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Abstract

This paper will discuss the effect of an iron based fuel
catalyst (ferrous picrate) upon fuel economy and exhaust gas
emissions in a fleet of diesel powered tanker trucks operated by
Triangle Gas Company, Butler, Pennsylvania. It will be s'how1n
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 changes in fuel flow to the engine. I

/

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 Z% to
10% depending upon vehicle operating parameters, equipment
condition, age and mileage.

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

fleets,
catalyst
costs by
critical

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 upon 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). In
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
gravimetric) to the
published in SAE
entitled "Improving
Economy", confirmed

measurement techniques (volumetric or
carbon balance method. The results,
Technical Paper Series 75002 (EXHIBIT A)

the Measurement of Chassis Dynamometer Fuel

"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

factors in the measurement
balance method are:

determined that the most important
of fuel consumption with the carbon

* For fuel consumption, the measurement of C02
* 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 U'HI
personnel uses a state-of-the-art, non-dispersive infrared (NDIR)
exhaust gas analyzer made by Sun Electric Corporation, to measure
C02 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 load and rpm, and makes comparisons on a
percentage basis between the consumption of control fuel (not
treated with FPC-l) and the FPC-l 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 C02 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 (C02), 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 a:uto
calibrating button was depressed and the instrument "che'cked
itself" to prevent any drift. This self checking procedure w'as
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
Triangle fleet is exclusively
the recommended 1 to 1600 ratio
diesel). This took place on the

fuel storage tank from which the
fueled, was treated with FPC-l at

(1 oz. FPC-1 to 12.5 gallons
evening of April 16, 1987.

on May 20, 1987,
5,261 miles per truck
procedure was repeated.
attached in Exhibit D.

after accumulating
with FPC-1 treated

The treated fuel

a fleet average of
fuel, the above

data sheets are

All fuel used during the baseline and treated test segm'ents
was #2 diesel purchased thr.ough the same fuel supplier.



Special Note:

1.) The test procedure calls for a sequence of rpm tes'ting
at 1900 and 1600 rpm, on the same equipment, to show that the
change in fuel flow between the two loads can be demonstr'ated
with the SGA-9000 Exhaust Gas Analyzer. It is obvious that a
drop in fuel consumption will occur when reducing rpm from 19'(')0
to 1600 and it shows up readily during the baseline test. This
validates the concept of fuel flow measurement with exhaue t gas
analysis.

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

3.) After having completed treated fuel testing on eight of
the nine trucks in the Triangie fleet, a leak was detected in
the SGA-9000 sampling hose. Several of the trucks were r-e te'st'ed
to determine the percent of dilution in the exhaust gases caus'ed
by the leak. The percent dilution was determined to be an
absolute .3% C02 and all C02 readings were corrected. The
correction resulted in a decrease in the overall fuel savinig's
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 compa rLaon
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 te1st
segment involved ninety minutes of sampling; the treated segme'nt
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 fu:e'l is
summarized on Table I. The 1600 rpm data is summarized 0'1'1'l"a'ble
II.

Table I

Summary of Exhaust Gas Data at 1900 RPM

C02 02 Exh. Te'l'n:p.

Control 0.026% 19.70ppm

20.10ppm

2.17% 18.48% 331.8 * F

Treated 0.025% 2.00% 18.63% 331.5 * F

Table II

Summary of Exhaust Gas Data at 1600 RPM

CO HC CO2 02 Exh. Te!llip.

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 e'a'sily:
calculated and weighed using the known molecular weight of e'a1c1fu
gas. A total molecular weight and engine performance factor c;a'1'1
then be calculated from which fuel consumption changes can be
determined. The volume fractions, total molecular weight's, a\1'11d
engine performance factors for the 1900 rpm data are f'o'llvrd,OiI'l'

Table III. The same for the 1600 rpm data are found on T~ble tV.
The engineering formuli from which these are calculated are fo'u'n!d
in Exhibit E.

Table III

Volume Fractions for the 1900 RPMData

Control Treated

VfCO 0.00026 0.00025

VfHC 0.0000197 0.000'0201

VfC02 0.0217 0.0200

Vf02 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

VFC02 0.0181 0.0171

VF02 0.1886 0.1900

Total Molecular Weights and Performance Factors

Mwtl 29.05 Mwt2 29.03

pfl

PFl

333423.31 pf2 353624.46

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-l Fuel Performance Catalyst, the addition of
FPC-l to the fuel used by the Triangle Gas test fleet created a'n
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 compar~son of the control and treated fuel
sampling hose filters. Photographs of the filters are found in
Exhibit F.
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TRIANGLE GASOLI NE CO., OF BUTLER
DISTRIBUTORS OF

GASOLINE, FUEL AND KENDALL LUBRICANTS
1100 NORTH MAIN STREET EXTENSION

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

EARL C. ZINN DAVID E. ZIHH

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-l, 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-l. 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-l. In 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 important 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



Exhaust Gas Analysis FOTIn

Nameof Company ////N/G{C O/C-.

Date of Test /j!J.£/~ /( /7d7
/

Type of Equipment Tested.---,,- _

Engine Type 8nd S~e~s ~~h~-~~~-~,~-----------t7J /

Identification No._----l..("__'- ~::....!=O~ ----.:Milage ,17{;&O/
~e of Test _

Ambierrt Air Temp • _

Exhaust Readings

CO HC 02 Exh. Temn. RPM

Sigra.ture of 'I'echni.c i.ans--------------------
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Research Development Products· P.O. Box 53. Evans City. PA 16033 • 412/538·8842

4.\'

Exhaust Gas Analysis Form
Name of company __ ll J/1-pd-l!"" C-&~·

illteof Test ~~·~1~7L---~~~~-----------------------
Type of Equipment Tested _
Engine Type and Specs. -.JLj'-!:O~6::...._._l..C_w1 Jw}yJ~ L.L·~UL.At(_gfLJ::!.6 _

Identification No. lire JVlJ.lage ? Lfo 490
Type of Test
Ambi.errt Air Temp. ~3

Exhaust Readings
CO HC CO2 02 Exh. 'I'emo , RPM

--JLt
1. vO') )?-. a. Iy t~-J }£J JC1QO
2. .63 ~J -:<./7 / 'l/i "3(,7 L9 uo
J. ,03 ::>-) ;),I~ /9.0 3&h /900

4. .0 '3 22. :lIS" J t,« 3Ct I1DO

5· ,03 e23 ·J./Y n.o 3 '3 lQoo
6. " ():) -;{C( //1/ /ft] S.:( I ltoo
7. ,0 ~ ;).4 /.g? I u; 3/? j(,60

8. 103 ?.L( tx.: 10. ') 3~3 1(00

9· 103 ;;23 2.10 J 8.0- ? J. Y I ?OO

10. ,03 :2Y /.1) J / 1. 7 323 / (OU

Le~~th of Test in minutes q
Signature of Technicians
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R,esearch Development Products' P.O. Box 53. Evans City. PA 16033 • 412/538-8842
~o'.>

Exhaust Gas Analvsis Fonn---:--.....-=-.:::::.....:.. -- "..:«:
Nameof Com0IDy ~I~R~/~v4~N~~~L~~~·~~~~s~ _

4-IL-Z7:cate of Test----------~~~~~---------------------------
Type of Equipment Tested--.,.- _

EngLne Type and Specs----~~~-=~~~-~~--~==~~----

Identification No.---.-11 L/ Milage 113 '7 q ~
'Iype of Test

A'TIbieLtAir Temp.

