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"snay the same, or decrease." It was in response to this raquest, that

plete evaluation of the effectiveness of an emissilon econtrol system in
achieving performance improvemnts e the many different types of vew
s hicles that are in actual use‘tequires a much larger satiple to test
| vehieles than is economlcally feasible in the evdaluation test projects
- sonducted by EPA, For promising systems it is necessary that more axe
tensive test programs be carried out.
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The FuelXpandér is a retrofit device. marketed by FuelXpanders, Ltd.
of Glan ?allib N.¥: It i8 designed to pre-heat the gasnline before it
feaches the.carburetor. Th@ manufacturer claims the device improves
fuel euvonomy, safety and performances. The basile gquestion asked wae
whether "with 2 FuelXpander installed on an engine, will the fuel
aconony, on the average undar different outside temperatures, increase,

Ty

the TAER agreed to test the PuelXpander., The conclusions drawn from thej
EPA evaluation tests are necessarily of limited applicability., A cotte
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The Environmantal Protection Agency reeeivea information about wany

- gystems which appear to offer potential for emissidn reduction or fuel

economy improvement oompared. to conventional . gngines and vehicles.

. EPA's FEmission Control Technology Division is interested in evaluating -

all guch systems, because of the obvious benefits to the Nation .from the .
tdentification of systems that can reduse emlssions, improve fuel econs .
omy or both, EPA iavitas davelopers of such systems to provide complete
technical data on the systems's principle of operation, together with
available vcst data on. the system, In those cases for which review by

. BPA technical staff suggests that the data available stows promise, ',
o attempts are made to schedule coufirmatory tests at the EPA Motor Vehi

cle Emission Laboratory at Ann Arbor, Michigan., The résults of &1l such
test projects are set forth In a serifes of. Teehnology Assessment and

-Evaluation Reports. of which this report is one

Tha Fuel¥pander is a retrofit device, marketed. by FuelXpandara t.‘i'b. of -
Glen Falls, New York, It is designed to pre=heat the gasoline before it
reaches' the carburetor., . The manufacturer claims the device 1mproves
fual ecunamy. safety. and perfumance. : ‘

. The Postal Inapectdr i Glen Falls requaated EPA to teat tha devica to
 detewinine 1f it net its alaims, The basie question asked was whether

aith a FPuelXpander installed on an engine, will the fuel economy, on

o the avetage under differant outside temparatures. inerease, stay thea

same, or dectease.” It was in response: to “this vequiest, that the TAEB
agreed to test the PuelXpander,

The conclusions drawn from the EPA evaluation tests ate necessarily of
limited applicability., A complete evaluation of the effectiveness of an -
emission control system in achieving performance 'improvements on the,
many different types of vehicles thdt are in actual use requires a much
larger sample of test vehicles than 18 economically feasible in the -
evaluation test projects conducted by EPA, Por promising systems it ie

necessary that more extansive tast prugrame be cavried out. :

The conciuaiona from the EPA evaluat:lon test can be conaidered to ba
quantitatively valid .only for the specific test vehiele used} however,
it is reasonable to extrapolate the results from the EPA test to other
types of vehicles in a directional mannér, i.e., to suggest that aimiiar

| reaultu are likely to be achteved on other -types of v&hiulea.

. }

«  The Fuelxpander did nat demonatrate any statist:lcany signtfioant

‘effeat on fuel econoumy for eithar vehicle tested in eithey the FIP
0!? thﬂ HFET. : i
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“  THe ?ﬁelXpatiﬂer elther ‘hdd no effect on emissf!fbn ltemna:l.1 6:; 1t
. caused an increase in the ‘emisaion levels. The only exception was
. @ decreage of NOx for the HFET tésts for the Aspen, . :

- - The Fuéiitpandei:d:_ld’ not have a ‘état‘:l.aticauy ai‘gni:fi’caht: effect on

evagorative emissions but there appeared to-Be a trénd. toward
stialler evaporative emission increases as the amblent temperature

was increased when the ‘FuelXpander wis used,
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 ow ‘Uaei -of " the Fualxgqndef app'e,are,d' to ‘i:navar a tixed effect on the

emigsion levels as “the ambient temperature was incredsed with the

effect being different for each'vehicle, test ;r:ycle. and ‘emisgion
* . product, - B
N T ‘

- The FuelXpander showed either no effect or a -datra'mehtal effect on ..

fuel economy when the amblent temperature was inereaséd,

~ Device Deseription o o SR , o

The FuelXpander is anl after market devicae, daai’gnéd to pre-he&t' gasoline
before "1t reaches the carburator. The device operates as a tube and

