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UHI-IECHNICAL-REEORI

Abstract

A test o r o o r-a m to (j!,+,pr·ml.r)ethe e+f e c t. of FPC-l fuel
cat. a 1 y s t, 0 nth f.! f u e 1 e con 0 rn V ',f 1_n p R.;::. Pip r c "! f Lee tOt t rue k S t

.i n iiC'l.r'rlSVllif!. PennSylVan1d! W2.S conducted u n o e r- the directlon
of Ed NussL'r' "1.Lt) RDP Inc. ~ a no Bu n k PLE,r{'(?, owner of Pu e r c e
T rue ,< 1 n q 4 T h (! r f! o \j C t 1. o n 1 n .cu e.\. c- o n sum 0 1,ion w <'.1s o l! t. e r ml. n e d c rom
,1 c a r o o n+ b a Le n c e method which J'::, bar,eo on -ne a s u r e m e n t s of t h e
exhaust gases from tne truc~s. Results of the test show that the
cataiyst can o r o v i d e c o s t; c;avinC1<; up to '1.4% for' the di e se l fleet
whlcn W2.S evaluated.

Introduction

ThlS recort summarlle~ tnp
on R.E. Plercp Cirpt trucKS to
con~umotlon due to an Iron based

result~ of ~leld tests conducted
mea~ure the r~ductlon in fuel
'uej c a ra Lv a t , FPC-l.

The f u e 1 c a t a I y st. rl. n Q.p t (> r mrl. r K [' t pro 0 U C t con t a ~ n i n9 .f err 0 U c,

ocr ate. h 2. S r~ens u b .' e c t p d t_ o ext p n s 1. (e e ng i n P. t est 1 n q 1. n
,I.no I?D !:' nden 'f; , .:l b 0 r at 0 r' l. f~ S at 'I n 1 v '" r S 1.t. r usan dEn v 1.r 0 nmen +, a 1
P r (I t Q ct ,\.0 nAg (::!. nc y (E PA) r Q C (VI '\ 1 l. (' d i a c 1 J. 1 t 1 f' S • The 5 e t est,c, • I,n
o 0 t, n q d S 0 j 1 n e a n l1 d i o5 elf) 0 INt" (' '.' (- v e h 1.C .1n 5 , h d V e d '';> m0 n "0 t t' ate d t h d t
Lnl' c a t a Lv s. t; can provide: +u el ~.l i v i nq c r a no i nq fro m a o o u t 2.% tCJ
10%,oeDendlno upon fact0r'~" '.,uch as tho o o c r a t ao n and c o n o rt i c n
of the eQUlOrtlpnt, a n c t.ri e +u e l o u a Lr t.y ,

The tf~sts have i.o c Lu d e o tne EPA Ff-~deral Test Pr+o c e d u r-a (FTP)
ana Hlgnway Fuel Fconomy Test (HVET). the Society of Automotive
EnOL" e e r s (~) AE) J - 1 0 E3 :2 ::.;u o u r-ban and I n tt? r-s tat e T ..~"t Cv c I e s , CRC
cold star'1~ d r Lv e a b i Lu t.v t(~~,tt a n d a c o m o ut e r Lz e d e nq i n e
oyna~ometer test secuence.

Over' a d a c a d e of' fl(~ld t(!~,tl.nqt o r Lma r a Lv i. n heavy duty
d csel fleeLs, subst~ntia~Qs the l~bor~tory and road test
re~ults. and SUQg~sts an a'Q~age l.n-ucp Imorovpment tn fuel
n c o n o ro v 9reat"\r t,han that o r o o rc t.eo by the EPA and SA? test.
fleld apoliratlons have also shown tna1• the catdlvst inhiblts the
+o r m e t.uo n of hard c a r b c n d o o o ss r ts on istons, v a Lv e s and o t.he r-
combustion chamber surfac .5, and gradually consumes pre-existlng
carbon deposlJs, WhlCh notpntlally ~urtnRr reduce, malntenancp
and ooeratlng costs.

