ[,q/uél;é &ns

Date of Test 4- Je-87

Type of Equipment Tested '
Fngine Type and Specs 350 ¢ U m my ,us w 'Y g(p
Identification No. / / 2 Milage A2IY 5’(}
Tvpe of Test |

Exhaust Readings
co HC CO 02 Exh. Temp. RPM
203 33 29 80 F5b /700
P32 24y JF 356 /790
I8 R R0 B2 FA3 /700
0 02 2 24 )5/ 357 /700
s [2 AR RYQ 9.0 357 /7%
WA Y L¥T BT T/O Lo 1550
002 RY LE¥T 8T o7 00 )50
.08 Y 18T BT 309 /528 45250
0.9 A 187 199 308 - feessso
PR 35 )3 KT BT U550

Length of Test in minutes (2 ¢zca))

f—t

N

Signature of Techniclans

10
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EZ’»?‘F *_'3 tJ Research Development Products « P.O. Box 53, Evans City, PA 16033 . 412/538-8842

Exhaust Gas Analysis Form

Name of Company Teian &le o1 &

Date of Test L/-/QX?

Type of Equipment Tested _ _ l

Engine Type ard Specs Y9 430 peT D TurBo
Identification No. [0 | Milage é/?gq90 Ho R
Tyre of Test

Ambient Air Temp.

Exhaust Readings

co HC co, 02 Exh. Temp. REM
1. ,0l 42 .95 /5.6 RE9q /900
2.0l 22 ).7Y R4 270 (90 0
3 ,0) Al 193 /7. & 209 200
b 2 22 /93 /8.7 ACq [Z00
5,01 ) 1.9 /9. 2 27 ] 00

) 6. 02 2 ). /8.8 250 /o0
70X 2 ¥} 12! /5.y A50 Y/ AeX?]
8._.02 Y )20 /39 24K (60U
902 2¥ e /8.9 247) [ oo
10._02 A3 71 /9 9 24 (, ) Coo
Length of Test in minutes |

Signature of Technicians
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Exhaust Gas Analysis Form

Teiawele

Name of Company

Date of Test Y-/

Type of Equipment Tested i

Fngine Type and Specs 4/30 PET /)/U/( fo
Identification No. I } S/ Milage L_/ 7 4/ 7 7 ?

Type of Test

Ambient Air Temp.

Exhaust Readings

co He L. Co, 02 Exh. Temp. RPM
w2 a3 | 261 %O 309 /500
2._.02 QY 26/ /7.9 31 (90O
3. ,072 24 2.5¢ /8.4 310 [ 200
b0 17 25/, /5.0 37/ /90 O

502 )9 D.8¢ 172.9 3/0 [0 0
6. .02 22 2.5 /8.9 2] [Lo o
702 25 223 )&Y 283 [¢o©O
8. s0% 22 230 /8F %5 JLoO
9. .02 27 9 2l /8.4 283 Jeo©
0. .p 2 2.2y 19.0 QI /(60
Length of Test in minutes 4

Signature of Technicians
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lName of Company

Research Developmem Products

Exhaust Gas Analysis Form

P.O. Box 53, Evans City, PA 15033 .

ﬁuﬂm&éé‘

CAS

412/538-8842

Cate of Test

./77/4\/ lg
- /

¥7

Type of Equipment Tested

Engine Type and Specs

Tog Lo

380 Cuvmmiws

Idzntification No.