‘shell heat. exchatiger, constructed of copper and/or brass, It uses the

engive coolint as the heat source and transfers this heat to the gaso=
line by eoiduction, The FuelRpander is installed in the fuel line as

' close as '‘possible to the carburetor. The vehiele pasgenger compartment

heater lines are oyt -and Y fittings drve installed to divert payt of the

-engine coolant thrdugh the dévice. Upon enteririg the device, the fuel
1s introduced to 4 chamber through which the water line (heat source)
teavels, this chamber is designed to transfer engine coolant heat to

- the fuel, From there,’ the fuel enters the carburetor in the notmal
manner. - ' :

) :

e following benefits are claimed by the ﬁéﬁufaeturgrl

¢

Performance - "rhe response to the gas pedal is itmediate. Car seems to
just glide along. The superior fuel atomization and equal oylinder
 distribution allows for the elimination of surging, gives smooth pickup
and Jlonger spark plug life.., This (performance) is improvad by more

. pusitive acceleration, When one touches the acceleratot, hesitaticns
- disdppear. Vehicle appears to operate as if the pollution devices were

[}

ot there,

AT

1 These gtatotents were taken from brochures accompanying the device... -

Thure were some differences beétween the claiiis made in each brochurs,.

v

howaver, they were essentially eimilar, There was no information ime N |

dicating which brostiure was the most current,
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; Safaty_; ”The'finer—atoﬁizaéigﬁﬁng zha fuel and ﬁﬁig‘eqnéluﬂisttihution.

does  awey. with the hesitation -that is- experienced . on the 1ate-nodal

cars, Al#o, the automobile will' mot stall after repoated panic stops. " . -

Safety is increased as most &urges and ‘staliing 13 eliminated, éven in
tepeated panic stops.™ , o s - L

Econony « s device shoﬁid: :provﬁ:lde lo;gét plug (spark?) life, 1oﬁger"

{ntervals between tune-ups because of better vaporigation and wore equal

distribution of fuel to aach cylinixiiggr_. " In most. vehicles gas mileage
will improve, Marginal spark plugs' will £ire this better vaporized and
heated fuel mixture, It improves the driving of the vehicle,: and when 2

4t

. ear is running better, it ghould give better mileage." . -

' tmproved Gas Mileage = "The FuelXpander, by pre-heating the fuel prior. |

to entry into the carburetor, allows for a batter alvefuel mixture to be

~ deldvered to the cylinders.”

. - '
s

Other claims may be found in the brochures that came with the dovice.

Copies of both brochures are contained in tha"appandix.r |

i

" The "Fuei!tpander ‘was installed in the test vehicles aceording to the

ifstructions that came with the device. One set of these instructions

"(A) noted the device could be positioned for geveral temperature gainsg.

The second (B) shiws only the position desighated coolest (the device
was {nstalled in the position designated hottest). Both '@ete of in=

T

ratio gauge) 'fxo}rmally available only at some repaly shops. o

 gtructions require use of equipment  (infra=red gas analyzer jor air=fuel

tt chould be toted that althouph. the device came with- a guarantee
against defects for a period of one year, the two devicas received were
both defective. Ode of tha devices leaked water during initial tests
and requiréd resoldering to vepair. A eecond device's fual port wae
plugged, Unplugging it left foreign material in the fuel chamber,

Test Procedutre

#xhaust emission tests were conducted accopding to the 1977 Federal Test
Procedure (FiP), deseribed in the Pederal Register of Juna 28,.1977, and
the EPA Highway Fuel Heonomy Test (HFET), described iu the Federal
Register of Septesber 10, 1976, Evaporative emissions were tested
according to the Pederal Register. | S o

' he vehiclas were tested at anbdent cell temperatures of 72°F and 85°F,
At these temperatures both vehicles wera tested with the simulated dyno

air conditioning hovsépower (standard road lead horsepover getting +102
for A/C) with the vehicle's air conditioning off. Both vehicles waxe .

© also tested with the standard dyno horsepower and with the whtelg aiy

conditioning on,

‘i
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~:The: yehicles ware ‘tested in the baseline, (Gtock) configuration and, with PR
= “the FuelXpander installed. The baséline tests were done both bofore aud 7 -

" aftery the. device teststat-each test conmdition .to minimize bias dug. to-
“tést vehicle variabllity' or change, - L VR N L