Exhaust Readings

CO HC CO2 02 Exh. Temp. RPM
1. ,03 ;\0 /./ I Fl.:S 3~S- 1960

2. .03 )0- J.70 I'f..f 3~L, 1900

3· .() :> ~~ /.J) 29·t .~~~ ICfaQ

4. .03 2Cf 1.7{) jF/1 3SS /900~.

5. ,O.?7 ;;>'0 I. '))... J't;. g 1s7 IQO{)

6. ,03 ;ztf /,47J )9, I .33:<' /(00
I

7. .e) ") ?-7 /.L/) 8, I ~32 /(£)0

8. 10 ') .20- ),'It 19.3 33.2. jkJO

9. I D J., ;Z~ r : / 19./ s 32 IGOD
I

10. .03 ~<J 1.61 /9, 3 ~ 3/ /&JD
Length of Test in minutes C{
Signature of Technicians



Rese~{ahDevelopment Products· P.O. Box 53. Evans City. PA 16033 • 412/538-8842

q\\>

Exhaust Gas Analysis Fonn
Name of Company __ --I:Gf J;'J-I,£L~ &/fS

LJ- 17- 17lite of Test________ ~~4_~~ _

Type of Equipment Tested---'- _
Eng.ine Type and Specs LL-1-J.LJ-1-fL-)__ ---JOL..-L-!=I:_CCLJ.,'--- ..-.-:..:....I =ucuR......JE>=.I.<:Q:....- _

Identification No. / () ~ Milage 4ql I g s•
Type of Test
A7Jblent Air Temp.

Exhaust Readings
CO HC CO2 02 Exh. Temp. RPM

1. ,OJ- ?1 /·9 q 1!3 -;J 90 !~OO
2. 'OJ, :<'1 2.-0 '-t /3,,3 f).CfI ,qoo

t:>'1 )S- J .~ '-f . )t~1 ~q3
J. r{)J Ie" , I 190 ;).q 2- 190 0I ) r: I

4. .,,() ;;L /) 1-:7 ~ [t.t ;).~I 190 ()
5. 10 J... 13 J. 7 } /8"J 'J-q 1 . /90U

6. ,0 )... 1/ /,3S" I'}, / :<~y /(.,00

7. .0 J- J 1) t . 33 l~ t (
..2S3 /{.OU

8. ID d-- ~3 /;3C /~~~ ;;?sy I {..60

9. ,0 ?- 23 t. '35' (9·1 :;2. ~..3 /(,00

7- ?'J 1.33 fl-i :)E;Y 1Gb10. 10

Ler-gt.h of Test in minutes q
Signature of Teclmicians



Exhaust Gas Analysis Form
,.-./"

Name of Compmy ~.Z~~4L/~~~~~~~~E~~~/=I,-~----------------------

lliteofTest ~~~~~~~~/~~~6~~~I-L/,~~~~~7--------------------
I

Type of Equipment Tested~ _

Identification No. t } :] Milage ,/51.;( ~
1"JP€ of Test
Ambient Air Temp. ~/rJ

EY~aust ReadL~s
CO He CO2 02 Ex.'1.Temp. RPM

1. .0 '?> ,;) CJ /,Cj , J~. S 5$' I JCl() rj

2. I ()~
~ ) //1 () )Z.t.f s.s3 19()o

). ,(f) ~ Z- . /. 'b9 /9.D --3!;L( let o 0

4. .03 ;;)9 J.Wt I K,J '$~J Iqo ()
5. ,03 ;,{~ . I- <get /9·2 3Sg-- 19'06

6. I () ~ ;)~ J. ~'I )9. 0 31 ').. /COO

7. IC) ). :Jl /./8 /9.0 $'3 L( !(,OU

8. ,0 ~ ;)., /.' :5 jq~ 33 s= /t.au
9· , c) J. ~f. !~~ / 'g,9 3'Jy ILoO

10. J 0 ".l ~~ I c '-I /9_ I 533 /{,Q (J

length of Test in minutes LL_ &iA/

Signature of Technicians
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Exhaust Gas Analysis Form

Name of CompanY_-----.:~:-IlKo...J-lt::.lJAN~' o::.~L~{£~~C.:li.fJ..d.5 _

Date of Test '1-t-· _--I-J....le.~_-.!::...<t7 _

Type of Equipment Tested_~ _

mgi.ne TyrP and Spe<;~ 3 S D c. U fY? m I AI$ =Cu,f to

Identification No. , , ~ Mi.Lage 0 ~"J t/ i)(l
Type of Test _

Ambient Air Temp. _

Exhaust Readings

CO HC CO2 02 Exh , Temp. RPM
l.L()3 dC3 e2i1 0,0 3~6 /9'{}()

2. t~5 c2~ (;>,tjf/ /2f ,350 /L/(f}(j
J. ;,t'c3 <::2/ c2/L/(J /f,Q 3~~ /1(fJ(2
4. t/2, c:2/ ~,L/a J?/ 3:J--1 /0Po
5 (J. ') ~8. ~~~ /2,C) 2~Z 800. 0'") • )...J

6.{J~ c?L/ ltF1 /£7 3/0 ;/6@6151)6
7·/2(2 ~'i Ilf? /;'7 Yc?f /Uli! ISba

8.t?~ ~L/ /I~i 1&7 3CJ~ /~)J36
9· 02. J8 /,~1 jg, q ,366 1bt>e/5..q?
10. v~ d3 !t2( s.: 9D7 _/bNusso
Length of Test in minutes 12 YralJ

Signature of Technicians

(IF?



