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ABSTRACT· 

A prototype sonic, variable-venturi automotive carburetor, developed by 
Micro Carburetor Corporation, has been evaluated for its effects on vehicle 
performance, fuel economy, and exhaust emissions. A 350 CID Chevrolet Impala 
vehicle was tested on a chassis dynamometer over the 1975 Federal Test Pro­
cedure, urban driving cycle. The Micro-carburetor was tested and compared 
with stock and modified-stock engine configurations. Subsequently,the test 
vehicle's performance characteristics were examined with the stock carburetor 
and again with the Micro-carburetor in a series of on-road driveability tests. 
The test engine was then removed from the vehicle and installed on an engine 
dynamometer. Engine tests were conducted to compare the fuel economy, thermal 
efficiency, and cylinder-to-cylinder mixture distribution of the Micro-carburetor 
to that of the stock configuration. 

Test results show increases in thermal efficiency and improvements in fuel 
economy at all test c.onditions. The Micro-carburetor fuel economy improve'ment 
ranged from 9.7% (cold-start FTP, equal spark advance) to 18.1% (hot-start FTP, 
equal spark advance). Cylinder-to-cylinder mixture distribution improvements 
were observed. Potential reductions in exhaust emissions are also indicated. 

Improved fuel/alt mixture preparation is implied from the information pre­
sented. Further improvements in fuel economy and exhaust emissions are possible 
through a detailed reealibration of the Micro-carburetor. 
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ACRONYMS AND ABBREVIATIONS 

AFR Air/Fuel Ratio (lbm air)/(lbm fuel) 

BDC Bottom Dead Center Piston Position 

bhp Brake Horsepower 

bmep Brake Mean Effective Pressure (psi) 

bsfc Brake Specific Fuel Consumption (lbm/bhp-hr) 

CO Carbon Monoxide Exhaust Emissions ' 

EFE Early Fuel Evaporation 

EPA U. S. Environmental Protection Agency 

EGR Exhaust Gas Recirculation 

fhp Friction Horsepower 

FTP 1975 Federal Test Procedure, Urban Driving Cycle (EPA Handated for 
Emissions Certification of New Cars) 

HC Unburned Hydrocarbon Exhaust Emissions 

lbm Pounds Mass 

NDx Oxides of Nitrogen 

PCV Positive Crankcase Ventilation 

rpm Revolutions per Minute 

TDC Top Dead Center Piston Position 

WOT Wi riP Opt>11 'J:'h_rot th 

~ Equivalence Ratio, ~ = (AFRstoich)/(AFRactual) 

"1t Thermal Efficiency (see Appendix D) 

~v Volumetric Efficiency (see Appendix E) 
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SECTION I 

INTRODUCTION 

The Micro Carburetor Corporation, located in Buffalo, New York, has devel­
oped a prototype automotive carburetor intended for use on existing automobile 
engines. The carburetor features a special "air valve," designed to finely 
atomize the fuel flow into the engine. The t1icro-carburetor delivers a lean 
and near homogeneous air-fuel mixture in order to improve fuel economy. 

The Jet Propulsion Laboratory was requested to evaluate the ~1icro-carburetor 
prototype for the Vehicle Peformance Branch of the Transportation Systems Utili­
zation Division, Office of Transportation Programs, in the U. s. Department of 
Energy. The objective of the task was to perform an independent technical · 
assessment of the Micro-carburetor system with controlled laboratory tests. Data 
were gathered with both the stock Rochester carburetor and the Micro-carburetor 
on engine performance, exhaust emissions, and fuel economy. A Chevrolet vehicle 
was equipped with each carburetor and operated over the 1975 Federal Test Pro­
cedure (FTP), urban driving cycle. The driving performance of the vehicle was 
then evaluated with each carburetor. The testing was performed as indicated 
on the milestone chart in Figure 1-1. 

1980 1981 

DESCRIPTION 0 N D J F M A M J J A s 

MICRO-CARBURETOR 

1. CHASSIS DYNAMOMETER TESTING····· ..... ...... ..... ..... 
2. ENGINE DYNAMOMETER TESTING···· ..... . ..... ............ . ... 

~--·· 2 
3. INTERIM REPORTS (INFORMAL)·········· ..... ...... ..... . ..... ··A 

D F 
4. REPORT ••••••••••••••••••••••••••••••••••••••••• ...... ..... ...... ..... ······ ...... ..... ...... ·- ~"e•• .... 

ACTUAL COMPLETION DATE .6. D: DRAFT F: FINAL 

Figure 1-1. Milestone Chart 
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SECTION II 

DESCRIPTION OF THE MICRO-CARBURETOR 

A. BACKGROUND 

The Micro-carburetor prototype tested by JPL is a single~barrel, sonic, 
variable-venturi carburetor (see Figure 2-1). Variable or slide-venturi 
carburetors are commonplace on motorcycle engines and have been used success­
fully in many production cars. Carburetors such as the SU and the Motorcraft 
VV share the same simplicity of basic operation despite being considerably 
different in construction. The Micro-carburetor does not use a conventional 
throttle plate. The minimun throat area of the metering venturi is varied to 
meter air to the engine. A special feature of the Micro-carburetor is the 
venturi throat, which is designed to permit the incoming air to reach sonic 
velocity (Ref. 1). The shock wave generated by this critical velocity is then 
used to finely atomize the incoming fuel spray. Therefore, the potential 
advantage of the Micro-carburetor would be its ability to create ultra-fine 
fuel particles that would distribute more evenly between the cylinders of the 
engine and thus allow the engine to operate leaner than stock. The following 
are potential benefits that may be gained over standard carburetion: 

(1) Fuel savings due to the elimination of overfueling some cylinders 
in order to supply sufficient fuel to other leaner cylinders. 

(2) Fuel savings resulting from an increase in thermal efficiency. 

(3) Reduction in CO production from the suppression of overfueling. 

(4) Reduction in unburned HC emissions stemming from a potential 
decrease in chamber wall wetting. The finer fuel particles should 
vaporize more easily. 

(5) Reduction of NOx production due to more uniform control of 
combustion temperatures throughout the engine. 