T »w R 73 o | R
All teat procedures assoclated with a given test were conducted as- hé ~ i
- test temperature, IMds ‘ddcluded : preps, . overnight sdake, refueliay,
evaporative ;.,‘ta,miasiﬁh.-;,-,}:eatf,_/_,%ﬂd‘é. ete. -~ S o
T . ;f‘ Pt N L f‘-’"l_l' o o ]

feat Vehicles

i
LI 3

The test vehicles were a 1976 Dodge Aspen Wagon equipped with a 225
cubie dnch engine, three spced automatic tramsmisaion, and FR78 x 14
- tires and a 1978 Chevrolet Impala equipped with a 350 cubic inmch angine,
threejspesd dutomatic transmisgion, 'and HR78 x 15 tires. Both vehicles
were jquipped ‘with alr conditioning. These vehicles were chosen because
they ave reprusentative of the. range of vehicles avatlable, The re=
latively large power to weight ratio of the 1976 Impata<is represens
tative of many full gized cars produced. in recent years.. The relatively .-
lower power to weight ratio of the the 1976 Aspen. g8 reprasentative of +
“the ourrent trend “ih automobiles. Detailed deseriptions of these  two - -
test vehicles are provided. in the appendix., g

- ‘thérmocouples were installed on thesé vehicles to reﬁ%rd appropriate
temperatures throughout the test. The temperatures rgudrded weve engine

block coolant, aoolant into device, fuel into and out of device, and.
carburetor air temperature, . o , o |

Ty

The objeect of this test program wvas to determine if there was signi=
ficant beneficdial change in vehicle emissions, fuel economy, or perw-

- formance with the FuelXpander installed. Because heating vehicle fuel
might advarsely affest a vehicle manufacturer's calibration, ‘testing was
performed close to both the upper and lowar temperature limits (68°. and
86°F) of the test procedure. Additionally, operation of the vehicle A/C

- would tend to increase the timperature of the engine doolant used in the

- FuelXpander because the A/C condenser is placed forward of the radiator.

~ The vehisles were tested at maximum A/C to investigate this effect, To -

- maximize the A/C effect,.A/C-on tests werc condicted with the A/G set to

maximum, fan set on high, ‘and passenger windows open.,

- Under the various test conditions the vehicles were tosted for gdseous
‘-and evaporative emissions. ‘The test orocedures used were the Fip, H¥ET,
- and dvaporative  (diurnal plus evaporative). For tha evaporative tests
- the shed procedute, descvibed in the Federal Reglster of June 28, 1977,
wag -used. This provedure uses a small enclosure (wshed) to trap all .
vehicle HC emissions, 'The standard for this test 4s 6 grams H0 per
“test. This procedure is equal to the cannister pyocedurs of 1976 with v
its equivalent standard of 2 grams of HO per test, | |

'
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It may appear from an initial éxamination of the dadli that the use of
the Fielfpandér did affect emimsions and fuel aeconody. Howaver; in - .o
order to deterinine whether the obgerved differences were statistically - =~
significant, a atdtistical teést, such .as an Analysis of Virlance (ANOVA) |
test, mlst be performed. This technique analyzes the difference’due ta
o the subject variable in relation to the test-io-test variapility to .
by - determine if the differcnce s real or due to testing varfability. The
refultant ‘significance determinations are &tated in tetms of 2 pere *&g
~confidence leveli -(See Table ¥ for statistical analyais summary).:

s DL,

!
!
1

EFFECT OF THE PUBLXPANDER ..~ . - . ;\

A
; , : i\
' - . s 0, - , ; \ BN
" The FIP results for the Aspen and Impala are summarized in Tables I a‘.\

~ 11, respéctivély, They are also presénted in Figures 1 thepugh A. . The

. resdlts of 'the statistical analysis dnd the actual changes buiween) -
=y - - configurations are shown in Table V., = - Y

Federal Test Procedure

S v

Jhatd el e

‘The  PuelXpander caused significant increases in HC emissions for the
Aspen. This can be seen ‘in Pigure 1., ‘The statistical &nalysis ine
dicates .that these 4increages were significant at the 992 confidence:
leval and ranged from 15%:to 43%. In contrast, the Fuel¥pander did not
- have a significant effect on HC emission levels from the Impala, N S

E;-d
=
>

The "FuelXpander caused a significant increase in CO emissions from both
the Asge’n -and Impala. The inoreases. for the Aspen weve gignificant ag® -
~the ‘953 level and ranged from 4% to 101X,  The increases for the Impala
vere significant at the 90% level and the changes ranged €rom an 8%
decreasa to a 51% increase. ST , L

PR
AR

i o o i 4 : .
! NO® and fuel economy were not significantly affected by the Fuel¥pander
for either vehicle. While Figures 3 and 4 show some apparent changes :
these changes were found to be due to testeto-tost variation rather than
_being attributable to the effect of the FuelXpander. o

]