Research Development Products· P.O. Sox 53. Evans City. PA 16033 • 412/538·8842

Exhaust Gas Aruliysis Form
Name of Company 7t-I---U.J.../.:...,:A..!..lA/L...::....&.-=. L::..::E=--~O:...!/~L _

Lj-1'- '%7rate of Test------+-~-=~---------------
Type of Equipment Tested'--;,-- ~ _
Engine Type and Specs __ --=.Y_Cf.:...........).. L..-1.1--.:::....3_o~D~eC_..!7_.J.D~_ __1._r._!:l.J~rf~t=o__

Identification No. 16 I jIfl.ilage ~ /3 grJ9D Yo/)
'I"JPe of Test
A~bient Air Temp.

Exhaust Readings
CO HC CO2 02 Exh. Temp. RPM--

1.
I () I .~ ;) J. -r« ) s .L, ~ L.cr )9'00

2. .0 J ~1 J·CZ4 -Ll". f:, J.'IO Iqa o

J. ;°1 ~) ;'93 /7· !: »: cr iC(o 0

4. .02 J,'l. /.'13 F6.7 ac,cr 190(j

5· 101 J.) /.9;) 19. :< d./l iCloo
6. ,0) J;} J. ) J l"l~ ? ~SD Icoo
7. (0), ;).1 J. 71 J7.1 ~SD IfoO o
8. ,0). ';lL{ 1,7Q .I g.er Jtfg- I ('C)O

9. ,OJ... ;;l'( /.22 /'6.'1 ;24, I f.L)O

10. ,0'J. ~3 /.7 ( 19, '-( "lt.j fa J (,DO

Length of Test in minutes tl
Signature of Technicians
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Exhaust Gas Analysis Form
Name of Compmy ·~~/~fL/4~N~f~L~e-~ _

Da.te of Test --,--__ .:........L-LI_--L1_7'-=-iLY_/~ _

Type of Equipment Tested~-----------------------------------
Engine Type and Specs-----+~~~~~----~~==~-----------

Identification No. II S Milage '-/J4771
Type of Test
Ambient Air Temp.

Exhaust Readings
CO HC •. -, ~ CO2 02 Exh. Temp. RPM

.' '.
1. .() ?- ?-~ ;)GJ rt.o 30cr nOD

2. .0 ~ J'-{ ? to L /7.1 31/ ICfo ()

J. 10). ?.J. /).sc ) 8.4 '510 I -roo
L~• -OJ 19 ;),5{. /5,0 311 Ltj{) a
5· ,C) ) j9 ».sc I 7. Cj 3/0 i yo ()
6. .01 ?") :>. JCf 1'6. Y ~ 81 LL-o 0

»