Type of Test

112

Milege

Ambient Air Temp. gnd foet
Fxhaust Readings puert

co HC 005 02 Exh. Temp. RPM

1. .O03R 122 47). 8¢ /8.7 3%‘ | 700

2.+ 062 /7 L35 /3.9 36t Wi

502 R vy JRY 322 /700

b 02 )® 247 1¥Y /3.4 37/ /200

5 .63 /8 2./ L&D 120 372 /900

€., 02 /X 42727 LY7 k.Y 3077 [596, 1550

702 SR 7L YE A5 29 L /55O

8_102 ¥ L7E )L /8.9 3097 feor /58D

G102 /% 77 )7 V2 Ae 3/ [0 1550

10._. 6 22 4 )G /3. & 3/ Loe 1550

Length of Test in minutes /19 m AL

e of Techniclans




Hx\?;}j@ é’!ﬁ (,"‘,‘F‘ég}earch oeveloprqem.Prodgct:s: + PO. Box 53, Evans Cily, PA 16033 « 41_@53&539 |

Exhaust Gas Analysis Form
Name of Company ﬂlggwéé‘ &Eps
Date of Test mx;;( 20 1982
T™ype of Equipment Tested : }
Engine Type ard Specs 440 PeT Turbo
Icentification No. | | O Q Milage &9 36 09 +f
Type of Test | L
Ambient Air Temp.

Exhaust Readings
co HC co, 02 Exh. Temp. - REM

.02 1% yg°pes /8.9 ;00 226 /900
2. e 2 1) S o 272 1900
502 D £4v) 62 )22 273 900
b 2 ! 2 152 %% 17y /960
5., 0> [ c77 )49 /39 274 /900
6,02 [F r#8 0% 128 248 /€00
7_ 02 JX 90220  79.) 248 l6g o
8. ,092 1) 2z )i 19 o 243 /60 O
9. ,02 12 225 )1K 19 2 243 [Co O
10. ,02 /19 LY 19.¢ 293 /600
Length of Test in minutes g min |

Signature of Technicians




Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

I QI@_ o

Exhaust Gas Analysis Form -
Thinnele
maN 20 1587

Name of Company

Date of Test

T™yre of Equipment Tested

DeT— D Tokbo

4

Engine Type and Specs 5§92 4 30
] l Ivl_ﬂ
T
Identification No. /O / Milage

Type of Test

A 620 /290

Ampient Air Temp.

Exhaust Readings

co HC 0o, 02 Exh. Temp. REM
L] (8 c7 )L /39 2.1 /900
2,0l |7 2e 4 786 27/ 1900
3,01 g 7)) /9.9 272 [0 0
b, 0] |2 s 72].067 /3.7 DY (700
5._10) J2_ 775 ) L3 /7.2 223" (g00
6._, 02 /% LYY /9.2 25 3 (600
7,02 /) }.92 /37 QYY (£6 O
8. , 02 19 Y2 /9 3 5L ) Lo
902 Y /92 /8.9 25T (Lol
0._.0* )9 L 43 /9.3 55 ) 600
Length of Test in minutes wi Yy

Signature of Techniclans




Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Analysis Form

Name of Company /]/ /(m»,;,aég

Date of Test f-72- 87

Type of Equipment Tested t
Fngine Type and Specs 430 De7 T ovelo

Tdentification No. /1§ Milage 499799 Z747¥
Type of Test

Ambient Air Temp.
Exhaust Readings

co HC co, 02 Exh. Temp. REM

102 20 23 172.7 309 [9o0

2. 1062  9n 223 /7 341 | PO
5. 102 24 214 )58 3/6 [ o
L, .02 | 7 2 /0 / 80 31 /900
5. 102 | & 207 /8. / 326 WAl
6. O] J7 )B4 /83 agl Jeoo
7. 40 | /7 L8 sy 283 (7%
8. .03 20 286 /9.2 &S /00
9. L0 /7 L8¢  /8.5 2%3 (oo
10. ,02 /7 /. 3 /8.9 28/ (602

Iength of Test in minutes

Signature of Technicians
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Eﬂ'@ S;l Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842
& prs s : > ¥ SFALY, -

Exhaust Gas Analysis Form

Mame of Company /rl(l Aréle cpS
Date of Test : - mA 20 )98/
[4 L4 B
Type of Equipment Tested 3 ks ' ;
Frgine Type and Specs ' 3B0 S //IMKQ
Identification No. ¥ /] ) 70‘& Milage 90 LIK ”‘f 0]

Type of Test

Arpient Air Tenp.