Evaporative finiesion Pest

- The Evaporative Endssion Test results for the Aépen and Impals  are
) -+ sumfafized in Tables I and 1I, rvespectively, They are also shown in
- Plgure' 5, The results ¢f the statistloal analysie dre shown' in Teble ¥,
- Figure 5 indicatés that the results vary greatly in magnitudd and divea-
I - tiont when couparing the FuelXpander to the baseline, Statistisal analy
.+ . #dg indicated that the FuelXpander did not demonstrate any significant
- effect on the level of HC evaporative emissions, | o

e §

1. ' -
P
t

. T .
. 9 . . N at
v . 2 E\ H . Vil '
;) . . . WALy
e . PR «* : it ,‘lf LY ) J‘/ N
i : i vy ; . S Vi ?r s A ] ;
Lo ; "1. . ¢ . As
R : . ‘-
- -4._1“'_ . b - ]

YT ‘ - ) ) L
Vi ;

CIN) . f

S A i oy A ‘ g o : 4

A S B e S e A T e A S e N RO IR I T mm N S ot i 'm' T il v



) . * : a .. - ) y - . P .t '
. . g g o 2 . Ay . .- L. . . a K
TR A AR P I R R N R N AR T Sib erp B AT T e ot e e SR ok e st B b R ey YRR
- kY W AP TR T A ,\,-,-._-,,1,_ Ry APPS i il SR R A ) bR e flales e "
- A— —— AR i SR N SN G L oL 4 R
. ¥ ] AN - St e : y " -y

il .
f I
4 o kY
A : s
e : : 7
gt 3
T o, B ﬁ -
N
i !
.2 ST . i
. !
th
ol L T
: .|'Vl -1 \{ ,'I T n

gl - Bighway Fuel FHomomy Tesg < UL il

. 'Nle HEET results for the’Aspen and Tupals'srd summarised i Tables It
. cund IV, vespectiyely., They are dlso presénted in Figures 6 thivough 9e: .
<« The fesultd of the statistical andlysie are shoun i Table'W, = " U

The Ageit fasults indicated that the Fuel¥pander had-d ‘elgnifioant

affect 'oif WFET, HC, CO, and NOx emissions. ‘The HC effect wus algni- ' .

- f4cant d¥ the 99% level add the increases ranged from 41X to 74%i The
'O dncreasédas. significant at the 902 level and ranged fyrom a 127% to &
270% 4ncredsa,:. The NOx levels decredsed due ty' the Fuél¥pander at d.95%
: gnifidince: level 'and the changes ranged from an 11X increase to'a 35%
A ' '

g_f_geaée'f‘f:\_:_: | .
\l Tﬁé"{’.ﬁuﬂxi»éﬁder did not have a significant ‘e.;t\_)faet on HFET fuel econoty Y
i £52 the Aspen. - The Fuel¥pander wac' found nol to have any significant ..

effect on any of. fthg___;gagu;ated;,aﬁiis'aions or fuel economy for the Impala.

Ky

kXY
;3o fay
L
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" . COYBINED EFFEGT OF FUELXPANDER AND TEMPERATU (B
. 'Pefebal.Tedt Procedurs = Combined Effduts
; " a ) ! B R DA L\ ) " .

“the;. goubined effect of a change in bient .temﬁa_:ature and the affect of

- thzfj"f"élxlsander {s shown in Table Vi, The kable shows the percent
: ,ch_a‘ngaiﬁ_,}f in value resulting from a change in ablent temperature. The
"‘gombj.ifé‘ii';,effeet can be Been by comparing the percent effect ambient
tedipaga¥ive changes had for each of the two coifigurations within each

1 N .

© of thditws A/ test conditions.’ :

. When uding the FuelXpander, the Aspen HC and CO :levels tended to show

.. yreatef inoreases. than the baseline vehiole as the umblent temperature
‘inoressed. “Bor. tis Puelfpander, NOx levels appeared to' show either a
snaller redudiidn iy Mo change at the highei temperature, Fuel economy !
tended to inerlase with tempatature in the baseline condition slightly

‘more. than with the Fielkpander.

. it , - .
Witk the Fuelfpdiider the HO levels for the Impala tended tv show greater
_decpuases than 'tie baseline vehiele as the ambient temperature in=
"ereaged. The CO level changes and fuel economy changes with temperature
. d4d not show a clear pattetn. Uhen in the baseline.configuration, the
=+ NOg levals tended to indrease move as the amblent temperature increased,

t

| Jm.ghgaz Pucl Boonony Test i Combined Effeet . . .