7· ;0) ?-1 :;. ;:;3 .I X·V 2~.3 1600

8. I 0 ').. J) .:230 / Z'9 ;;(gS" /Goo

9. .0) ?-?- J. -:d:J IK, if .2g-3 /(.o6

10. . D). ;);;1. J.:J..'f ICJ.O ;,:2 g ( 1(.00

Length of Test in minutes '?
Signature of Technicians



~~~
~_ •• \.r--.....~ .....~
-~~~~~~
r0:~~~\:~~, .~.~~~l;'t~~i-::.

~~:~;;fi,:wL

~ ~ _ .•• _ •.••..••• _~ ~ ,_ .• --.._.,_ ~ _. ••.• . ""0_ • ,~ ., •• ~~~....c' .•~.
• 1 • .", .

'.\' .

Research Development Products ° P.O. Box 53. Evans City. PA 16033 ° 41215388842
L·fE. .

. . .Exhaust Gas Analysis Form

~;3!11eof COmp3.."1Y /,'--"f-LJ ,(w..(:..c.Ibv~6.:..:::L:...::€:.---=::o:.=.Ltf-!....;~=--- _

rate of Test -------~~~~~-~---~-~------
'Iype of Equi.pnerrt Tested~ -,-- __

Engine Type and Specs. 3_SZ>=--=-_....::C::::.....!::::U..£!.I11':.L.L!.IJ17..L-1 LJt.N~S~·_' ---Lh--:u:::..;tf:!...-lt::..!Q>.!.- _

... +'IJ~ ~l'7 V'Ident Lf'Lcat ion NOo_'_--'-_L-_ ••••..t. ----'Mil2.ge o 0 D "(7'6 ')', 00v ::;>

'Iype of Test, _

Amoi.ent Air Temp. _

CO HC CO2 02 Exh. Temo. RPM
-S6f'

1. • ~O 3 17 e./(J. 8:, '/8.] '30 1900
2. ~0 J. I"] L /J- /,8:£ J Y. 'i "'3 t;t " )q{)()

J. ·02 If &-/V'/. 'tY I F..,-/ 372 JCj().,CJ
4. t 02. J ~ ,1. 1"/ !-Y'f I~.'f 37/ ICJ()()

5· .63 /"8" 2./J /,0"3 i.Cf,O 372 lC[()O
" ID2 IX /.77 t '11 )f,[ 307 16t:}e-, /ssob.

..., 102- -l"l " 7J 7,'{r;- net ~6' I=~, /()(SO( .
Q 102 It /. 71. )/ L( c. 1~.9 3()9 ~ I<J-g>u. •
9· ,0). Ir /.77 /.co )0: r.a ell ( ~)r>S6

»

1 r. - 6:& ;22- /. ~J_LfS" J t- g- 3/V I..4?:r:r I()6ZJ- '- .
/1 «

Lengt.n of Test in minutes MIAI

Si&'1ature of TecrUlicians
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Exhaust Gas Analvsis Ponn
k'

Name of company ........r.---I--IID-:..!.(If}.LA£~. ::-=.L...:::~:......'__==~:::...·££.1J-=5:=....- _

llite ofTest ~m~&~t~.~d~~~/L9~~L2-·--------------
~ of Equipment Tested~ ~ ---L _

Engine Type and specs 4-L-Lt~O~____'f)U.L..~__r:....-.- __ -.-4_/.l<::u.L:.&~·~=-o=--__ '__ _

Ident i.fdcat.i.on No._..,. /L-6=---.;2~ ~ivIilage 49 ,s ~ .(). cr ... j. C' L .0.]")
- I.

Tyr~ of Test ------------------------------
Arnorerrt Air Temp. _

Exhaust Readings

CO HC CO2 02 Exh, 'I'errro , RP-v1 -..

1. lD). I ~ /.BJ~ /',5) IF.1 ;),76 '/1LJp . :...
./ ..

/.6 ). S-~ './F.f
. .

2. 16')..· 77 )72 :-;' - ' ~ .tsaa
). 107- I~ /'0 v), ~J. /'1. :( ?73 . 1100

4. . b ). /, ./ F/}? /. t:J as: 2-7'1 . ICj() 0

5· 10).. /7 /77 ), lfC) /Y3 ;>.74 "/100,

6. ,6 "2- I D /.98 /.1 r )CZ S' )'-{6 Iwo
7. JO::t l't / s» /, )0 JCJ, I ;).'15 /C{)()

)

8. to').. 17 /.IP/llt }q·V 2Lf3 I~O
9. .02 17 /. Yh J, J g /9,.2, ;)Yj I~CJo
10. ,62- /9 /y- t I '! 1/-'1 ;;'Y3 It:od/'

CJ
(>

Lengt n of Test in minutes !11/AI

Sigr~tureof Technicians



Exhaust Gas Analysis Ponn .

Name of Company JJ.L. ..Llrf~J!I.;:.::.M.!:...O-.!:::Le!:._ _

In 0/ ;)0, /1%7 .
~Y}:€ of Equi.pment Tested ------------------~----
lite of Test________~UL~~~~~---------------

Identification No._._---i/~O:...,!r- ~Milage J2d.. 020 1 :2C[O
Type of Test. ~rJ70 J

I

Ambi.errt Air Temp• _

Ex.•..iaust Readings

CO HC CO2 02 Exh. Temp. RPM

1- 10 I It;" l~ I.C?? /Y.1 )&? n» 0

2. ID/ /1 1,(JI /, 77 11~~ ;)..7/ ICfO 0• ,
'"' I () 1 )X- /?1 7. ~ 7 ll,t) ~/~ Ifo 0).

4. J D } 17 /.P7J, t7 11;,7 )) V 1100

5· IOJ 17 /.7.1 /t t. 6 /,,0 d):) 1100
i

6. IDJ- It /·7Y /.4Y . /9.2 as 3 I(,;.Ou

7. ,D). 17 /. -:'Z /. 41 aa cJv'f ((,D o
8. I 0'). /9 / ~h/ J. YJ- /9. s ~~~ IUJD

i

9. I o '). J'{ /. ?z." J.4:L /~.cl 2~ I~()U, -

10. ~0 ')... )9 /?'1/.43 113 ~5"S:- I ~a()

9 .
Length of Test in minutes fr1/!11

Signature of Techr~ciar~



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

- -l: R§ ::5
.;.,..'.

Exhaust Gas Analysis Form
N~e ofco~ ~~~d~(~~~~'6L~~~ _

fute ofTest. --4~-~~~--~g-/~-----------------------
Type of Equipment Tested _

Engine Type and Specs. 4__3_o_=-j)_:::rr=....l-_~_· l~vL::..j!t::...I.=:.D~ _

Identification No. -t 1/& Milage .Jo(79'7~ j'tf/i7</ ~/;v~

Type of Test
Ambient Air Temp.

Exhaust Readings
CO HC CO2 02 Exh. Temp. RPM

1. 10). ;)() 931 J7 •.2 S6Cj 1'100
2. 16) :Jo ' .:< ~CZ /7. 7 J II I9'Ob

3. J 6;) ')6 ';), I L( . /0',,5 '3/6 ('tOO

4. I 0 ;). I CZ 2/tJ /0£0 $// 19QC)

5. I D ;2 Ig- .:2 00; JE, / 3/6 ./9~
-6. ,01 17 J. CO to /8.3 -:;. [( J(LJb

7. I 0 J 17 l g:; /8.'1 ~~3
'
000

8. I 0 ~ ~o !6~ /21 J .2g~ IG()o·
•

9. ,01 /7 J. sc /1f.S ;283 tco»
10. ,0) /7 /.8~ I~Y 2'81 (GOo
Length of Test in minutes
Signature of Technicians



.•.. _ .i .

. -, .. '

.; '-:

... :' .•.. ~. . .

Research Development Products. P.O. Box 53. Evans City, PA 16033 • 4,121538-8842

Exhaust Gas Analysis Form

Name of company__ ~ L~A/6Le <9p-s

mAy ~./~J-7rate of Test__________ -w~~~~~~ _

T:;pe of Equipnent Tested'--- ---!.. _

IC.~!1t;fica tion No. <1-, I) 7 p0&
rr:;pe of Test----------------------------------~~--------
Artoi.errt Air Temp• _

Exhaust, Readings

CO HC CO2 02 E:x:h. Temo. RP1\1

1- d)3 ').7 I.gO IZ3 3"7' Fioo
,63 ;).~ je. 6" " /ft1ZJ"

., .

2. ~$O /g,~'
J. '6') ;)7 /.7b I). J, 3{' Lf ' ICJoC)
4. ',03 ).7 /. 25'"' )3.,5 , "3(. j 1'lfY)
5· 163 ~~ &7' /s.s: 310 "] 19c:JO
6. I 0] ?-i 1.5"/ /9 Lj 337 /u.,i)
7. I D:2 ;;C /, IS I ) 7',0 337 )ra::.b
Q ,0 J. ~t l tl If; F 333" !kPu'.....• ,
9. I 03 :;2] /.s( Ij,6 33:5' IwJQ
10. 162 ;;, /.£) 13/1 3Y3 !6o{)
Lengtn of Test in minutes

Signature of Technicians



. ..~. . "
• • ~ < •• '

"

' ..: : ..

•••••••••. _ •.••... _ ••• ~,..., ••••: •..• :< ·'r •..t.· ·__ · .. ~-.•..._.:...•.......... ,.. :.'..;..,,·,~;f~! ::•.:..,•••• ~.; ..:..,..,.. : .•• :. . ~.''':'' ~';.:..:}:.:...:.;:;;;~~;~J~;.;;~~~..
.... ; . '.' ..

Exhaust Gas Ana),vsis Form_____ k __

Name of company $~,f~/...!.<rbU!~~~~L:::..·-=~_. _

illte ofTest -4tn~~~~/L-~~~D~/r.-·~~-2~---------
I'.:ypeof Equi.pmerrt Tested~ --.-;.. __'___

Identification No._-_....,/~/-f'l -----'Milage t~ ')';)07'-19'
~ of~~ ~~p~0·
P~cient Air Temp. ---

Exhaust Read.ings

CO HC CO,... 02 Exh, Te!'rID. RPMr=r«:

'1- 6') ~1 / - " 1,4~ 18.9 370 .·..tCfOD

2. ,03 ..:2/ ,~~ I, 'I' /%'·1 'gtr :/900
..

3· ib?> ')..Lf /,/Y /. 4'1 IC;, ) 6b9 /qdO
II ,03 :2,-/ 1 ~'i j, C;3 )90 3~2 ICJ(}o-,

5· i03 23 ""~? /.46 II.D 3~1 /1()O

6. I ()3 :2'-{ / L)2 /1. i 3% L~6Dc:

7. .0 ~ 23 .
I 1.)2 /9. I 3'-1'0 /aoo/ <-

8. .03 :2S- /. )"" I. ;;..2 19. 3 3~J 1600

9. ,D~ 2ff /~/" I.~ /9,/ 339 106CJ

, ('I 103 :25' /.) J I.) I )9.2 33G lioo.I.V.

•
L€~th of Test in minutes IQ fl1/AJ

Signature of Techniciars
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~!)~:~~!..I Research Development ~roducls • PO. Box 53. Evans City. PA 16~33 • 4121538.884,2.
~~~~c9' ~~ LO \¢>. '. ". .' .... . .'; .
: :" ~/.1'v •~ , .... :•..... ". . .... . : '.: ';,.: ..•...,..~ .
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Exhaust Gas Analysis Form .