UntIl
orl.marll.y
S e o tern b e r-
i'! carbon

late 19~3~ vC~l.cLe fuel
b v v i'l r 1 0 Us t f~S t, t r- cl C K 0 r

19~3, t~~ U.S. EnVlrO"me~lal
o a 1." n (' '" met- h 0 a too I' t·..r mi, n '

c o n s.um o ta o n was measured
road test orocedurps. 1n

ProtectIon Aqency utlll.zcd
fuel economy in con.1unctlon

pmlss'ons ~est. 1h15 m~tnod



rat r- l' r: t n and .t r e c t m l! a s, u r- e mp n t 0 f f IJ (' 1. r- o n s [! mn t 1 0 n •

By 1974, ~he carbnn haianc
E I) A c 0 1 a "', tar t e m 1.S S 10 n s t, r~,~ t
cycle was mooifi~d by addlna d

~ederal Test Procedure (FTP).
was developed WhlCh is known

metnoc was used solely in th_
cy,:'e (LA-4 Cycle). In 1975, t.h e
~ot start and was known as tnv

Lat.e r- a hl.g'')way d r uv i nq simulat1.on
a '3 t .)e 1-Il q h way F u e lEe 0 nom y T 2 S t

(HFET).

A s;er'1.e"', of ·teste:,b v F'o rd l'<lotor'Co m o a n I c o m o a r e d techniques
of 01rect m~asurement of fupi consumption (volumetrlc or
tH' a Y 1 met r \.C ) to ·t h (! car bon h a 1.an c e met hod. The res u 1 t Sf

o u o Lr s b e d as SAE PaDer 'j~)OOc:.. eni~ltled "IrnoY'oving the
Measurement of Chassis Dynamometer Fuel Economy," stated

" ••• fuel economy r'psul·t"" o ot a in a o b'l carbon mass
balance calculatlon of carbon conta1ning components 1n
the vehIcle exhaust arp at least as accurate and
reoeatable as those obtained oy direct fuel measurement
of fuel consumed."

The study also determine tnat tne crIt1cal factors 1n the
measurement of fupl consumptlo~ wlth the carhon balance method
,,\t'e the me a s u r e me n t, 0'::' COr":, the use of' standard1zpd te.st
eOU1pment and orocedures, and correction for dlfferences in
a mb r e n t, c o n c i t a o n s , The complete o a o e •.•• i<o, included 11"1 Ap o e n d i x

A.

UHI Test Procedures

The fuel consumotlon test ~ethod ut1l1zed by UHI and HDP
a n v o i v e s exhaust gas measuy'ement~.; of a statlonary v e h i cLa , No
c has S 1 S d Y n a m 0 I'Tle t e r .1 S r'e Cl.U 1. r- e 0 sod r- 1 v EO!r: err 0 I~ and t, i r e / r o Ll
s 11 POd.q e a I' (! e 1. :Lm J n ate d a c, sou r c e s of J. n d,c cut' a c v , The mt~t h o d
oroduces a value of eQulompnt fuel consumotion with FPC-l
r' e 1.at 1 V ~ to a b a s e 1 i. n e val '-H~ I' <;·t C1b 11she d wit h t, h e s <1m eve h ~ c .1e _
Although the t(1st. is not as c o n t r o Lde d as a I a o o r-a t.o rv test, c a re

1S taken to e n s u re c o n s.i et e n c v a n d a c c u r-a c v , En o i n e speed and
load a r e ciu n Lic a t e o +r o m L(>.si:. t.o t.e st , and me a s u r e m e n t.e of
!,~x h rl. U s tan d ,) m b 1 en t t em0 e r- d t u t: e i1n d 0 r e', sur' f' are mad e top e r for r1

aoproprlate correctlons. 'rhe carbon balance method represents d

oract~cal, econom~c and reoeatable ap~rQach to determlne relat~ve
fuel consumotlon In the f~pld.