B. DESIGN AND OPERATION 

The carburetor throat shown in Figure 2~1 is the smallest annulus formed 
between the air valve and the carburetor main body. An upward axial motion of 
the valve "opens the throttle" for increased air flow. According to the 
Micro Carburetor Corporation (Ref. 1), sonic flow is achieved across the con­
verg"ing-diverging contour of the air valve throat with intake manifold vacuum 
above 6. 5 inches of Hg. Fuel is delivered through small holes in the car.­
buretor throat. Once issued, the tiny fuel streams are broken up by the 
sonic shock wave in the venturi and the fuel particles become entrained in the 
air flow. The flow then diverges and decelerates in the secondary diffuser 
section. 
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Figure 2-1. Micro-Carburetor Air Inlet Path Geometry 

At idle, the local venturi vacuum is insufficient to draw fuel from the 
main fueling system. For this reason, an idle system is provided (Ref. 1) as 
shown schematically in Figure 2-2. The figure depicts fuel that is drawn by 
vacuum from the bowl (4) and metered in the :i.dle feed restriction (5). Here 
fuel is entrained in metered air from the primary idle air bleed (3). The 
mixture becomes further atomized in the "down channel" (8) due to its inter­
action with thP. airstream from the secondAry idle alL Lleed (2). The mixturQ 
volume is adjusted with a standard needle-valve type mixture screw (6). Aflef 
delivery from the idle discharge port (7), the mixture is blown off of the 
diffuser wall and into the airstream by an idle-air bypass system (1_,9,10). 
The bypass air is metered through an orifice (1) and delivered through the 
bypass port (9) just above the idle discharge port. This type of idle air 
bypass system has also been used successfully in carbureturs with throttle 
plates to improve idle fuel atomization under adverse conditions. The Micro­
carburetor has two complet.e idle circuits, one on each side of the diffuser 
base. 
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Figure 2-2. Micro-Carburetor Idle Circuit 
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Another unusual feature of the Micro-carburetor is the rotary choke system 
shown in Figure 2-3. The choke consists of two slotted concentric rings whose ' 
slots line up when in the "choke open" position. The inner choke ring is ro­
tated against the fixed outer ring to align the desired amount of slot opening. 
Control of the inner ring is accomplished with a standard choke-heater device. 
The heater warms a bimetallic ·spring ~hat uncoils at a calibrated torque per 
unit temperature change. This torque controls the inner choke ring rotation. 

The choke ring motion is modulated by a "vacuum pull. down" or "vacuum-break" 
system, shown in Figure 2-4. This system is simply a vacuum-powered dashpot in 
series with an extension spring. Immediately after startup, when ultra-rich 
cranking mixtures are no longer required, the vacuum-break system partially 
opens the choke to a set position. The choke position.will modulate about this 
setting until the choke heater commands a greater choke aperture area. Many 
of the parts used for construction of the vacuum-break and choke-heater systems 
n-re parts taken from commonly-used carbu:rt-!t·ors. 

The fast-idle system, shown in Figure 2-5, works in coniunctinn with th~ 
choke control to arljtJs;t the pn.'3it:luu of the air valve with engine temperature. 
Fast-idle is accomplished by lifting the air valve a varying amount according 
to the choke temperatt.tre. The choke temperature controls the position of the · 
fast-idle cam, against which the idle-speed screw rests. This cam rotates to 
the top step when the engine is cold. As the engine warms, the cam rotates 
toward the bottom step. When the engine is fully warmed, curb idle may be set 
with the idle-speed screw against the bottom step of the fast idle cam. 

As in most other carburetors, the Micro-carburetor has an accelerator pump 
circuit. The accelerator pump issues a soliu fuel stream as the throttle is 
opened. This is done to provi.de fllel during the ruedtanical lag-time between 
the throttle command and the a~.tual fuel delivel'y from the main fueling system. 
The fuel stream is metered by a commonly-used positive displacement diaphragm 
pump, shown in Figure 2-6. The accelerator pump is easily calibrated for pump 
shot volume and duration. The pump delivery may even be set in a nonlinear 
fashion by modifying the accelerator pump-cam profiles. Shown in Figure 2-7, 
this pump cam follows the throttle motion mechanically. 

The float bowl and needle valve assembly are used to gather. and maintain a 
fuel reservoir. This reservoir serves the supply and driving pressure head 
functions of the carburetor. The entire bowl assembly was taken from another 
well-known carburetor and simply grafted to the Micro-carburetor prototype. 

Most carburetors provide a spark-advanr.e ~tratcgy of Lhe manufacturer's 
option. Th~ spark~advance strategy for the Micro-carburetor involvec direct 
manifold vacuum to the distributor vacuum advance. The baseline Rochester, on 
the other hand, has a ported spark system consisting of a vacuum tap located in 
the lower venturi section, just above the throttle plate at idle. No vacuum 
signal is available from the Rochester carburetor to the vacuum spark advance 
until off-idle, when the throttle plate sweeps past the vacuum port. The effects 
of the differences in spark-advance· systems were isolated during the test 
procedure. 
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Figure 2-3. Micro-Carburetor Rotary Choke System 
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Fig·.ue 2-4. Micro-Carburetor Rotary Choke Sys-:em - Vacuum Break System 



Figure 2-5. MiLro-Carbureto~ Rotary Choke System- Fast Idle Cam 
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F'igure 2-6. Micro-Carburetor Accelerator ?ump. Diaphragm Assembly 
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Figure 2-7. Micro-Carburetor Accelerator Pump Cam 



For operation at higher loads, the carburetor has an enrichment device 
called a power valve. This is a vacuum-operated valve which permits a step-like 
enrichment when preset vacuum levels are reached by the engine. In the Micro­
carburetor, a two-step valve is used in which enrichment steps are provided at 
6 and 12 inches of Hg manifold vacuum. The power valve is used during acceler­
ation to maintain fuel enrichment beyond the short duration of the accelerator 
pump. 

C. INSTALLATION PROCEDURE 

The Micro-carburetor prototype tested by JPL is designed as a retro-fit 
item for the Chevrolet 350 CID-2V engine. It is well suited for installation 
by the home mechanic. The procedure for removing the original Rochester 
carburetor and replacing it with the Micro-carburetor is detailed below: 

(1) 

(2) 

(3) 
(4) 
(5) 

(6) 
(7) 

(8) 

(9) 

(10) 

(11) 

(12) 
(13) 

(14) 

Remove the air cleaner and disconnect the hoses to the PCV and thermal 
sensor. 
Disconnect the hoses from the carburetor, including EGR, ported 
spark, cannister purge, and EFE lines. 
Disconnect and temporarily cap the fuel line to prevent ~pllla~~· 
Disconnect the throttle linkage and its return spring. 
Disconnect the choke heater wire and unbolt the Rochester carburetor. 
R~H'n)Vt: the stock carburetor and the flange g<~ skPt. 
Carefully clean the intake manifold flange. 
Place the Micro-carburetor and its flange gasket on the manifold. 
Install the flange bolts and tighten evenly with the special Allen 
wrench supplied. 
Connect the throttle linkage and return spring. Operate linkage 
from driver's seat to check for correct alignment. 
Reconnect the vacuum lines to the appropriately-marked nipples on the 
Micro-carburetor. 
Replace the original fuel line with the one supplied. Bleed and 
reconnect the fuel line. 
Reconnect choke heater wire. If none was supplied in the vehicle, 
connect the new Micro-carburetor choke heater wire from Lhe dl~Lliuulu( 
input(l2 V) to thP rhokP hP~tP.r element. 
Start engine and check for fuel or vacuum leaks. 
Install the Micro-carburetor air cleaner with the base flange gasket 
supplied. 
Reconnect the appropriate hoses to the air cleat~r. 
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SECTION III 

ENGINE DYNAMOt1ETER TESTS 

A. ENGINE DYNAMOMETER TESTING 

Engine dynamometer tests were conducted to compare steady-state performance 
of the Micro-carburetor to that of a stock baseline carburetor. The objective 
of the tests was to determine the effects of Micro-carburetor operation on brake 
specific fuel consumption, thermal efficiency, exhaust emissions, and cylinder­
to-cylinder mixture distribution. The steady-state speed/load conditions of 
the test series are given in Figure 3-1. These points were selected because 
they represent conditions which frequently appear for the chosen vehicle while 
performing the Federal Test Procedure (FTP), urban driving cycle, that is man­
dated for all new vehicles by the EPA. 