Exhzust Readings

co HC co, 02 Exh. Temp. REM
1,02 27) /80 /7.3 3¢9 [0 e
2, 103 AL g vyl L RBEEL RN gghnt st
3.0% 27 /726 /2.2 e %o
4., /03 27 .75 /8.5 33 [T x5
5.- 6%~ -9C ~ LK /5.8  3L3 ' 1900
6. 1+ 07 20 /sy /99 337 L
P 02 A Y, ) 7.0 337 Jes
8.0 2 X L5) /8.3 333 a2
5. .03 27 IRy /9§ 33% oo
10._,062 ]A /5 ) /89 333 600

lLergth of Test in minutes

Signature of Technicians
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Exhaust CGas Analysis Form
{/« [Bwb Ll &
MAy 20, ¥7
7/ 7

- Name of Company

Dete of Test

Type of Equipment Tested

Ergine Type and Specs i 460 CUpwm s U< v {u(//)
Identification No. — /)¢ Milage @;— 120 747
Type of Test | 7,
Ambient Air Temp.
Exhaust Readings
o HC co, 02 Exh. Temp. RPM

1. 675 Al 148 /3.9 376 1700
2.1 3 1YL 8.9 3¢5 700
5,03 2Y ov a4y 49 ) 37 /240

L, 03 24 s72 ). 93 )F.0 3£7 /900
5._.03 23 /.4% /7.0 3¢Y /200
6103 24, 422 49y 3% [ 60

7. .05 23 /.22 /% 1 340 /600

8. .03 24 [ 22 /2.3 3397 (600

5. .03 24 [-20 )9,/ 339 /600

0. 03 2§ /21 1.2 33¢ Jlaon
Length of Test in minutes /0 ML

Signature of Technicians




Bﬁ' 0 jﬁ [J Research Development Products < P.O. Box 63. Evans C_ity. PA 16033 « 412/538-8842
é } Cn

\ﬁ((oy CEE ComBTE K"'”;"Q:I\
Exhaust Gas Analysis Form

Name of Company /// Linpel e s

Date of Tec: - m Ay O 198D

™mpe of Equipment Tested P ™

Engine Type and Specs

Téentification No.__ ~ )] ok Milage 246 950
Type of Test ‘

Ampient Air Temp.

Exhaust Readings

co HO co, 02 Exh. Temp. RPM
1., 0% )9 s hll  Jpbosgs 33T /200
2, 10D YT 80 )Ll 78 L 129 340 960
3. 104 19 s2¢ )¢y 124 Zg 3] 19q0
ba03  yg o )l /5.6 /i 34| (900
5,..0% 20 sl /9] 242 /900
6,03 23 1&) [2.C 122 3/ ) %00
7. .65 )g /. &/ /8 9.7 3/5 [ Coo
8. 0> ¥9 .o Jg) )29 2L RC /G0
9. + 0> |g /52 /3.5 s 1600
0. 6 23 (5 9 R 1853 (60>
Lengtn of Test in minutes M

Signature of Technicians
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j\a\‘:ﬁ 4 d @
» Exhaust Gas Analysis Form
Name of Company. YantcE  (/C
Date of Test fhy Zo 58z
) 7
Tvpe of Equipment Tested
frgine Type ard Specs '/fa;;/L 677
Igentification No. ¥ 79 Milage |7 Y101 (‘Z /07)
<~ = /

Exhaust Readings
02 Fxh. Tem. RPM

co HC co, 02 Exh. Temp. REM

1.__0Y 49 - g /3.0 3z ] (760
204 232y 129 365 /960
504 22 20% /%3 353 oo
L 04 D 208 /8] 33E 1969
5. 04 28 20y /83 35C (760
6. o4 26 LD /8.L 313 /o
704 2 L1 /89 3(3 /oo
8. .69 2 - )P /8L 3/2 1406
9. ,0o4 A o Jeq /8.5 3/2 /60O
10. . OY 20 20 )2 /%6 3// WiAeLe)
Length of Test in minutes = / /’ﬂ/

Signature of Techniclans
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Exhaust Cas An2lysis Form
Thianel e
m By 20, 1987

Equipment Tested

Vame of Company

Late of Test

I oy £
-Jre ol

o

36 DT Tougbo

= - =
tigmalie dybe diil L\,?ecs

)
b
!