" Por the Aspen the incredse in amblent temperature causes a greatey
 inqrease in HO emissions with the Fuellpander. ‘Blightly lower 00 emige
. sioh increases with high ambient temperature wera found when the Fuelw /
~ ‘Xpdider was useds. | The effect of the FuelXpander on NOx levels and fuel

economy as the ambient tetiperature varied did not show 4 trend, R
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‘Foel ‘economy appeared to be unaffected,

5 '-‘_"Evagoratmall!m:l.saion Tegt « Combined Effect

ic.onclus ions

-~‘H

“,Tha combined affect of the FuelXpander an& temparatufa on tha Impala did_l
- not ‘Hava 4 consistent effect on the HC, coL and NOx emission levels.’

Table VI. . P 3

. Fot both -vehicles the increase in ambient tdmperature tended to show a
‘smaller increase in evaporative emissions with the FuelXpanoar. - These

";’ T

resuits are aleo given in Table VI.

"ficantly with the use of the FuelXpander.

-=“‘ NOx and fuel aconomy levels 'for tha Agpen were not significantly
affeeted by -the Fuelxpandar during the FIP-cycle. ,

- ' HC levels for the ‘Tmpala were aignifinantiy 1n¢faased by uaing the
-Fualxpandér on the FIP eyele. .

aff.acted by the FuelXpander.

=  The FuelXpander did, not affect the avapofattve enieaion results.

- The Puel¥pander significantly inoreased HC and 00 levels while it

~decreased NOx levels for the Aspen during the HFET eyele.

‘Thesa results are shown in -

- _Aspan HC and €O emiaaian levals for the FIP cyaie inereased siguis

'« €0, NOx, and fuel economy for the,tmpaia on the FIP eycle were not

-  The regulated emissions for the Impala were not aignificantly

a££A¢ted by the FuelXpander over the HFET cycles

) lavela for Aspen and Impala over the HFET cycles

.= For the FIP oycie. relative to baseline, use of tha FuelXpander on

the Aspen caused a greater increase in HC and €0 emissions, fo

- Tha- Fuelxpander did ot significantly ‘affect’ the £ue1 economy

change in NOx emisadens, and 4 swaller 1ncraaae in fuel aeonumy ag

the atmbient temparature 1ncreaaed.}‘ wp

- Foy the FIP cycle. relative to baﬁelina. use of the Fuaixpander on
th Inpula caused preatdr decrease in HO levels, a greater increase .

in NOz levels, and no pattern of change for the CO and fuel economy
levels as the atbient tehperatufe incraased,

w Use of the Fualxpanﬂaﬁl appaarad to cause smailey {noveases in

evaporative emtesiuns for both vehtclea ag’ the aﬁbtent tempevature

1ncreaaed.

v
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- w " For the HFET cycle, rélative to baseline, use of the FuelXpandeg on. = .
L ,thq;Aspéﬁ;uaqggd“gfegtag;ﬂcfiﬂeregées,,smallegnco increases, and no
- " pattarn vegarding NOX and Puel economy levels as the amblené tems . .
perature indreased. R S C oo 0 - v

i

=  For theHFET cyclie, relative to baseline, use of the FualXpander on
. the Impala caused no apparent pattern of clange for HC, CO and NOx
.y, and had.no effeat on fuel economy as the ambicdt temperature ine.

areaged, .
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Aspén Station Wagon TP f;‘m:l.ssiana
S grams ber wile i

/i |
Test Copdition B 6o 062: NOx
Baseline fyno A/C P 94 6,45 515 2,80
: FuelXpandef Eynu—Alc hp 1.08 6.70 492  2.46
© Baseline A/Con ' 1.06 8.23 539 3.0

11.50 514 3.04
84477 495 2.3

FuelXpander A/C on L2
Baseline Dirno A/C hp

Fuel¥pander Dyno A/C h§ A3 9,60 469 2.33
Baseline A/Con - || 1.02 8.27 523 2,98
. FuelXpander A/C on L4 116,20 514 - 2,91
Table II
. Impala FIP Hndaedons
.+, 7. graus perApila
Test Condibdon HC 00 €0, Nox
Baseline Dyno A/C hp 5L 10,27 644 1.96
FuelXpander Dyho Alc hp .62 15,00 635 1.75
Baseline A/C on' B2 11,48 683 9.33
FuelXpander A/C on 62 17.10 696 2.34
‘Baseline Dywo A/C hp 45 7,48 627 1,99
FnelXpardeﬁ’Dyno AIO hp 049 11,30 625 1,57
Baseldne A8 on 56 13,41 722 2,67
l?uelXpaudet /G on 56 12,40 700 2,53

HPe
16.9

1735

16.0

16,6

:i18.3
18.2

16,5
16,3 .