Ex h a u-s t oases are a n a Lv ro d b v sta1.e-of· the art rn+r e r e o
(NDIR) exhaust oas analvzers m~dp by the Sun Electric Corooratlon
(SGA-9000) tu measure CO?, CO and unDurned hydrocarbons, WhlCh
a r-e aIL cay'Don .-con t; a l. n j n Q e x '1 a u s t Q a St·' S • I n add 1.t 1 0 n ,ox y 9 e n
concentr'at.10n.ln the ex h a u-vt; is measureo. The SGA·-9000 1S
a o o r 0 v e d b y the E P A f 0 I' V t> h ; C 1.P. e m l S S 1.0 n san a 1y S .15 and i s
c a 1 1. 1 r a t.u d 1. n t. (' r n all V u S 1. n tl c a j 1 b r a tin n q a <0,Q S r' e com men d E'. o b Y Sun
Eiectric. SpecLFicatlons fur ~~lP dna~Yler are aiven In Aopendix
H~



Technlcal Aoproach

A f lee t. 0 f d i Q S e 1 0 ow e r' e d t r- u c k sow n p d and 0 p f: rat e d b yR. E.
Pl.er'ce was selected for t h e FPC-l evaluation. Table 1 shows the
enqIne and mileaqe ot the six ehIcles ueed thrOIJqhout the test.
AI' trucks whIch wpre orlQl.nallY l.ncludec in the basell.ne test
fleet were also Included 1n the tredted segment of the
evaluation.

The SGA-9000 exhaust a nai v z e r- and the thc:>rmocouole
instrumentation w e r e c a Lr b r-a t o d and a lea.k te"-,t on t.he sampling
nuse and connectl.ons was performed. Each truck engine was then
broup~lt uti to stable operating temperature as indicated by the
erql.ne water temoerature and exhaust temperature. No exhaust gas
measurements ~ere made untl.l each truck engine had stab1.1ized at
the ooeratlnq cond1tion selectee for the test. No. 2 dIesel fuel
was exclus1velv used throuphout the evaluat1on.

The baselIne fuel consumDt~cn test consisted of five sets of
nlpasurements of C02, CO, unburned n v d r o c a r b o n s (measured as CH4),
02, and exhaust temperature, made at 10 second 1ntervals for each
engine tes~ ~oeed of 1900 rom and 1600 rom. The measurements are
summarIzed 1n Table 2, and the actuaJ. measurements are contain~d
1n AppendiX C.

After the baseline test, on October 3, 1987, the furl
star'ape tank, from w h i c h thp fle~t. is e x c Lu s i v e Lv f u e Le d , was
treated With FPC-l at the recommended level of 1 oz. of catalyst
to 12.5 pailons of diesel fuel <::1600 volume ratl.o). The truck~
were tnen operat~d WIth ~he treated fuel and accGmulated an
averaae of 5613 miles per truck when, on November 2,1987, the
fuel consumption test descrIbed ahove wa~ repeated for each
tr'uck. The measurements for the trucks With treated fuel are
also summarIzed in Table 2~ and the actual measurements are
contained 1." Apoendix D.

T~roughout the entlre fuel consumptIon test, an internal
self-calibr'ation of the exn~usl analyzer was oerformed after
Q / e r v t.w o sets of me a e u r e m e n ts to c o r r e c t; lnstrument drIft. A
new analyzer exhaust gdS fllter was installed before both the
baselIne and treated fuel test serles.

En o i n e operating spe!2ds of 1600 r o m and 1900 rom w e r e
selected to demonstrate th~ correlatIon of the exhaus~ analysis
With fuel c o n s u mo t ro n , ThOUQh the higher' engl.ne spe(!d is more
realistiC, less fuel would be consumed by the engIne operating at
the lower soeed for the same Lo a o , Fa" a d i.es e I e n q i n e with no
aIr flow throttllng, thlS wlll rEsult 1.n lower volumetrlC
c r.) nee n t r' i). t 1 0 n",of car bon -con t <11_ n i. n9 ex h a U 5 t t1 d S e '5 t w h 1.C h c r.I. n b e
ODS e r-v e d of' r- 0 m the mQ 2. '5 U r' e t1) (' ~1t" q b i a i n E (j fro IT' the ex h a u s 1, a n a 1y Z Q r
durIn0 the evaluatIon.