TAovmds £ S Ao T
Identification o.

(

T~ch T
el PXn,., LemD.,

RIEA

RPM

/900

Do

~
(&
—

? /7

217

/Y00

3/

(762

= N

/¥ Y 3/Y

/70 O

U
C
e,

159 317

1900

ON
I

|

~

/T b 28

/&0

~J
&
_

X b 25C

/600

0
-
C
—

/X

/9.0 RAE )

(OO

O

Lol /7

/&. 6 A5

/60 2

/X

160D

Length of Test in minutes

(9. / RE 3
/0 /jg/é/l/

Sizneture of Technicians

&
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lame of Company /ﬁ(; AelLE 6Cas

Date of Test /14/47/ 20 1987

1)

- i A 1 o~ "]
ust Gas Analysis Form

gine Type ard Specs 35@ COmmirs %K!gi)

Exhaust Readings
. - o B0
co c C0, 02 Exh. Temp. RPM

L1 23 L6 /%G 3L (700

P2, «O2xgp{ 23 )3p97 [ /83 . 3% [0

5022 ;zf, L4615 19277 3¢es [Z00

L0 ATy 489 3¢3 1900
). 2 BLD /F060
| 43) /73 227337 /oo
7,027 (2% ¥ joy (/9. 337 [Loo
sLox B 29yl 09 /56 s /0O
% 02X 23 /.27 /7.1 235 (L8 ©
1.,k 23 L2 /7.5 333 (60D

lergth of Test in minutes [/ N
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Memorandum Report

To: Dave Zinn
Triangle 0il Company

From: Craig Flinders
UHI Corporation

Date: May 5, 1987
Subject: Analysis of Baseline Exhaust Gas Data

Accompanying this memorandum report find a, 1) computerized
summary of the averages for the exhaust gas data recorded during
the recent FPC-1 baseline test at vyour facility, 2) a graph of
the percent CO2 in the exhaust stream (fuel flow) comparison for
the three trucks (units 115, 101, 102) powered by Detroit 430
engines at 1600 and 1900 rpm, and 3) the formuli for the calcu-
lation of the engine performance factors.

Two comparisons will be made in this brief summary report.
The first is a comparison of fuel flow to the engine as measured
in percent €02 at 1600 and 1900 1rpm, respectively, for the

three 430 powered units. These three trucks are used 1in this
comparsion because the 430 engine is the most common in the
fleet. The data is graphed and shows that fuel flow is substan-

cially lower at 1600 rpm.

Although this comparison has no bearing on the outcome of
the FPC-1 test, it does demonstrate that changes in fuel flow can
be monitored using exhaust gas analysis. As  vyou can see, the
method is reliable as all major exhaust gases show changes that
correspond with the reduction or increase in rpm and fuel flow.

The second comparison is done between the same three trucks
at the same rpm and demonstrates which of the trucks is the more

fuel efficient. The following table 1lists the trucks by unit
number and makes the comparison at 1900 rpm. Again, fuel flow
in terms of percent €602 in critical to the comparison. Also

included in the table are the engine performance factors calcu-
lated wusing the standard engineering formuli enclosed and the
total molecular weight of the gases measured 1in the exhaust
stream of each truck.