MPG
13.4

134
12.6 -
12,2

'1309
13.8

11.9

12,3

Evaporative*

5,90
5.86

.3.90
5.08

7.55
7.07

10,43
':9029

Evaporative

R
5,88

5.74.
5,37

7.33
6.69

7,02
515
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v
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" Average Test |
| Tbmpatature F

71.6
71.9

70.5
70.9

83.%
84,2 |

84.6
84.4

\
1 .
il b

Average Test

‘Temperature °F

73.0
75.5

73.6
75.6

85.6
84.7

- 88.7
85,8
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Aspen Station Whgon HFET Emissions.

~grams per nile

Basline Dyno A/C by W22 43
FuelXpander Dyno A/C hp = .31 1.39 -
Baseline A/C on - 26 1,23

- PuelXpander A/C on 38 3.86
Basaline Dyno A/C hp .31 2.56
Fﬂélxpﬂﬂdef Dyﬂb AIC hp W54 8.23

. Baseline A/C on ’ 40 7,09
FuelXpander A/C on: +67 16,10

Table IV

Impala HFET Emissions
~ grams per mile

Test E:ond:l.tian HC €O

Baseline Dyno Alc hp +06 .80
. PuelXparder Dyno A/C hp .07 1.68
Baseline A/Con _!' 07  1.13
FuelXpander A/C on w09 3,31
Baseline Dyno A/C hp 07 2,43
FuelXpander Dyno Alc hp W20 7,02
Baseline A/C Oﬂ , 13 9,48
PaelXpander A/C on o0 4,89

-T@si CGndition 5 | - HC co. .

398
399

416
407

388
376

403
395

co
477

- 480

527
513

481
475

539

527

B T R LT Fop
;

ﬁﬁ;',

2,01
2,87

3,17
2.73
2.51
1,62
2.38
2,16

NOx

2.75
2.49

3. 44

3. 20

2,60
1.87

3,13
3.18

MPG
22,2

. 22,0

21.2
21,4

22.5
22.%

21.4
21.0

MPe

18.5

1844

16,8
1?01 '

'18.3

- '16.0

18.3

16.6 -
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e - ©
As éﬂ_ﬁrqj ';.
: 15% S8.L. 4% 99%
= 187 992 40%. -95% .
E 43% " 8.L. 101% 8.L.
e 412 96%
=- ‘-A‘.{ ! .
- , Lmpala w FIP
= . Low 'ﬁﬁnb 22% : &62 8.L,
Low Dysio 192 - 49%  90%
=3 High Dyno . 9% " 51X 8.L.
bBigh  On 0% -8%
| . 7 Aspen = HFET T
“Low. Dyso - - 41% 8L, 2702 S.L:
Low . On 58% 992 214% 90%
High On ‘68% - 127%
” - Impala i
Low Dyno 17% 110%
Low - On 29% 193%
High  Dyno 43% 189% #»
| High On ~33% ~48%
- of change.
1 8 L, = Significance Levél _
* 4 1nd1eatas incredses = 1ud1cates decrease.
o 1ndicates not 913n1f1eant at 902 ednfidenee level,
Notas
] the valuau gtven 1n Tablel B thfough IV,
|é - - i

e

Thbie v :

Ehange ?rom.Baseline Due to PuelXpander

. Expressed in % at Stated Significance Level (1)

R

-12%

¥
-1k
=2y

e11%
-21% ko

5%

=12 B.L.

- =148 95%

“35:178¢L.
11%-

~9%

<288 wn

2%

4%

4%
-1%
-1%

Mo
0%

=32
-12

C 3

=12

12
1%

«2%

-l

2%
0%

4z

ueG

**ﬂ,--' 
s «}1%

k-

86%
aﬁz

- w2?%

(1) 91gn1£1cant Level from Analyais of Vhriance Procedure and Direction

The stgnificauce level should ﬂot be confused with changes of absolute’ valuee : ‘f
but are an indication of the statistical significince of the changas 1n

t e s— q_a.hgwy_u‘_;._.,__-.r\; ._.)_.a_.'-*
5 - .
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S 7 mablevr. |
Percent Change fiom Low Temperature to High Temperatute

) Test Condition | gg [} | §Q§ -. __pgg S Eirﬂg'
Confipuration  A/C . Aspen < FTR |
Bageline ~  Dyno 0%  =26% 162 6% 28%
FuelXpander . Dyno 24% 43% =52 4% 21%
Baseline on i 0% «47, 3% 167%
PuelXpander on 15% 41% =42 =22 834
| | . lmpals - PR
 Baseline Dyno =128  =27% 22 4% 136%
FuelXpander Dyno =21% = «25% =107 3% S X
Baseldne on 8%  17% . 15% © -6% - 22%
FualXpander on =102  =27% 8% 1% 4%
| Aspen = HFET
" Baseline Dyno  41% . 495%  =14% 1%
L FuelXpander byno = 74% 4187 447 3%
i Baseline On 67%  476% -25% 1%
FualXpander On 76% 317% «21% w2

Impala = MFET

Baseline - Dyno 17% 204% 5% wl?
FuelXpander Dyno 43% 318% - =25% =l
Baseline On 1142 739% =9% 5%
FuelXpander On 11% 48% =17 =3%
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T T Analyais of Varianca

i ;Eﬁaﬂplé! Aspeti -HC for FIR.