A Chevrolet 350-2V engine was used for testing. As one of the most common 
engines in America, this V8 engine was chosen as an appropriate test bed for a 
potential aftermarket carburetor. Before it was tested, the operating condition 
of the engine was completely checked. Authenticity to the 1975 49-state con­
figuration was confirmed. All major engine parts were rechecked against manu­
facturer's blueprint tolerances. When the engine was re-assembled, special care 
was taken 'to ensure the originality of all emissions-control devices. The sig­
nificant emissions devices include; (1) exhaust gas recirculation (EGR), (2) 
positive crankcase ventilation (PCV), (3) an oxidation catalyst, and (4) early 
fuel evaporation (EFE) which is a temperature-sensitive vacuum switch operating 
a heat-riser valve. The fuel-vapor recovery system, which collects evaporated 
fuel from the carburetor float bowl, was not used because the prototype Micro­
carburetor had no external bowl vent. 

The stock Rochester 2 bbl carburetor, used as the baseline, was certified 
by Rochester Products to be representative of those included on the engine as 
original equipment. The baseline carburetor performed adequately throughout 
testing and no adjustments of any kind were required. Similarly, after some 
final adjustments by the Micro Carburetor Corporation, the Micro-carburetor 
also performed well and required no additional corrections. Through the entire 
test sequence, no attempt was made to alter the engine. The carburetors were 
exchanged on the engine, with the vacuum and fuel lines connected to the appro­
priate ports. Fuel to the carburetor was supplied and measured by the JPL 
fuel delivery system, shown in Figure 3-2. Indolene Clear gasoline was provided 
at 6 psig to the carburetor inlet (Ref. 2). 

1t was recognized during the tests that each carburetor provides its own 
spark advance strategy. The Rochester has a ported signal for vacuum spark 
advance that differs from the Micro-carburetor'R nir~ct manifold vacuum spaLk 
advance. For this reason, the Rochester was tested twice - once with its own 
spark advance and once with advance equal to that of the Micro-carburetor. In 
this way, performance differences associated with spark advance could be separ­
ated from other operational differences. 

There were two exhaust systems used (Ref. 2). The stock exhaust manifolds 
and muf flt'r: , shown schematically in Figure 3-3, were used for sampling the 
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common emissions from all eight cylinders. After the aggregate exhaust sampling 
was completed for both carburetors, header-type exhaust manifolds were installed. 
The header-type exhaust manifolds were used to isolate each cylinder's exhaust 
products. Each cylinder's emissions were sampled from individual probes near the 
exhaust ports in the header, as shown in Figure 3-4. Aggregate exhaust samples 
were taken downstream of the header collectors before and after the distribution 
tests to ensure that engine operating conditions had remained stable. This 
sample was taken downstream of the headers after the exhaust products from all 
eight cylinders were well mixed. This was done to provide insight into any 
possible effect of using the headers instead of the stock exhaust manifolds for 
the distribution tests. 

The water brake dynamometer system is shown in Figure 3-5. The dynamometer 
calibration was checked before, during, and after the test sequence and was 
found to be within rated ~ccuracy. The engine is sho~1 on the test stand in 
Figure 3-6. 

B. ENGINE DYNAMOMETER TEST RESULTS 

A series of engine dynamometer tests were conducted to compare the perform­
ance of a 1975 350 CID stock engine equipped with a Rochester carburetor to 
that of the same engine equipped with the Micro-carburetor. Figure 3-7 gives 
the comparative fuel flows at all test points. In most cases, the Micro­
carburetor delivered from 2% to 12.6% less fuel flow at similar speed-load 
points. The Micro-carburetor provided a fuel savings ranging from 3% to 5% 
at moderate loads to over 12% at higher loads and idle. Past idle, the fuel 
savings tended to increase with load, as long as the power enrichment conditions 
were not reached. 

Brake specific fuel consumption (bsfc) levels are given in Figure 3-8. 
The Micro-carburetor provided equal or better bsfc at every test point. At 
point I (2000 rpm/116 ft-lb) the Rochester's mechanical power valve was closed. 
The Micro-carburetor's power vAlVP npened, cauoing the MicLu-catburetor to run 
richer than the baseline. At point I, equal bsfc was achieved despite the 
Micro-carburetor's higher fuel flow. At the other points, bsfc improvements 
ranged from 2.6% to 17%. The largest bsfc improvements occurred at idle and 
high power - 15% and 17%, respectively. At most moderate speeds and loads, the 
~1icro-carburetor yielded bsfc reductions of 2.6% to 6.4%. These bsfc improve­
ments generally increased with higher load. 

The Micro-carburetor tended to increase the thermal efficiency (see 
Appendix D) at every point tested, as shown in Figure 3-9. The largest improve­
ments in the utilization of the fuel's energy occurred at the high-load point J 
(2000 rpm/174 ft-lb) and at the in-gear idle point A (600 rpm/38 ft-lb). Some­
what smaller improvements were present at the mid-load test conditions. Points 
D (1200 rpm/80 ft-lb), E (1600 rpm/58 ft-lb), F (1600 rpm/80 ft-lb), G (1600 
rpm/116 ft-lb), H (2000 rpm/58 ft-lb), and I (2000 rpm/116 ft-lb) gave thermal 
efficiency improvements ranging from 0.4% at point E to 5.9% at point F. 
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Figure 3-5. Water Brake Jynammreter 



Figure 3-6. Engine on Dynamometer Test Stand 
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At point I, the Micro-carburetor power valve was open, and the thermal effi­
ciency reached a test-high value of 35.1%. This was one of the conditions in 
which the Micro-carburetor was richer than the stock Rochester, as shown in 
Table 3-1. Enriched slightly beyond stoichiometric at points G, I, and J, the 
Micro-carburetor demonstrated consistently high thermal efficiencies. 

The low-load points tested were B (1000 rpm/46.4 ft-lb) and C (1200 rpm/ 
58 ft-lb). The thermal efficiencies showed a small improvement at these points, 
as seen in Figure 3-9. At point B, the Micro-carburetor delivered the leanest 
equivalence ratio observed, ~ = 0.813 (see Table 3-1). Here, the aggregate 
mixture was extremely lean when compared to the Rochester's equivalence ratio 
of ~ = 0.975. The thermal efficiencies of the two carburetors at point B show 
near-equal values despite the differences in equivalence ratio. 