Name of Company .fIt I4AJ~L ~ . t&ts
rate of Te~'.: . /11 &j .Jq /9 F!2

TYF€ of Equipment Tested:...-..;.. ---,- -.:....-:.:....__ -'-- __

fr..;i!'1c rr:i~C and Spec.s----------------------
relent; f'Lcat i.on No •__ -1-_1-1L.l ~(, __ Q.;...-_Jc__ __=Milage .2.L/~ ?£0
~.:-€ of Test._· ~

. (( t~
:-.1 j

Ambient Air Temp• _

Exhaust Read.ings

CO He CO2 02 Exh, Temo. RPM .

.1. ,0) /CJ /.J'~ J~c t. /l~t, . /.<7 ? 33 r 8DOo.
2. tD "!:> "'/7 /,(1/ t ~( /8'< S- /. '" 3t.;{) 1200'17'.-.

J. d;/{ jCJ /.j tt.t/ Ii. L( /p. r, 3'-1J 1200;

4. ,6"5 !~ /?6' J. CC /F ..C / c q 34/ /900,. ;

5· ,u1 :2Q ~ .'1:' 2,(.. c /9./ /9.)" 3/-12. nOD

6. /02 :6 3 / ::. I I. 61 n.c /..? 3/'-1 IC:.oo,
7. ,6 ") 12 I f I I, cI 1F'.9 . ?l 3/5' IWo

8. JO~ l.Cf /. I? . /.6/ }o;.C( /ft'1/C /(,06

9. I Db /9 / r , I,~ .2 Ir.? Ii' 3)~ Iboo. I

~

10. ,0) .23 /. ~J !6~ J9.J I~ ' 3) i '/(;00.

Length of Test In minutes
,

1n/4/

Signature of Techniciar,s



CO HC CO2 02 Exh, 'I'errrn, RPM

1. .O£-( ,q J'Y 2/£ )'8.D is. I flob•
2. ,04 23 ~ d. HI 17·1, "$6"S 1100

J. '04 22- ., ;;J~o r /f.3 3~3 '1900
4. ,by :d~ ., ., :J.O r Ir./ 3s-rs:- ',160~

5· .Olf ;1~ ~,20 f IF.] 3~t- tt60

6. J{)« :2G ~. w' /.72 /F.~ 3/3 /~cJb

7. IO~ ;2' , /J /.11 /f.9 "3/;; 1(..00

8. ,D4 ;;~ J. /J ).70 /s.c 31"1 1(,,06

9. .o Lf ;2(.,.
,/. ()?' J {,.q /'K. 'K "3/2 /co ()

10. I DLf ;2(, ? r; 1.70 Ig.~ 3/ / IG()CJ,
Length of Test in minutes 1 /hIM
Signature of Technicians

, •• 0-

.. :......

Reseqrch Development Products· P,O, Box 53. Evans City. PA 16033 • 4121538-8842
~:bl '
rl'~ '.Lt I > •

Exhaust Gas Analvsis Ponn__ :...:.__ k

t;alle of Company__ ~~.,..ba.~L.c~~Wl=~~~:::..::e~-LI2c£V...lo.C,,-- _

~y Zo /~a
./

fate of Test -----~~-~~~~~---------------------
r::':./}:€ of Equipment Tested, --'- __

Fngine Type and Specs, ".:..&.=-.!.' /f:L::::.c.A-=c..=--b.~~,L.Z----------------_

Id,'SntificationNo._-I-_.,oC-Iloloo'-------~Mil2ge_D ~'/O I
T-./pe of Test, -'- _
P.l7;cientAir Temp. b7

Exhaust; Reedings
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2.5 3.0 4.53.5 5.5 6.0 6.54.0 5.0 7.0

CHART NO. WGPE 237-1028

•...•.--
SAMPLE qtpu.. hIf?c

h

WAVELENGTH (MICRONS)
Prinled in U.S.A.

WILMAD GLASS CO .. INC.
U.S. Route 40 and Oak Road

WIlMAO BUENA, N.J. 083 to U.SA

SCANSPEED~
fo

OPERATOR _

DATE

CURVENO. _

CONC. _

CELL PATH _

SLIT

REMARKS _--
ORIGIN

I I
I

., 1
00

8.07.5

10-78/50/WP
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: --

_-1--:-_
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+ ;---:

; !

IJ
"J

,--

2.5 7.5
Qd~--~~~~--~~_Lil-L~_~!'~I~~~~~L-L-i-~~i~~I~L- ~ __~~~~I~~~ __~ __~~~~'~I~-L~~~i __~~~I~I~'~~ 00

8.03.0 3.5 4.0 5.0 5.5 6.0 6.54.5 7.0

CHART NO, WGPE 237-1028
WAVELENGTH (MICRONS)

10-78/50/WP

WILMAO GLASS CO., INC.
u.s. Route 40 and Oak Road
BUENA NJ 083tOUSA Ptinted in USA.WllMAD - - .. -

SAMPLE rC« LlfR CURVE NO_ SCAN SPEED /MI- OPERATORzt z;
CONC. SLIT fa

DATE

ORIGIN CELL PATH REMARKS
- ..

, --
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~!: -, I" •, I--++-J. .- :,.

t- .t:0

I I

! !
17

I
I

T. II "1

i
, i i

I

, I

I

.60

.70
.... - I..

::_:.L:':: .
. - ..-.- .. -;.....:..-.

::.=-:~~1.:
! I I 1'1. i ! , I I

I'

.30

11 !