From t,h e e xh a us t; q e»: C01'1Cent rat ions mea s u red d u r 1nq th e
test, tne molecular WPloht of each constItuent. and the
lemoerature of lhe exhaust stroam, the fuel consumptlon may be
ox o r e s s e o a:, a "oerformance factor I w h i c h relates the fuel
consumptlon 0+ the treat.d fuel to the baseline. The
calculations are based on the assumotion that the fuel
cha~dcterlstlcs, engl~e ooeratlng cond~tlons and test conditlon~
are essent1ally tIle same tnrouahout thp test. Apoendix E
summarIzes the assumotlon~ arld equations required for thu
c c Lc u La t r o n s ,

Results

Tab 1e 3 s how ~; the 0 v e r d 1 I ()e r for'man c e f do C tor s f 0 Y' the fIe e t
for the baseline and treated fuel tests at 1600 rpm. At 1600 rpm
the lffiorovement 11'1fucl economy tor the fleet was 9.6%.

Table 4 shows the overall oerformance factors for the fleet
for the baseline and treated fuel tests at 1900 rpm. At 1900 rpm
the 1mprovement in fuel economv for the fleet was 7.4%. Of the
SiX trucks originally selectDd to be tested, all of the trucks
were ava1lable for the treate~ fuel portion of the evaluation.
However, one truck 1n the tp:l fleet showed an increase 1n
hvdrocarbon levels Wh1Ch suqgested that the condit1on of the
truck had changed or been altered sometine between the baseline
and treated segment of the e v a Lu c t.Lon , However, even including
thlS truck, the fleet average calculations results in a 7.4%
1mprovement in fuel ~conomv ~t 1900 rom.

the
The aver-age

entire flef.~t
fuel economy

was 8••5%.
r mo r o v e me n t , at both rpm's, for

Conclusl.ons

The +o l Lo w i nq conclusion ma v be made from
the FPC-l e v a Lu a t.Lon conducted f<)r R.E. Pu e r c e t

the results of

* The a o d rt x o n 0+ FPC-:i. to the o i a s e ! fuel u s r- d
by Pi(~rcp Tr u c k i o q r('~,ult!~d in +u e I economy
lmorovements of 9.6% at 1600 rom and 7.4% at
1900 ro m ,



Table I

Trucks Used
Throughout FPC-l Evaluation Tests

lln.,l..:t ~.NL) ~__.__I.¥oe .....- _.._.~__E!.)gi.f.le_ ..... ._Mi.l.e s

68 Cu mm in s 400 9,939
1 :)0 Cummins Zl~O 4,303
153 Cumm:ins ::l00 4,816
154 Cutnl1\~ns 350 3,950
1:'5 CummIns ~~50 3,991
445 Drft •..-o i t 435 6,680



Table II

Summary o~ Exhaust Measurements
Dur1ng Baseline and Treated Fuel Tests

Engl.ne CO2
Sneed 'lol.%

1600
Base 1.71
Treated 1.56

1900
Base 1.96
Tr'eated 1. 82

CO 02 He Exhaust
SlQ.l% :\lo.l% uUID ___ I.e.mD ____

0.028 18.9 13.9 318 F
0.028 18.4 21.9 323 F

O.O::J:-3
00030

18.6
18. 1

1~.6 339 F
23.2 339 F



Table III
Volume Fractions and Per~ormance Factor

1600 R.P.M.

Baseline Tr- e a te d

VFCO 0.000283 0.000280

VFHC O. 0 0 0 0 1 ~:39 "7 OeOOO0219

VFC02 0.0171 0,,0156

VF02 0* H:l'14 O. H340

l'1wt 1 29~0320 28,,9869

nfl 35322'.7.8';'30 384694" en8?

PFl ?09'l7'-1.61B9 229994.7381

229994.7381 209779." 6189 = _ .. 2.0.,..215...1..192 x 100 = 9. 6th
209779.6189



Table IV
Volume Fractions and Per+ormance Factor

1900 R.P.M.

Baseline Tr-e ~l t(: d

VfCO 0.000331 0.000300

VFHC o , OOf)01.5':~~} 0" 000021<1'0 ~ .be>oo2.~2

'(
VFC\)2 0.0196 0.0182

VF02 0.1864 0••1811

t1wtl 29.0601 Mwt2 29 ..0169

pf1 308413.5494 nf2 330952.4258

PF1 12'JOOS.9714 PF2 1363:-i8.7519

136338.7519 127005.9714 = ___.._9332 .•38D5_ x 100 7.4"
127005.9714
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