The last column in Figure 3-9 indicates that at 3000 rpm, WOT, a thermal 
efficiency improvement of 4.4% was achieved with the Hicro-carburetor. '!'he 
aggregate mixture strength of~= 1.1HO was richer than the baseline Rochester 
at ~= 1.146. The maximum brake horsepower (bhp) of the Micro-carburetor was 

Table J-1. Aggregate Equivalence Ratio Comparison Steady-State 
Engine Tests 

TEST POINT BASELINE MICRO-CARBURETOR DIFFERENCE 

A .905 .826 .079 L 

B .971 .813 .158 L 

c .943 .870 .073 L 

n .928 .843 .085 L 

E .905 .857 .048 L 

F .983 .981 .002 L 

G .996 l.UUtl .012 R 

H .934 .921 .013 L 

I .983 1.025 .042 R 

J 1.199 1. 040 .159 L 

WOT 1.146 1.180 .034 R 
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almost equal to the Rochester, declining slightly from 127.3 to 126.7 bhp. 
The thermal efficiency improvement did not result in more power due to the 
loss in volumetric efficiency (see Appexdix E) (shown in Figure 3-10). At 
3000 rpm, WOT, the Micro-carburetor exhibited a 5.1% loss in its ability to 
fill the cylinders. This reduction in charging efficiency countered the ga i n 
in thermal efficiency, but a bsfc improvement of 3.8% was noted. 

At most other test points, the volumetric efficiency was reduced for the 
Micro-carburetor as a result of increased engine throttling. Because the Micro­
carburetor tended to increase thermal efficiency, more throttling was generally 
required to maintain the speed-load test points. 

Interestingly, at points B, C, D, and E, the volumetric efficiency was high­
er for the Micro-carburetor. At these points the Micro-carburetor was less 
throttled than the Rochester. Thermal efficiency and bsfc improvements were also 
present at these points. This was due to the Micro-carburetor's lean calibration 
in this operating regime. Points B through D had the greatest differences in 
Aqnivalence ratios between the two caruu1. elut ::.. Tabla 3-1 ohmm that the Mi rrn­

carburetor mixture strengths ranged from ¢ = U. tHJ to ¢ = 0. 870 for pulul~> 
B , C , D , and E. 

The results obtained in the cylinder-to-cylinder distribution tests are 
given in Fieures 3-11a-i and 3-12. Figures 3-11a through 3-lli give the equiva­
lence ratio of each cylinder (Ref. 3) and also the excursion from the aggregate 
equivalence ratio. (Distribution tests at idle Wt!l.e uul pet·formcd bccauoc the 
water-brake dynamometer could not provide even enough control at idle loads. 
This minor deficiency in dynamometer control caus~d an avt!tage ~ariance in bhp 
of 1.74% between tests.) Only points Band D showed a degradation of charge 
distribution. All other data points achieved improved mixture distribution 
control (see Figure 3-12). The variance of the cylinder-to-cylinder equivalence 
ratio is given. This is a measure of the amount of t:he cylimler-to·-cylindcr 
equivalence ratio excursion trom the aggregatt! e4uivalence ratio. In most cases 
the distribution improvements were dramatic. For the extremely lean point B, 
the distribution (Figure 3-11a) shows that three ultra-lean excursions occurred 
in cylinders 1, 4, and 7. These cylinders showed measured equivalence ratios 
less than cjl = 0. 790. 

General engine dynamometer test results are located in Appendix B, Tables 
B-1 through B-5. Cylinder-to-cylinder emissions tests results are given in 
Appendix B, Figures B-1 through B-10. 
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SECTION IV 

CHASSIS DYNAMOMETER DRIVING CYCLE T-ESTS 

A. CHASSIS DYNAMOMETER TESTING 

A series of chassis dynamometer tests were performed, conforming to the 1975 
FTP, urban driving cycle. The purpose of the tests was to determine the effects 
of Micro-carburetor operation on vehicle fuel economy and emissions. With the 
test engine installed in a Chevrolet Impala, the urban cycles were performed 
first with the Rochester carburetor and then with the Micro-carburetor. As in 
engine dynamometer tests, all emissions hardware was verified. In addition, a 
new exhaust catalyst was fitted. 

Inertia weights corresponding to a 4000-lb vehicle were set on the Clayton 
twin-roll chassis dynamometer. The vehicle was equipped with a Turbo Hydramatic 
350 automatic transmission, driving a 2.73 rear axle ratio with G78-15 tires and 
power brakes. The power brakes later proved to be a difficulty because the 
Hicro-carburetor had no power-brake vacuum supply fitting. This problem was 
corrected by relocating the brake vacuum line about S-cm lower, into the manifold 
plenum. Subsequent testing showed no measurable differences from the stock 
location used with the Rochester carburetor. 

The vehicle fuel used for chassis dynamometer tests was also Indolene Clear. 
Fuel consumption was measured gravimetrically with a weigh tank and was also 
calculated using the carbon balance technique from the Federal Register (Ref. 4). 
These techniques agreed within 2.5%. 

Exhaust emissions were available in two forms.. The federally-prescribed 
constant volume sample (CVS) collects three diluted bags of exhaust emissions 
during the FTP. In addition, on-line emissions instruments provided real-.time 
recordings of CO, C02, HC, 02, and NOx• All data given are averages of at 
least 3 FTP cycles. 

B. CHASSIS DYNAMOMETER TEST RESULTS 

The chassis dynamometer tests were evaluated on a cold-start and a bot-6tart 
basi[;. That io; the cold-Lransient portion (bag 1) was combined with the warm­
stabilized portion (bag 2) and the hot-transient restart portion (bag 3) to form 
a cold-start FTP. For the hot-start test, only bags 2 and J were considered. 

The urban driving cycle tests with the Rochester carburetor were conducted 
with the ported spark (baseline) and again with direct manifold vacuum spark 
advance. The difference between these two spark advance confi.gurati ons occurcd 
at idle and off-idl~. The onset of full manifold vacuum spark advance was de­
layed until the Rochester's throttle plate swept past the port, thereby subject­
ine the port to intake manifold vacuum. With ported spark advance, there was 
only 6° of spark advance at idle. With the .manifold vacuum advance, there was 
23.3° of advance at idle. The difference between the two configurations rapidly 
disappeared off-idle. 
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The test results given in Table 4-1 show the fuel economy and emissions 
effects of the ~ficro-carburetor compared with the stock Rochester carburetor. A 
13.2% improvement in fu.el economy \lias realized with the Micro-carburetor, along 
with a significant increase in CO and HC emissions. Table 4-2 provides a 
comparison of the Micro-carburetor and the Rochester, both using direct manifold 
vacuum spark advance. With equal spark advances, the fuel economy benefit of 
the Micro-carburetor was 9.7%. The emissions penalties were also reduced. Al­
though all emissions.levels remained within specified legal limits, it is 
not known whether this would still be the. case after 50,000 miles of catalyst 
deterioration. 

Steady-state fuel economy at highway speed was calculated during the ETP 
urban cycles. The high speed cruise portion of bag 3 was utilized for this· 
purpose. A 30 second segment of this cruise, approximately 200 seconds into 
bag 3, was isolated. Here, vehicle speed was consistently 55 mph within 
(0. 4 mph). The baocline RnrhP~ter ran .17. 88 mpg at 55 mpg while the Micro­
carburetor ran 19.20 mpg. This reflects an advantage of 1. Jl mpg or 7 .4)~ for 
the Micro-carburetor at 55 mph. 