• I

.60

.70

5.0 9.0
00 ~'-'--~I~;~:~~----~~'~!~:_:~-L~~~~LLLLI~I~!'~-LLLLL~~-LLL~~~~LLLL~~~-L~!L!~~!~!~LL~~!~'~~~!' ~~~~:~I~~~~~l_!~

14.0 16.06.0 7.0 8.0

CHART NO. WGPE 237-1029

10.0 11.0 12.0 13.0

WAVELENGTH (MICRONS)
WI\MAD

WILMAO GLASS CO.• INC.
V.S'- Route 40 and Oak Road
BtJENA N J 063 to V S A Printed in V S A

00

15.0

10-78/S0/WP. . ...

SAMPLE --9-M aLl-?\- CURVE NO. SCAN SPEED /04 t OPERATORI /I
CONC. SLIT 6 DATE

ORIGIN CELL PATH REMARKS,
--
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Exhaust Gas Ana.lvsis Form,

r::3..'11e of Company ~((laN§-L £=- --='-- _

JEte of Test --L!n.:...J........!Ifj~-;) O+I---'-/......LCj~·~.:....7.J....· _

I~:r;.€ of Equipment Tested ------

'l'YI-'~0:' Test-------------------------

I

t. 1 Exhaust Readl,Y'f}
CO ..• 71""'\ CO" 01- Exn. 'I'enro,IT.J

-<:::

1 • 10 I /g-,3.7 (/5~ r /F . .2 31'

~:
c, v:

'<I. q '3 I h:~) Z',.3 2.(-1
I 6 I e /0 /. JC]
i 01 /'1 t (j~ t / s. h 31LL

I! /01 IF l,i:S Jy.L( ]/4~.
5· iO I II /,s > ) F.tj 312
6. ,01 I¥. /.C7 I%'.? :J~q
,.., ;6/ I...f At? /. 6CZ' /Y. C ·:urc.( . -
Q to I .-LX._-Lfc9 /9. D ;< "%7'-'.
0 ·0 I /7 /,70 /s ~ :"lire../ .
'r D I 22» I. ("9 III ;;:2 g-.3j .J, 1

~-~~~~~~----~~---~/~.?~~
120fL
/900
)100•
J~o
/heJD

::-- --L/-=.~0

__ ~~~ ~/~hO~
e.

:Lr:r.gt:l of Test in minutes ---'/'-'D"'--_--L..,/)1~J...LIAJ'---- _

SiQ"'l2.tu:-e of Tech.nicians ----------~~---------------\
/,. "



1

7::-:'~;;:;::':-.r.~,;,·; iJ F,2search Development Products « PO, Box 53. Evans City. PA 16033 • 4121538·8842
1~~'.J 1#1:[':;;0-,: ,<;'1'1-
j '~':l:d, C-;:1 V'.• ..-' '" l4(}

-1;

Exhaust Gas ft_"l2l vsis FOrTI---- "

r:::::.rne of Con.pany__ '1J1 y:t-N r;. L€'

illte of Test -LM.LL.:.IJ..L.I....-+-/ ;) q 1C; g 7
(

'="'JTe of Equipment Tested'--- ~ __

IS2C'.::ification ~10. L 1 "7 Milage C;o "-~
~~i~e of Test

)~c·ie:ltA.ir Temp. _

co He CO-2
11: fl'Zl

02 F"fl~. 'I'ernn, RPl\1

L J {)).. :;2 3> /' <it, (/7.a . 3c.c.r {t::too

f
r • .../-p~-

A '1 2. l 0 /..'iJ ( ?S \ I, Lj 7 J / gL_-,-" .3~t~F ---.J/"-...!Cft:..={)_~
, l.' c - ) l/'" ~ . ) ~. ~-

f(J. < J. ·0 J. 21) ;)..~-.'I /. r.; i.,Jf, '.( 19,;2, (, ". 3C,~ {yoo
'.' ~ ,e'L- I. )

a.• j 0 d- ~ f"" ), Lffa Ji/l 3G3 /90 D

3C3 196{)

?yr.:3') 7 /coc»...
<~37 IGoo

IGo 0_

1~6__~
('00

5'_1_03 d-Lf /' '-f1 I p).
<6. I 6 ').. ).. 3:> / I..2[ Iii, ~} /13

"7, , D 2'1.,,:' / J.~ i~l J .2~· (I Cj, J
2. ,0). ~r'.c 2'1 IJ,:{ ;.2"t 19·S-

9. ,0 '2.. ..2~ 1.27 /7. ,
ic. ,OJ- ;< ~ 1)7 17. ~

12

33S-
33S

3$3

.6

Ler.gtil of Test in minutes ---~~-~~~------,---------------
.

tn/IV

Sigr-.2.ture of 'I'echn.ic i.ans --------------------------------------
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Memorandum Report
To: Dave Zinn

Triangle Oil 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-l baseline test at your facility, 2) a graph of
the percent C02 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 tllisbrief summary report.
The first is a comparison of fuel flow to the engine as Ineasured
in percent C02 at 1600 and 1900 rpm, respectively, for the
three 430 powered UIlits. These three trucks are used in 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-l test, it does demonstrate that changes in fuel flow can
be monitored using exhaust gas analysis. As you can see, the
method is reliable as all major exhaust gases show challges 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 lists the trucks by unit
number and makes the comparison at 1900 rpm. Again, fuel flow
in terms of percent C02 in critical to the comparison. Also
included in the table are the engine performance factors calcu-
lated using the standard engineering formuli enclosed and the
total molecular weight of the gases measured in the exhaust
stream of each trdck.

Comparison of 430 Detroit Engines at 1900 RPM
Unit #
115
101
102

%C02
2.58
1.93
1.85

UHI CORPORATION

Molecular wt.
29.04
29.07
29.15

750 North 200 West, Suite 306

Performance factors
152,891.02
193,082.34
206,538.49

Provo, Ulah 84601 (801) 374-9010

.-::: ,--:<



.--

Based on the C02 concentrations and the resultant en9ine
performance factors, Unit 102 is the most efficient of the three
430 povre r-e d 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 foJlowing milages would
be indicative of what I would expect to see in the other trucks
based upon the C02 in the exhaust stream:
Unit #
10J
102
115

MPG
5.0
4.67 (-6.52% from 5.0)
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-l trial you are performing except that it gives greater
credence to the exhaust gas analysis method of dete r-m in i nq 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
determiIling how efficiently the engine uses the fuel it receives
and, therefore, eng .i ne pel' f orma uce factors can be used to
determine comparative changes in fuel flow to the engine.