Comparison of 430 Detroit Engines at 1900 RPM

Unit # %C02 Molecular wt. Performance factors
115 2:58 29.04 52,891.02
101 1.93 29.07 193,082.34
102 1.85 29.15 206,538.49

UHI CORPORATION 750 North 200 West, Suite 306 Provo, Utah 84601 (801) 374-9010



Based on the €02 concentrations and the resultant engine
performance factors, Unit 102 is the most efficient of the three
430 powered trucks. Unit 102 is 6.52% more fuel efficient than
Unit 101 and 25.97% more efficient than Unit 115. If Unit 101
were averaging 5.0 miles per gallon, the following milages would
be indicative of what I would expect to see in the other trucks
based upon the C02 in the exhaust stream:

Unit # MPG

101 5.0

102 4.67 (-6.52% from 5.0)
115 3.70 (-25.97% from 5.0)

The pattern is similar for the same trucks at 1600 rpm.

Once again, this has little bearing on the outcome of the
FPC-1 trial you are performing except that it gives greater
credence to the exhaust gas analysis method of determining fuel
flow changes to the engine.

* Notes on Performance Factors:

1. Engine performance factors are calculated and use the
total molecular weight of the exhaust gases (C02, CO, HC, 02),
the exhaust temperature, and the exhaust airflow rate data. The
engine performance factor does not produce an absolute change in
mileage since distance traveled is not determined in the exhaust
gas test method. However, the method does provide a means of
determining how efficiently the engine uses the fuel It receives
and, therefore, engine performance factors can be used to
determine comparative changes in fuel flow to the engine.

2. The higher the engine performance factor the more
efficiently the engine is using the fuel. Once the performance
factors are calculated, a simple subtraction and computation of
the percent change will reveal the change in fuel flow to the
engine. In most cases, the fuel flow change will correspond
closely to the change in CO2.

3. The use of engine performance factors reqguires that
baseline rpm and exhaust temperatures be reproduced in the FPC-1
treated fuel test segment. This will eliminate any variability

in temperature and airflow.
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Triangle 0il Company 1900 RPM Data

Unit Engine coz2 HC CO 02 Temp.
115 430 2.58 21.2 0.02 18.04 310.2
101 430 1.93 22 0.014 18.92 269.6
102 430 1.85 17.8 0.02 18:52 291.4
117 350 1.91 29 0.028 18.72 354.6
112 350 2.42 21.6 0.024 18.04 354.6
114 400 1.71 28.2 0.03 19.1 365 ,6
116 400 2.15 22.2 0.03 18.72 366

30 673 2.8 35 0.046 17.74 352
486 673 3.22 33.8 0.03 17.22 439.2

Triangle 0il Company 1600 RPM Data

115 430 2.26 22 0.02 18.62 282.6
101 430 1.71 23 0.02 18.96 248.2
102 430 1.34 20.4 0.02 19.24 253.6
117 350 1.63 26 0.02 19.08 333.6
112 350 1.88 23.4 0.02 18.74 308.6
114 400 1.47 27 0.028 19.18 331.8
116 400 1.89 23.8 0.03 19.02 322
30 673 2.27 35.6 0.05 18.36 301

486 673 2.5 35 0.03 18.02 364.2



Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Analysis Form

Name of Company

Dete of Test

Type of Equipment Tested

Fngine Type and Specs bé}7g 455 /%/D

Identification No. ﬁ/é/\_ gé Milage é / 7% %

Type of Test

Ambient Air Temp.
Exhaust Readings

co Fxh. Temp. RPM

/3 32 330 Ji/ B35 4

Cco HC co,

43 I3 323 /7] 435 Mo
243 35~ HR3 7/ Y37 1700

203 35 ARA3 /26 Y 00

g3 35 323 /72 Y50 /700

43 35 28/ RO I3 Jppo

03 35 2o g 373 JbOO

e)3 35 G50 ) IT7Y 00

043 35 250 /{0 370 200

003 35 250 )79 37D W00

Length of Test in minutes S Y 722

Signature of Technicians




Research Deveiopment Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Anzlysis Form