It was observed during the FTP urbs.n cycles ll1at an obnorm~.lly high am(mnt 
of exhaust emissions were generated in the cold-start (first bag) portion of the 
Micro-carburetor test. This suggested that a less than optimum choke strategy 
had been adopted. Table 4-3 presents datiil. from the hot-start po·rtion of the 
FTP, bags 2 and 3. This comparison of the Micro-carburetor and the Rochester 
was done for two reasons. The Rochester with ported spark showed consistently 
low emissions levels, which formed an excellent set of emissions baselines. 
Secondly, although the choke was an essential part of the carburetor, the main 
functions of air/fuel metering were divorced from the choke functions. 

Table 4-3 shows a 16.9% increase in fuel economy for the-Micro-carburetor. A 
37.3% decrease in CO emiss·ions was also observed, while NOx remained low and 
HC"nearly doubled. The Rochester carburetor produced 0.363 gm/mi HC- nearly 
half of the already low Micro-carburetor level. It was observed from the strip­
chart rcc.ordi.niS that during the hot-start tests, the Micro-carburetor generated 
a considerable portion of the HC emissions during decelerationc. Th~ i.nr..rease 
in fuel economy and improvement in CO emissions tend to support claims of 
improved mixture preparation for the Micro-carburetor. The decrease in CO 
emissions indicates that some rich cylinders in the engine had become leaner. 
The near-equal NOx production sugge!:lts Lhat o:ombuotion tgmpe-r.aturP.R were not 
hotter than the baseline values. 

The results of hot-start tests with direct manifold vacuum spark advance 
arc shown in Table 4-4. The Micro-carburetor produced a 46.8% reduction in CO 
emissions, while HC and NOx remained nearly equal to the modified-stock con­
figuration. The increased spark advance with the Rochester carburP.tor increased 
its emissions levels somewhat. The Micro-carburetor's emissions represent a 
clear improvement over the Rochester's, based on equal spark advance. The fuel 
economy improv.ement was 18.1% - the largest recorded for the Micro-carburetor. 
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Table 4-1. FTP Cold Start Results: Micro-Carburetor vs Rochester 
with Ported Spark Advance 

I 
I URBAN FTP I HC I co NOx 
I FUEL ECONOMY I gm/mi I gm/mi gm/mi· 
1- mEg I I 

I 
STOCK BASELINE(a) 

I I I 
I I 12.95 . I 0.537 I 5.99 2.40 
I (PORTED .. SPARK ADVANCE) I I I 
I I I I 
I 
I MICRO-CARBURETOR I· 1-· . I I 
I (MANIFOLD SPARK I 14.65 I 1.01 I 10.15 I 2.52 
I ADVANCE) I I I I 
I I I I I 
I 
I % CHANGE, COUPARED I --+13.2% +88.1% I +69.4% +5.0% 
I WITH STOCK .I I 
I :I I 
I 
I EPA STANDARD,. 1975 I N/A 1.5 15.0 '3. 1 
I I 

(a) Chevrolet 4000 lb, 350-2V, 350-TH Auto Transmission, 2.73/1 Drive 
Ratio. 

Table 4-2. FTP Cold Start Results: Micro-Carburetor vs Rochester 
with Direct Manifold Vacuum Spark Advance 

I 
I URBAN FTP I HC I co I NOx 
I FUEL ECONOMY I 

.. 
gm/mi I gm/mi I gm/mi 

I mpg 1- I· I 
I l l l 

STOCK CARBURETOR I. I I I 
WU~ l>t.Al-TIFOT.D SPARK I 13.36 I 0.792 I 6.47 I 2.8u 
ADVANCE I I I I 

I I I I 
.. 

MICRO-CARBURETOR I I I 
(MANIFOLD SPARK 14.65 I 1.01 I 10.15 I 2.52 
ADVANCE) I I I 

I I I 

% CliANGE, COMPARF.D I +9.7% +27.5% I +56.9% -'-9. 9G% 
WITH STOCK .. I I 

I I 

EPA STANDARD, 1975 I N/A 1.5 15.0 3.1 
I 



Table 4-3. FTP Hot Start Results: Micro-Carburetor vs Rochestor 
with Ported Spark Advance 

I 
FUEL ECONOMY HC I co I' NOx I 

mpg gm/mi I gm/mi I gm/mi I 
I I I 

I I 
r STOCK CARBURETOR WITH I' 13.8 0.263 I 1.83 I 2.34 I 
I PORTED SPARK ADVANCE I I I I 
I I' I I I 
I I 
I MICRO-CARBURETOR I I I 
I (MANIFOLD SPARK 16.13 0.483 I 1.15 I 2.54 I 
I ADVANCE) I I' I 
I I I 
I . r -- I 
I % CHANGE, COMPARED +16. 9% +93.9% -37.3% I +5.5% I 
I WITH STOCK I r 
I I I 

Table 4-4. FTP Hot Start Results: Micro-Carburetor vs Rochestor 
wllh Direct 11anifold Vacuum. Sft:~rk Advance 

I 
F'UEL ECONOMY HC r co I ND,c I 

mpg gm/mi I gm/mi I gm/mi I 
I= I I 

I l 
I ROCHESTER CARBURETOR I 13.66 1- 0.464 I 2.i6 I 2.63 I 
I (MANIFOLD SPARK ADVANCE) I I I I I 
I .... J ......... t I 1- I 
I I 
I MICRO-CA.'R'!\TTRF.TOR I I l 
I (MANIFOLD SPARK 16.13 0.483 I l.!S I 2.54 1-

I ADVANCE) I 1- I 

l-- .. r I I 
I 

I % CHANGE, COMPARED +18.1% +4.1% I -46.8% I -3~4% I 
I WITH STOCK L I I 
I r I' I 
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SECTION V 

DRIV·EABILITY TESTING 

Driveability is a dynamic property ·of a vehicle. It is an indication of a 
vehicle's tendency to maintain a steady level of .performance response to throttle 
input commands. The effect of Micro-carburetor operation on vehicle performance 
response was observed under varied conditions. The tests were representative 
of u.s. auto industry driveability tests and were .performed by engineers exper-:­
ienced in driveability testing. After testing the stock Rochester-equipped 
vehicle, the Micro-carburetor was installed and the identical test sequence 
repeated. Generally, at least three data points were taken per .test in order 
to recognize consistency of performance. Fuel for the driveability ·tests was 
unleaded pump gasoline. 