. Groups A/C e Alc on | T@%}‘
Rows Low 'l‘emp. - B&QE 00 94 006 I. 4 3’3 '.
X Low“Temp. - Fuel¥pander 1.08 R 7Y . e
_ High Tewp, Base o tie2 A
High Tewp. Fuelfpander 1,34 1.4 = 70
TC = 4 30 : 4-77

| 2 o 0008 = 08
88 (total) » X% « 1%/N = 10.53 = 10,28 = O, 25
880 = 5Te?/nrg ~ T2/N =110,31 - 10,28 0,03

© 88r = £Te?/neg - 12/N = 10,30 ~ 10,28 = 0,02
588 = 2782 /are ~ 12/N = 10,45 « 10,28 = 0, 17

-1

YN

88 (residual) s 8§ (tdtal) = 88 (all othera) “ 0.25 “ 0,22 « 0.03

w8 (tuﬁal‘ehtriea)

‘Where: N
ne ) (# of replications)
¢ w2 (#of columms)
) re2 (# of rous)
) g =2 (# of groups)
i\

)
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DR ST gunmary of Mean Square Ratlos .. = . \ R
o PP - Aspen . B " Fuel¥pander) .~ .
i 0y, o : J T ;".f‘.".'“""“&—l',-‘ al o . . : : _ v 3 AR ‘r' y
Py gt - R YN A .
S o SN ! 77,86 N
R - NOx e L L l 2,35 R
, MPG o . T . 0.54 e
, omvap. SRR oo |
7 tupata o S C
i HG - l_ o bt :"l\: C 0.18 | . .- . - .
o | /O . 5,83 o
- NOx - o280 -
o wee - N . o000 - L
" ' BEvap, o L , © 0,00 ' W
. WEEtedspen Lo
| e o . 28,00 |
mG ' » S Yo Wl 0.13:
iy A
o Impala . - T
HE | | 0,00
co - | | 0,20
e - .19
: : o : ' ' ‘. i;:. i
,‘: : ' 3 | . ) - ‘E L : .
id ) - - R , - I“g ) ' :‘} o
| o T A ‘ 7 ' 7 ‘ 7 — - 7
A.l.l. . 1‘ l . ! 7 : ‘i-}‘:

i3 oA AR




v g

. T
' RV
. PR s
:" weld
. R -
- C e \ -325; ' 1 E‘IH’ .
= 3t * - . Lok _
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e Ul e s )

. o (ﬁSR)
s  »f  ss/pe MBS (restd)

A/C = column 0,03 =151 0.03 | 4,00
Teﬁlp = TOW 0,02 f=]l=l 0.02 . 2.67
) ~  FX = group 0.17 gel=l 0.17 . 22,67
P ~Residual 0,03 7324 000 - L
S - Total 0,25 N-1=7 _

A

SR . F distribueion (Df=1/Df=4) "

4 : g0z 95y 97,5% 59%
B ' ] . 4&54 7571 1202 - 21-2

Compare MS/MS (resid) to ? distribution -
the difference is significant . & the
caleulated valie is greater than the

table value.

S
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BRI | Emission control system - catalytic reactor, exhaust gas recycle

T

| TEST VENICLE DESCRIPTION : 1.
Chassis model year/mske = 1976 Dodge Aspen’ Wagon i
= ”

. *ftype.‘
bore x stroke
djbplasement
eﬁmpression ratio
maximunm power @ tpm
fuel metering .
fuel requirement
- Brive Train -

transmidsion type
final drive ratio

_;Chaaais

type -

tive size -

curb weight
inertia weight
passenger capacity
Enission Control Bystein
basic type

4
~

Otto spark, inline, 6 cylinder, OHV O
3.40 % 4,13 in/86.4 % 104.9 mm LY
2,25 CID/3687 cc . g
B 4'1 : | |
1l catburetor, 1 Veuturi
Unledded, 91 Octane, tested uith
Indolene unleaded ,

Autematic 3 epeed IR o -3f?1:

separate bodylframa, front engine. rear drive _
FR 78 x 14 .,
3815 1b - , . o B .