2. The higher the
efficiently the engine is
factors are calculated, a
the percent change will
engine. In most cases,
closely to the change in

engine performance factor the more
using the fuel. Once the performance

simple subtraction and computation of
reveal the change in fuel flow to the

the fuel flow change will correspond
C02.

3. The use of en9ine performance :factors requires that
baseline rpm and exhaust temperatures be reproduced in the FPC-l
treated fuel test segment. This will eliminate any variability
in temperature and airflow.
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Triangle Oil Company 1900 RPM Data

Unit Engine CO2 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 29 J .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 19.1 355.6
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 Oil 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
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Exhaust Gas A.Y1alysisPonn

Name of Company------------------
lite of Test -----------------------------------
'Iype of Equipment Tested'--- _

f.ngine r:fY?e and. Specs

Identification No'--""f-V---7··~<-(:· ~~. ~,,",,- lVIilage ·61~f?L/
Type 0: 'I'est _

Ambi.ent Air Temp.----
Exhaust Read ings

CO HC 02 Exh. Temp. RPM

6.&3 35 ;;$1 /i.o 33~ ,1600

a!23 3.s- co?$O !ZL_3--=-7_...L-~__ ~.J'-&.L~-=-tJ_I.oo"_O-
9.£ 3s- d,S 0 J~,0 37~/ ./bIJO

- ~

lO.a3 ,XC dS(J )7 CZ 370 Jt~tJ
Length of Test in minutes~/<_'C?_'-.:....nu~· ~. ~-",. ~. _

Signature of 'I'echru.ci.ans _
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Exhaust Gas A'1alysis FOTIn

Name of Company V//lJ!/Gltf O/C-

Date of Test &.£/c- /( /7'17
/

Type of Equipment Tested _

Engine Type and SreC's ~C;/~ ('7.1 T

Identification No. c90 Milage /76.&&/
Type of Test _

Ambi.ent Air Temp.---
Exhaust Readings

CO HC CO2 02 Exh, Temp. RPM

1. tJ5 3Lf :;;'/1(; I,Zr: 3L/g /@tJ'
2.-tl7' 3b c29~ ./Z~ 350 /1't!/t:J

).os: 35: :27% /6,5' ~3s9" /f'CJiJ
h·Ot( d!C dl77 171 ,1517 ICZ(!)ZJ.
s·OL/ :zp- >d77 IZZ 359' /Ptlo
6·tiL ,]S- c22b /g~ 10 ~M$ ~

7.05 ,:7S d4:?? ~ Jg,~ dCZ? )hOa
8·05' 1:;- 222 /<JfS- 2C;C; 1006

'"'-e:
~

:;, ~~

J~ %r 160l5
]10·Ctl d/~2 bJJC-

Length of Test in minutes /I /tl.krLP
Sigrature of Techniciar~



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

4.\'

Exhaust Gas Analysis Form
Name of Company __ 1lJI4Pt-l. tr" &-& 5 .

=J:- "]'7 - 'if IDate of Test__________~-+~~L-~----------------------
TJ~ of Equipment Tested-----------------------------------
Engine 'Type and Specs. 4.....L.::::.D:....:::()~..LC_1.(..J..../..JJlv!~ r;_L_.!· U!.L..Lld.----e.t~6~ _

Identification No. IIG rvU.lage ? LfO 490
Type of Test
Ambient Air Temp. ~3

Exhaust Readings
CO HC CO2 02 Exh, 'I'emn, RPM

--Jet
1. .o3 :;. ?-. ~.I'i is: ~ Jt100
2. .63 A) ~./7 L ~-.ci 1('7 Lqoo

J. ,03 ~:Z ;;;,I~ I CJ.o 3~~ /900
4. .0 '3 22- ius: J f.« 3C~ {100

5. I os .;23 ·;).It! I?"O 3.'3 -/qoo
6 .. )()3 -:21 //1/ J'lt7 s.:? , jtoo

7. ,0 S ;).4 J,g? /ta 3/? j{.60

8. 103 2.'-( / KtJ /0;. '2 3~3 /(00

9· 103 ;23 2.90 ) g.o- ~ 2<-( /'°0

10. ,03 :2'1 /. 'r; J /7.7 313 / (OU

Length of Test in minutes q
Signature of Technicians

I
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R,esearch Development Products > P.O. Box 53. Evans City. PA 16033 • 412/538-8842
10~

Exhaust Gas Analvsis FOnTI---- ".

Nameof Company__ ~~liJJ4 N6--Lt: &--t4 s

4-1~- ~--,-7 _rate of Test

Type of Equipment Tested:....-.- _

Engine Type and Specs---~~~~~~~~~--~~~---

Identification No..--11 4 Milage 113'7q~
~.;pe of Test

Arnb.i.er. t Air Temp.

Exhaust Readings

eo He eo 02 Exh. 'T'emp. RPM-2
1. ,03 ;to J.I I 1'1, S- 5 ss: ICfbO

2. £63 )0- /.70 I~r 3~L,. IQo 0

3· .() ~¥ /·7 J. }9·i '~b~ jqaQ

4. t03 2Cf }. tD /8/1 3..sS /100
5. ,0) :;'0 I.') "J- )V;. g 1s7 I<:fOD

6. lOS )..'f /,4 ~ )9, / .33~ jwO
I

7. ·0 3 ?-7 J,t.;) 8, / ;532 tcoo
8. ,0 ~ . ..(0 ), L/$ 19·3 33.2. itd.J

9 .----'../)J. ;Z~ /6" I lCf) s 3.2 "aD,
10. ,0"1 ~~ J.~I 19. 3 S 31 10D

Length of Test in minutes Cl
Signature of Tec~niciars



Research Development Products. PO. Box 53. Evans City. PA 16033 • 412/538-8842

Exhaust Gas Analysis Form

Name of compa"YJ.y_----'~'-"R'_+_J1AL!.LiV.=:...,,:· ~=--==L,-,=lZ,----,c:.~lJ S=-- _

Lj- /,-~7IBte of Test ----~~~~------------
Type of Equipment Tested~ _

mgmp. TypP and Specs 3S0 Co. U I!? M I MS'· -fu;f 1S6

Identification No. , / ~ IVLilage 6 ~"'7t.f C;7'
Type of Test _

Ambient Air Temp.---
Exhaust Readings

CO HC CO2 02 Exh, Temp. RPM

1.,()3 dOl dti! &0 356 /9'OD
2·123 d~ c2,t/t/ /ZC; 356 /C((J}(j
J . .Itic2 c2/ e2,L/tJ /tc2 .353 /1&(2
4. ~2, c:2! .;(,L/O? J?/ 3::J-1 l1tfJo
5. t1M ~8 ~ 9'01 /2,0 $b~ ffO()
6.C~ dLj- It?? /;J,7 3/0 ,'6@61596
7.t2~ ~t( /Ifr /;'7 »»: /Ulil J55b
8. ti~ ~L( //11 /gZ 3CJ'l /~/b3tJ
9. O~ J8 //67 jg,q .26g ltoe/550
10. V~ cd3 b2? fJ,7 9CJ7 .IhHuSS1J
Length of Test in minutes 12 Hra/J