A. COLD ENGINE DRIVEABILITY TEST RESULTS 

The cold engine driveability tests examined how well the car started and 
drove off after an 18-hour soak at about 50°F ambient temperature. Cranking 
time was measured, along with the number of stalls. After the startup, spark 
advance, E.G.R., and intake vacuuu readings were taken in neutral and drive 
gears. Idle quality was rated "satisfactory" or "unsatisfactory." The vehicle 
was driven away from rest, and vacuum readings were taken again. The driveaway 
character was also rated "satisfactory" or "unsatisfactory." Fifty feet from 
the departure point, the car was stopped and ·engine vacuum readings were taken 
at in-gear idle. This was followed by another driveaway at a different acceler­
ation vacuum. This acceleration, cr.uise, brake, and idle pattern continued at 
0. 2-mile intervals for several miles. 

Transient performance response tests were performed subsequent to the cold 
driveaway tests when the engine was not yet fully warmed. These tests amounted 
to a series of "throttle tip-ins" from an initial cruise or deceleration. The 
objective of the transient performance response tests was to observe the sensi­
tivity of the fueling system's operation to varying throttle commands from differ­
ent initial conditions. A preselected pattern of "throttle tip-ins" was conducted 
which covered the matrix of possible combinations from low-i.n:f.tial-specd/light~· 
throttle.;..commaad t:o a passing maneuver at high-speed/heavy-throttle-command. 

The tabulated results from the cold driveability tests are shown in Appendix 
F, Tables F-3 through F-7. Throughout the tests, the Rochester carburetor per­
formed flawlessly, delivering consistently adequate engine operation. Against 
this standard, the Uicro-carburetor did well in most major areas. Driveaways 
beyond 50 feet had near equal quality at similar driveaway vacuums. Idle vacuums 
and qualities were near equal for the two carburetors, each exhibiting slight 
roughness. All Rochester drive ratings were satisfactory. All of the Micro~ 
carburetors raLlngs were satisfactory except for the two listed below. 

The Micro-carburetor showed 'rapid start times but often failed to continue 
to run. A large number of stalls occurred due to the failure of the fast-idle 
system to raise engine rpm after startup. It was determined that· the idle screw 
··as seated on the fas!:-idle cam, but that fast idle did not initiate until be-

ond the 50-ft drivcaway point. The only other cold driveability problem on the 
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Micro-carburetor was the inability to provide vehicle acceleration at or near 
wide-open throttle (WOT) without a stall. This was believed to be. the result of 
insufficient accelerator pump delivery. It was concluded that while the throttle 
opened wide to admit air, the fuel delivery lagged sufficiently far behind to 
starve the engine. 

B. HOT ENGiNE DRIVEABILITY TEST RESULTS 

The hot engine driveability tests provided a numerical rating for a perform­
ance characteristic according to the scale from 1 to 10, as shown in Figure 5-1 
(also, see Appendix F, Tables F-1 and F-2). The response rating of the vehicle 
to throttle .. commands was based on the observed levels of performance, consist­
ency and smoothness. Each data point represented an average of two drivers' 
ratings. 

UNACCEPTABLE BUI<UI:K- ACCI!PTABL[ LINE 

1 2 3 4 5 6 7 8 9 10 

DRIVER BORDER-
·BARELY 

VERY POOR POOR POOR WILL ACCEPT- FAIR GOOD EXCELLENT 
COMPLAIN LINE ABLE GOOD 

Fig11r.P 5-l. Vehicle Evaluation. Rating System 

Among the characteristics evaluated were constant vacuum accelerations or 
"crowds." In these tests, various depths of.constant manifold vacuum commands 
were explored between speed ranges of 20-30 mph, 30-40 mph, 40-50 mph, and 
over 50 mph.. In related tests of part-throttle accelerations, the vehicle was 
accelerated by a constant-throttle command. In these "cross-secti.ons," the 
vehi.cl e was r;;ub.iected to step throttle-input commands of different depths at 
varying initial speeds. · Again, caretully chosen t:ru.s.5 ·.5cction pu.i.nts were 
established as representative.of the entire.matrix of possible combinations, 
ranging fr?m l~w-speed/light-throttle to higher-:-speed/heavy-throttle-commands. 

Another set of transient performance response tests was carried out with the 
engine fully warmed. These tests differed from crowd and cross-section testing 
in that the throttle-input command varied (see Appendix F, T~bles F-1 and F-2). 

A series of constant-speed, road-load puluts was aloo observPd ~nd rated. 
These measurements were taken at speeds of between 20 and 55 mph. For a steady­
speed cruise, the engine should ideally be free from surge or unevenness. Idle 
was rated after the highway cruise •. A wide-open throttle acceleration of from 
0 to 30 mph was also performed. After this series of tests, the car was parked 
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in the sun and shut off. The vehicle was allowed to soak for approximately 10 
, minutes. After the soak, the engine was re-started and the idle quality was 
'rated in neutral and drive. Tip-ins were performed after this hot soak to 
search for any soak-related transient response problems. 

The rating results of the· hot engine driveability tests are given in Table 
5-1. Essentially, the Micro-carburetor performed as well as the Rochester , . ' except 1n one area. A hesitation on WOT acceleration was present, again due 
to the accelerator pump calibration. 

C. ANGULARITY TEST RESULTS 

In angularity testing, the fuel system's sensitivit~ to fuel slosh and to 
changes in the float level were examined. Angles of carburetor tilt were 
measured on two appropriately rescaled AMMCO Model 7350 "U-tube" accelerometers, 
mounted inside the vehicle· 

The first phase of angularity testing was static angularity. The behavior 
of the engine idle was monitored with the vehicle' on various incl'ined surfaces. 
With the car in "park," the engine idle vacuum was recorded before and after a 
5-minute idle on a shallow slope and then again on a steep slope. Table 5-2 ·shows 
the results of the static tests. All tests from the four angles (front-up, 
rear-up, right-side-up, and left-side-up) yielded comparably small deterioration 
in idle quality. The only exception was the steep rear-end-up test. In this 
test, the Micro-carburetor's idle quality and idle speed increased slightly.· 
The unorthodox placement of the float bowl at the rear of the Micro-carburetor 
had the effect of adding extra fuel to the idle system when the carburetor was 
tilted forward. The increased depth of fuel in the bowl over the idle jet 
apparently richened the idle. 

The second phase of the angularity testing was the dynamic test. ·Table 5-3 
and Appendix F, Tables F~8 and F~9, give the results in lateral acceleration 
(ft/sec2), read directly from the two on-board accelerometers. The vehicle 
was taken to its maximum limits of forward acceleration, forward deceleration, 
rearward acceleration, rearward deceleration, and lateral skidpad acceleration. 
Stalls were noted appropriately. 