4000 1b S ;
6 R . ' . ) .
catalytic reactor, exhuust gas recireulation .




w2l

| TEST VEHICLE DESCHIPTION
Chassis model year/make - 1976 Ghevrolet‘

Impala -
- ' Fmiasion eonnrol sytem - catalytic redctor, exhaust gas fecirculation
- type . Otto ﬁpark, V-8, OBV -
bore x stroke o o 4.00 x 3.48 4n/101.6 = 88.4 -
digplacement . . 350 CID15735 ce
compressicn ratio i . 8451
maximum power @ rpm ’ | 145 HP/108 kw . -
fuel metering = . 1 carburetor, 2 Venturdi :
fuel requirement o - unleaded, 91 octane tested with
) | o | Indolene unleaded
Drive Train )
_1tran9mission typa . Automatic 3aspeed
,final deive ratio _ o 2,73:1
3 sis | |
fﬁ. | ,type : o | o : Saparate frama/body, front engina, rear drive
= . - tirve size o .. HR 78 x 15
= : - curb weight RS 4266 1bs
2 - inervtia weight * 4500 1bs
L passenger capacity 6

Emission Control System

basic.type' Catalytic reactor, exhaust gas recireulation




gasoline left in a container in the
sun. It expands and overflows. The
Fuel Expander is our method of

" coutrolled expansion giving you

- summer conditions all year long.
With its benefits of added Ecanomy,
‘Safety and Performance and its
*maintenance-free  operation, this
becomes the ideal retrofit device.
Ecjoy it u.na\ﬁwm it. with you for
meﬁﬁmnﬁdwn ,,

unqwmam system mast be aﬁa«.&a&
. to allow proper Sm_.uag of the
S - Fael mgam.

. the fusl prior to entry into the car- -

.,Eﬁgosoem@mﬂqﬁmnsﬂa
_aﬁmﬂnﬁ? : X

.. after repeated panic stops.

|
- soguammgaa effoct of ﬂ
| HSEIENEE NSNS

| E&Sﬂﬁ?ﬂlﬁpﬂ e .ﬁow | B
425

DRIVING
| Eéa f

The Fuel Expander, by Hud.vsgm
buretor, allows for-a better air-fuel

-
ok,

Hﬁamuonwsﬂﬁ%saﬂuo?ﬁ
kY and more equal distribution does
. away - with. the EBEE fhat is
1 ' experienced on the late-model cars. -

Also, the automobile will not mﬂE

PERFORMANCE

. _Hawﬁmgﬂga_mwmﬁmn&um, _w
* ' immediate. Car seems to just glide -

. along. The superior fuel atomization
. and equal cylinder distribotion allows

- Your Fuel Expander is guarantead
1o be free of defacis for a paviod of
one {1) ysar from date of purchase.
Any unit found defective will be
seplaced fres of charge. |

for the elimination of sarging, gives
smoother pickup and longer spatk
plog life.
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A method Qﬂm—g?&g

to introduction to ‘the carburetor
. giving summer conditions every .-
. ¢ - seasonoftheyesr. -

. bmgm_.mwagaaﬁnwg.
the fuel expander is maintenance

"7 .7 free®, The FuelXpander is con- -

structed from copper and beass. 1t

. should mngamﬁoﬁﬁm—.monﬁsnmuﬂ -

: gumuanoaus? .

;heash system must wn Jnaintained

2. allow proper ag ﬁn Houu

?& muungm_.

'
[ESRLE R SR P e e P v

naoze.n #

. ‘This amssmwaauuaqsm mgmﬂ.
. plug life, longer intervals between

tune-ups because of better vaporiza-
tion and more equal Emﬂgmﬁ of

‘fuel to each .cylinder. In most
vehicles, gas mileage will improve. |
_ﬂwggﬁﬁmggg

“7 the wehicle, and” “when a car is
. { - -running better, it should .give detter

‘ y . [ ’ ,“.'

..mwmw...w is Fﬂmwm& as most

‘surges- and ‘stalling is eliminated,

= .gven in repeated panic stops. -

Hﬁmﬁﬁﬂcﬁu@sﬂag
acceleration, Sumu e_.a touches the
ns " disappear.

Lo ﬁo—ﬂ&bﬁggo@mﬂﬁ.ﬂmﬁ

%%gnmssmﬂm&g@ﬂm

R e

Aaa-ﬂe&miluuﬁ%
noe-&u-n.%?na&ona.
one {1} ysar from date of purchase.
Any wunit found defective will be

| - replaced free of charge.

.I.h...m......k..
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