Name of Company 7.?/)7/6(5 0s¢

Date of Test Al o 1787

Type of Equipment Tested i k
Fngine Tvpe snd Specs %c/z, {23 7

Tdentification No. < 369 Milage /760 /

Type of Test

Ambient Air Temp.
Exhaust Readings
co HC CO (074 Exh. Temp. RPM

o5 3 39 /24 EZ A

g5 Jb RIY ey 350 700

45 A5 9K RS F54 [f700

WOY A5 D)7 /27 I5Y 70D

sl 36 277 /27 35Y /700

5 35 2ab 82 302 Juwy
25 25 236 )83 97 /620

05 35 238 5 299  [boo

.05 Tb 229 MR Fpos  Jbeo

w5 37 23Y B2 ) Moo

%
Length of Test in minutes /] Lo
77—

Signature of Technicians




Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

40 K AT Side Bu/t

e —

Exhaust Gas Analysis Form

‘Name of Compary /Iv/f 1hrel e  GAS
Date of Test Lj/;" 17_ s )
Type of Equipment Tested ¢
Engine Type and Specs 406 _rum  TuaBo
Identification No. 1 Milage 240 9490
Type of Test
rbient Air Temp. §3
Exhaust Readings
co HC co, 02 Exh. Temp. REM
3CY
1. 6% 22 My L87) =) 190 O
2. .63 22 2.17 /8.9 367 1990
3,03 P 215 [9.0 366 (900
b, .03 22 Qs /8§ EIAA [Fo O
5. 0% 23 2,14 /9.0 363 1900
6.3 29 191 /8.) 32 | Jeoo
7403 39 J8Y /&) 3/9 e
8. .02 24Y /[52  ]9.2 323 [C0O
9. +03 23 .90 /8.8 324 /e00
10._,0n3 2% /.5 ) /9.7 323 (€00
Length of Test in minutes dq

Signature of Techniclans




R_isearch Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842
40

Exhaust Gas Analysis Form

/
Name of Company /f/pC}A)&LE 64 <

Date of Test A-16-%7)

Type of Equipment Tested '

Engine Tvpe and Specs YOO c Lmmy W< Tun Bo

Identification No. || (‘7’ Milage 1137292

Type of Test

Ambiert Air Temp.

Exhaust Readings

1. .03 AL /] .5 385 [F60
2._.03 2T .70 /%9 35L [90 0
3.___W3 2% .2 19.4 38¢ [900
b, 03 29 /.70 /89 385 /900
50> 28 (2 %% 257 /900
6,03 29 143 19.] 333 228
7. 03 27 Y2 [ ] 232 /600
8. .03 2% 1R /7.3 332 145%)
9. _p2 2% /-§ ) 19/ 23.2 jcoO
10. .03 % .51 /19 3 33/ /o0
Length of Test in minutes q

Signature of Technicians




Exhaust Gas Analysis Form

" .
Name of Company “lplavelEsE Ens

Research Development Products « P.O. Box 53, Evans City, PA 16033 -

412/538-8842

Date of Test - J¢-87
Type of Equipment Tested :
Engine Type and Specs 350 cuommups To2Bc

. . . . " , ) ’(“».
Identification No. [l Milage AL SY

Type of Test

Ambient Air Temp.
Exhaust Readings
co HC co, 02

203 A2 Y /50

[y

Exh. Temp.