The Rochester and the Micro-carburetor fared about equally well on all dynamic 
angularity tests, except for the forward-braking tests. Here, the Rochester 
experienced a persistent stall at 30 ft/sec2 (0.94 g) while the Micro-carburetor 
did not. This may have been a result of the rear-mounted float bowl, which 
gave the Micro-carburetor an improved idle quality in the rear-end-up static 
tests. The Micro-carburetor seemed to be less sensitive than the Rochester to 
increases in pressure head at the front end of the float bowl. 
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Table 5-l. Ho-t Dr.iveabili~y Test Results 

RATiNGS 

I I 
I SPEED I MICRO-GARB r BASELINE CONCLUSION I 
I I . ~ I 

I I 
I CROliDS: CONST~T VACUUM! 20-55 MPli. I . 6.8 I . 7 I I ., 

ACCELERATIONS I i:· ., .I I I 
I I J I I I 
I I I I -.I 
I CRUISES: CONSTANT I 20-55 MPH I 6.5 I. 7 I = I 
I SPEED I I . I I I 
I I I I I I 
I I 
I TIP INS.: THROTTLE. I 20-55 MPH 6.5 I 6.5 I = I 
I RESPONSE I . I I I 

·I I I I 1 
I 
I w.o.T.: I .0 -30 MPH 5 -I 7.5 I 
I I I I 
I 
I p • T': CONSTANT THROTTLE! 0 -30 HPH 7 I 7 ·-., ACCELERATIONS I . I 
I l I 
I 
I IDLE QUALITY: I fl.5 6.5 
I I 
I 
I TnT..F. QUALITY AFTER HOT RESTART: I I 5.J 
I I I . 
I 
I HOT RESTART TIME: 0.8 sec I 1.8 sec I + 
I L.. ) .. 
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rable 5-2. Static Angulari~y Test Results 

BASEL I~ I MICRO-CARBURETOR 
I 

1 .. INITIAL I' FINAL I I I iNITIAL FINAL I 
TEST I ID~E VAC I IDLE VAC I REMARKS I TEST I IDLE VAC IDLE VAC I REt-1ARKS 

I in. Hg I in. Hg I I I in. Hg in. Hg I 
I I I" I I I 

LEVEL I• 17.6 +.2 I 17.2 +.2 I SAlfE I LEV~L I 18 + .5 17.5 + .5 I SLIGHT ROUGH 
.. I I I I I I 

FRONT UP 19.25 18.4 SLIGHT I FRONT UP 17.5 + .5 1"16.5±.5 I SLIGHT ROU(;H 
100 LOADING RIGHI 10° I + I 

I I I 
~, I I' . 
i 
~, BACK UP 17.5 17.0 VERY ROUGH I BACK UP 18.25 ±.251 16.5 + 75 I SLIGHT ROUGH 

10" LEAN I 13 ° I I 
I I . I 

FRONT UP 19.2 ~8.8 VERY SLIGHT FRONT UP 17 + .5 16.75 ±.51 ·SLIGHT ROUGH -16 ° ROUGH 14 • .? 0 I 
I 

BACK UP I 16 + .5 16.5 + .5 S~IGHT BACK UP 17.5 + .251 19.75 I MAJOR INCREASE 
16·C· I ROUGH LEAN 17 .5"0 I I IN RPM 

I I I RICH 

LEFT UP 17.4 17.2 SAME LEFT UP 17.25 ±.51 16.5 + ~5 SLIGHT ROUGH 
11.5 ° 12·o I 

I ... , .. 

RIGHT UP I 18.0 17.4 SLIGHT RIGHT UP 18 + .5 17 + .25 &AMF:: 
130 I ROUGH 12° 

I 



Table 5-3. Dynamic Angularity Test Results 

I I I 
I TEST MICRO-CARB . I BASELINE I 
I I I 
I I 
I I I I 
I RIGHT TURN I SATISFACTORY -I SATISFACTORY 'I 
I I I I 
I . LEFT TURN I SATISFACTORY I SATISFACTORY 
I I I 
I FORWARD BRAKING I SATISFACTORY I STALL.-AT 30 ft/sec2 
I I - I 
I BACKWARD BRAKING I SATISFACTORY I SATISFACTORY 
I I I 
I FORWARD ACCELERATION I SATISFACTORY I SATISFACTORY 
I I I 
I BACKWARD ACCELERATION I SATISFACTORY 'I SATISFACTORY 
I I I 
I I I 
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SECTION VI 

GENERAL DISCUSSION OF TEST RESULTS 

The Micro-carburetor has demonstrated the ability to increase the thermal 
efficiency of the test engine and'thereby reduce the amount of fuel consumed 
ranging from 9.7% (see Table 4-2) to 18.1% (see Table 4-4) on the FTP cycle.· 
Examination of the engine dynamometer data provides insight into the mechanism 
of the thermal .efficiency improvement. Points B, C, D, and E were the leanest 
observed in the test series (see Table 3-1). The Micro-carburetor showed 
nearly double the exhaust oxygen content of the Rochester (see Appendix B, 
Figures B-5 and B-10). While points C and E had improved mixture distribution 
(see Figure 3-12), points B and D were the only indications of distribution 
degradation with the Micro-carburetor. Under these conditions, the engine's 
misfire rate should increase with the Micro-carburetor; this is true especially 
at point B, where three cylinders ran below ¢= 0.790 (see Figure 3-lla). 
Comparison of the unburned HC content of the exhaust (see Appendix B, Figures 
B-2 and B-7) indicates that the high HC levels usually attendant with misfires 
were not present. The HC levels generally declined with the Micro-carburetor. 
This is an indication that the mixture preparation of·the Micro-carburetor 
was superior to. that of the Rochester at those test points. 

The Micro-carburet.or demonstrated considerable fuel savings over the 
Rochester carburetor. At warm idle, the Micro-carburetor consumed 13.2% less 
fuel than the baseline (see Figure 3-7). This translates into·a savings of 
0.01 gallons (0.038ll) for every 5 minutes of idling. Considerable fuel savings 
also occurred at the higher steady-state load points. This was the result of · 
sizable improvements in thermal efficiency and cylinder-to-cylinder equivalence 
ratio distribution (see Figures 3-9 and 3-12) at the higher loads. 

The FTP urban cycle data showed areas of strength and weakness in the 
Micro-carburetor. Comparison of the cold-start FTP tests between the two 
carburetors (see Tables 4-1 and 4-2) showed that the Micro-carburetor's CO 
emissions were higher than the Rochester's CO emissions. Although other 
emissions increased, all fell within the EPA standards. Fuel economy improved 
9.7% with the Micro-carburetor (see Table 4-2) allowing for equal spark advance. 
The hot-start test results (see Table 4-3) indicated that the Micro-carburetor 
performed well once the engine was warm. The Micro-carburetor showed a fuel 
economy improvement of 18.1% over the Rochester with direct manifold vacuum 
spark advance (see Table 4-4). The CO production of the Micro-carburetor was 
nearly half that of the Rochester in the hot-start tests (see Table 4-4), while 
in the cold-start tests (see Table 4-2), the CO production of the Micro-carburetor 
was nearly double that of the Rochester. The higher CO emissions and smaller 
fuel economy improvements of the Micro-carburetor in the cold-start tests were 
both indications of the overly rich operation of the cold engine. Because the 
choke determines the final equivalence ratio of a cold engine, the higher CO 
and smaller fuel economy gains for the }1icro-carburetor in the cold-start tests 
as opposed to the hot-start tests were indications that the Micro-carburetor 
performed poorly in the cold-start portion of the FTP. This is further evidenced 
in the bag-by-bag data shown in Appendix A, Table A-1, where the Micro-carburetor 
demonstrated significantly higher CO in bag 1 (the cold-start portion of the 
FTP) but equal or lower CO than the Rochester in bags 2 and 3 (the hot-start 
portion of the .FTP). If the choke in the Micro-carburetor operated as well as 



the choke in the Rochester, similar fuel economy improvements ~nd CO reductions 
should result in both the cold-start and the hot-start FTP tests. This evalu­
ation of the Micro-carburetor choke system was done on the basis of equal spark 
advance between the two carburetors. The spark advance strategy differences 
did not account for the significant fuel economy changes· with the Rochester car­
buretor. This infers that the Micro-carburetor may not receive a fuel economy 
benefit from utilizing a ported spark advance strategy. 