Signature of Technicians

(!?7;. .~
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rate of Test --------~~~=-~~~~-----------------------

Exhaust Gas AnP..J.ysisForm
.-r"'"
ZeAf~Jc~?-t?IL

k/UL. /I; /f'r/7
I

Name of Company------~~~~~~~~----------------------

Type of Equipment Tested -------------------------------------
EngLrte Type and Specs----~~~==~===-~~~~--------------

Identification No. II"] Milage 73?~ [p

Type of Test

Ambi.ent Air Temp. ~/ q

Exhaust; Read.ings

CO HC CO2 02 Exh. Temp. RPM
1. .0,) ';). <1 I,n : / <i, ~ :S~-I no o
2. i 001 ~ } /,7 c) JZ,tj 5s3 19DO
3. .63 .;.{Z' I. '69 19,0 ·3~'i 1'1' o o
4. ,0 3 d9 J.Wt / r.: ·s !'-7 lCjaO

5. ,03 ~o ./. Z9 JCf. d. 3SK' J'10D

6. ,0 ~ ;).~ ). ''-I )9,0 3~ ~ /CoO
7. ,Ql ;;{l l£H /9,0 s3Lf "OU

8. ~O ~ ~, I.c '3 /9. c.; 33 5" u-;
9. , o 'J. ;;.(. I C"Cf 13.9 3'3tj 1(.00

10. JU? 2" /. t. if 19. I 333 /C,OU

Length of Test in minutes I-L /1("'>.1

Signature of Technicians
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Rese~rahDevelopment Products. P.O. Box 53, Evans City, PA 16033 • 412/538-8842

q~

Exhaust Gas Analysis Form
Name of Company__ :GflJ1.M-Le- ?/1S

LJ- /7- 17Date of Test------~--~~~+----------------------------
Type of Equipment Tested~----------------------------------
Engine Type and Specs----~~~--~~~----~~~~-------4,-//)

Identification No. 10 ), Milage qql }g s•
Type of Test
A~bient Air Temp.

Exhaust Readings
CO HC CO2 02 Exh, Temp. RPM

1. ,0). . ? 1. J·9 q /£3 "'d90 1'100
2. .e> :l.Lf Q.!J '-t 10,,3 ~~J~ ,900o'l J~ /'-1 tf . /0,,7
J. rb') I r; , I 190 :t '2J 2, 190 (JI • ,

4. .,,() ~ /~ IJ' 1'$" t, :1CZ{ 1960
5. , ()1- 13 J. 7 J /8"J 'J-q 1 . }900

6. ,0 )... 1/ /.3S" iCJ. / ~~y lL,oo

7. .0 J- /1) 1.33 ri. { .:?S3 /(.00

8. ,0 ~ ~3 1.35'" I '7, ~ cRSy 1(..00

9. ,0 ).. 2?:, 1.35' /9·1 ;;2 .s-3 !{,oo
'2. ?'J 1.33 I ~-i :)Sy !w610. J 0

Length of Test in minutes q
Signature of Technicians
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Research Development Products. P.O. Sox 53. Evans City. PA 16033 • 412/538·8842

Exhaust Gas Al1.alysis Form

Nameof Compmy :r&~~/j.~q~N-~--L~E--~O~/-L----------------------

tf - 1'- '87lite of Test------------~~~~---------------------------
Ti;pe of Equipment Tested~ ~ _

Engine Type and Specs --=-~_'1~;t t.........Lt_3~O~D=€c._!7_ _IoD~__ ·....L/~U~I(~t~o_

Identification No. 10 I IVTJ.lage C; /3 gf.f9lJ Yo8
TiJPeof Test

Arnb.i.errt Air Temp.

Exhaust Readings

CO HC CO2 02 Exh. Temp. RPM
1.

I o I ~;) J.cr5" L!.~ ;}, C, Cf 1900
2. .0 J ~.1 J. cry Jr.' :J.'/ D lCf'a D

~) j.93 - ;)t- 't ;900J. t'O~ /0;. !:J

4. 102 J:t /.Q3 j'6.7 -J.C,Cf /C'(oa

5. iol J.;l J.9)" a. :2 ;);/ iCioo
6. 10) ;~ J. } I I?~ JSD I'DO
7. ,0 ). ~l J. 71 /7.1 ~SD /t,ao
8. ,OJ. ;).:/ J, 70 I g·er ;)t..Jg- 1(.60.
9. ,OJ... ;;''f /.70 /g.ci :241 ItbO

10. .0':1 ~3 /.7f 19, '-( 'J.i{ to /("oD

length of Test in minutes II
Signature of TecrtlUcians
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Exhaust Gas Analysis Form
N~e ofCom~Y ·~4/~f~/4~N~f~L~e-~ _

L/_ / 7- ,%1Date of Test__________ ~~_L~~ _

Type of Equipment Tested _

Engine Type and specso ---<L/~3~O:.:C.----l:/?::....!:er:::=.....L-1 __ -r:--=---:...u....:.JI{.........t::...~~O _

Identification No. II S lVIilage '-{J 4 J 71
Type of Test
Ambient Air Temp.

Exhaust Readings
CO HC CO2 02 Exh. Temp. RPM-.... ~.•..... ' .

.. .~ '0

1. to o?- ?-~ ~~) ;'6,,0 30'1 1900
2. .0 ?. :J.L( ? to I 17.q 31/ jCfoO

). 10).. 'J~ /).5' J 8.'1 -;?IO I qOO

4. '0;2 ICZ ;),5t. 15,0 '3 i I lC(a o

5. .o ') ,q o.sc 17.9 3/0 I Cjo ()-6. .01 ?~ :).;) Of /&. Y f1 81 fL.o (:)
;

7. ;0).. 1.1 ;), J 3 J g.t-( :2D.3 ICoO

8. ~0). J;) :230 J E'9 ~ZS- /'00
9· .0) ?'J- -:1. -;.. t.

/81 '-I .263 ;c.o 6

10. . D). ;2;1. J.::<'-f /9. 0 ;:2 g ( I{"{) o
Length of Test in minutes 7
Signature of Technicians
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