Fb

RPM

/700

N

356

/790

43 22 24y 7T
250 4.2

F53

700

3. 208K/
02 2 YR )8 35/ /700
5. 03 A8 RY 9.0 357 /7%

6

DA LFT7 BT

5/

Let) /550

7&;} KXY //?7 /X7

07

S04 )550

.02 137 KT

509

G280 15750

0.0 32 197 199 36 ffos 550
002 23 1 RT 807 [fpo4550

L2 sz 02

ILength of Test in minutes

Signature of Technicians

2

2
(\_



Research Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Analysis Form

Neme of Compariy 72/%15’4:» o/

e >

Date of Test 404/4, 8, S757
/ v
Type of Equipment Tested J

zine Tvpe and Specs 350  Citmmminn Tf)xéa

Tdentification No. 1177 Milage 3926

Type of Test

2 fr4
Arbient Air Temp. <7

Exhaust Readings

co HC 0o, 02 Exh. Temp. RPM

1., 03 29 L%  J%.2 351 1909
2. ., 02 3) 150 /8.4 353 [G00
3. 03 2AZ 139 /9.2 354 /G 0O
b 03 Q9 /.39 1% 387 /900
5. .03 28  -/% /9.2 35X 1900
6. O Qb ).t 19. & 33X /Lo
2 403 2L )Y /8.0 334 /(o0
8. .0 aL 1£3 /9.4 335 Moo
9. .0R U A% /X9 33Y /(0O
10. ,Q 2 LYy 79 ] 333 /LO O
Length of Test in minutes 1 piw

Signature of Technicians




cold

Researeh”Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842

a\®
Exhaust Gas Analysis Form
Name of Company T pinsle  64s
Date of Test 9-17-47
Type of Equipment Tested *
Engine Type and Specs &Y ET, Tug Po
Identification No.____ /(> 2 Milege 49] JEF
Type of Test
Ambient Air Temp.
Exhaust Readings
co HC co, 02 Exh. Temp. REM
1. O 22 .99 /&3 290 | 700
e 21 E Lot a2t 709
5. o e [ {56 242 990
b w02 ]S 17¢ /3L 29/ 1900
5. .0* 13 . ). /8.7 290 1399
6. 0> 1 l.3S (9.1 28¢ /Lo
7. 0% /B /.33 19 258 /OO
8. O > 92 1.3 195 R5Y [ (o0
9. .02 2% 135 9./ 283 (€00
10. ,07%* Q) /.33 /7.9 25¢ /(o6
Lergth of Test in minutes 9

Signature of Technicians
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Research Development Products « P.O. 8cx 53, Evans City, PA 16033 « 412/538-8842

Exhaust Gas Analysis Form

Name of Company "7//( jAn &L o1 &
te of Test Q/-/£~X_7
Type of Equipment Tested '
Engine Type and Specs Y92 430 per P TJurBo
Identification No. (O { Milage G 128970 HoR

Type of Test

Ambient Air Temp.

Exhaust Readings

co HC 0o, 02 Exh. Temp. RPM
1. Lol 23 195~ /8.6 R (9 1900
2.__.p] 22 .74 /56 270 (90 0
3. ,02 2l ).93 /7 5 269 j200
b .02 22 /93 /8.7 249 [00
5.0l AL 1.9 2 = 2 27 ] 500
6. O 22 ). AR 250 [¢o0
702 2.2 ) /5 230 y/AeX%,
8._ .02 24 )20 /89 24z /60l
9_.02 2Y /[ /8.9 24 7] Ho©
10._02 23 L7 /9.4 24 ¢, J oo
Length of Test in minutes |

Signature of Technicians
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quearch Development Products « P.O. Box 53, Evans City, PA 16033 « 412/538-8842
RD Z %5’ )

Exhaust Gas Analysis Form

Name of Company '{(’}A/V cLE
Date of Test -/ _5

Type of Equipment Tested

Engine Type and Specs 1/30 DET /)/u,( Lo

Tdentification No. |5 Milage L! N4 777 ?

Type of Test

Ambient Air Temp.

Exhaust Readings

o HC . .. Co 02 Exh. Temp. REM
02 23 261 0 309 |5 00
2.0 Y 241 /7.9 311 (909
3,02 24 2.5¢ /84 210 [ 200
b 03 19 25/ /5.0 3/ /90 O

502 )9 2.8¢ 129 2/0 [70 0
6. .01 22 209 /8.9 Ad) [Lc O
702 2 2273 |54 283 [600
8. 0% 22 230 /89 28§ /LoO
9._.02 2 2 26 /8.4 QTR /co©
10. .02 23 22y I Xe. 28 ( /o0
Tength of Test in minutes s

Signature of Technicians
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