The hot-start emissions data look promising for the Micro-carburetor.(see 
Tables 4-3 and 4-4). Compared to the baseline Rochester, CO improved 37.3% and 
NOx remained similar. The HC remained low, although it was nearly double the 
baseline Rochester's value. When direct manifold vacuum spark advance was 

- applied to the Rochester-equipped engine, all the exhaust emissions increased. 
With ·equal spark advance, the Micro-carburetor showed a 46.8% reduction in CO 
with nearly equal HC and NOx; this shows the potential of the Micro-carburetor to 
decrease CO emissions by lean operation. P'ruw Lh~ lllgh amount of decoloration­
generated HC observed, it is inferred that improved levels of HC emissions are 
also poss;i,l;>le with improved control of deceleration mixtures. NOx emissions 
did not show .a significant change from stock operation, even t:huugh the Micro··· 
carburetor operates with more off-idle spark advance. This seems to suggest 
that less NOx is possible for the Micro-carburetor with equal spark advance. 
This is possible due to the more even cylinder-to-cylinder mixture distribution, 
which caused more consistent cyclinder-to-cylinder combustion temperatures. 

Driveability test results showed that a reasonably good level of perform­
ance was maintained with the Micro-carburetor. Two problem areas were uncovered 
which affected FTP emission levels. The choke system of the prototype Micro­
carburetor needed better integration with the fast-idle device. Also, the 
accelerator pump operation was slightly deficient in fuel delivery. 
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SECTION VII 

CONCLUSIONS 

The Micro-carburetor prototype demonstrated a fuel economy advantage over 
the baseline Rochester carburetor. Even though the stock Rochester typifies a 
well-developed carburetor, fuel economy improvements of 9.7% to 18.1% were 
achieved with the Hicro-carburetor for the cold--start and hot-start tests, 
respectively (see Tables 4-2 and 4-4). The differences in the fuel economy 
improvements between the hot-start and cold-start tests indicated that the 
Micro-carburetor could be developed even further to save additional fuel. 

The emissions tests indicated the potential to dramatically reduce CO 
production, while the unburned HC tend-ed to increase slightly but remained low •. 
The generation of NOx was unaffected by the Micro-carburetor, even with the 
increase in off-idle spark advance •. 

The improvements in engine performance generally reinforce the Micro Car­
buretor Corpora-tion's claims of improved atomization ·and cylinder-to-cy-linder 
distribution. An improvement in thermal efficiency was documented at every 
point in the'engine dynamometer tests. 

The basic design of the Micro-carburetor is sound. However, it is not yet 
ready for production. Certain development-related problems do exist. These 
problem areas will require special effort but by no means do they necessitate 
any major change in strategy. Some of the areas needing more work are power 
valve timing, accelerator pump timing and volume, choke control, fast-idle 
control, and deceleration mixture control. These calibrati.on element changes 
are to be expected on a prototype carburetor that has not yet had the benefit 
of a carburetor flowstand analysis. 

In the final analysis, the Micro-carburetor can lower fuel consumption by 
a significant amount. In addition, it has the potential to reduce emissions 
through a detailed analysis and recalibrat:ton effort. 
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APPENDIX A, TABLE A-1 - FTP EMISSIONS 

Top Line - Total Grams, Bottom Line - Grams per Mile 

BARO REL BAG 1 BAG 2 BAG 3 
TEST Ill Dfl_TE psi a I iHUM 1 % NOx co I 'HC NOx I co HC NOx co HC 

I I I I 
12 I 11/C4/80 14.12 I .25.69 I 5.90 I 1.44 

I I I 1.64 I .400 

13 11/18/80 14.17 12.72 6.89 7. 77 2.99 I 9.54 1.21 
1.91 2.04 .7881 2.65 .336 

14 11/19/80 14.16 13.12 85.75 5.64 7.40 1. 82 I .936 9.72 .893 
23.82 1.57 1.90 .4681 .240 2.86 .263 

15 11/20/80 14.14 12.62 78.91 1.08 
.318 

AVE 14.15 16.04 83.23 5.91 7.49 2.83 I .789 9.61 1.16 
12-15 23.12 1.64 1.93 .7331 .203 2.79 .329 

> 18 12/17/80 14.10 24.61 1.89 r 
1-' 

.524 

19 12/18/80 14.11 38.57 1. 92 
.583 

AVE 14.1051 31.59 1. 91 
18-19 I .554 

20 01/C7/81 14.09 19.84 2.18 
.610 

21 01/C8/81 14.10 .29. 77 1. 77 
.4911 

I 
22 01/09/81 14.09 20.32 1.so I 

.4171 
I 

AVE 14.09 23.31 10.54 1. 82 I 
20-22 2.93 .5061 

I 
24 01/14/81 14.08 36.06 12.25 1165.50 143.10 9.68 1.85 11.49 111.31 3.49 1.95 I , I 

3.40 I 45.98 IlL 97 2.48 .4741 .382 I 3.14 .970 .5411 



TABLE A-1 (Cont.d) 
Top Lin:.- Total Grans, Bottom Line- Grams per Mile 

I TEST !FUEL ECONOMYIFUEL ECONOMY! 
. TEST II I NOx co I HC r cc2 I w.T. I c.B. I CONFIGURATION 

I I I I I 
12 I I 8.13 I 702C • .5 I 12.97 I 13.52 I Rochester-Ported Spark 

I I .5331 643.4 I I I 
I 

13 9.01 I 706J.5 13.20 13.47 
.6101 

14 12.99 13.36 

15 13.04 13.37 

AVE 13.05 13.43 
12-15 

18 13.04 13.82 Rochester-Manifold Spark 

> 
I 
N 19 6740.6 13.69 13.86 

AVE 13.36 13.84 I 
18-19 I 

20 13.98 14.37 I Micro-Carburetor 
I 

21 31.82 648:'.5 14.96 14.58 
2.71 589.1 

22 15.00 14.82 

AVE I 14.65 14.59 
20-22 I 

24 I 33.25 1170.9 146.54 643~.4 I 14.57 1L.59 
I 2.85 I 10.0 I 2.82 58.:: .. 2 I I I 

1975 I I I ALL TESTS AT 12 hp/4000 lb Inertia Weight, 12-18 Hr Soak 
STANDARD I 3.1 I 15.0 I 1.5 Tines, Am.Jient Temp. 7 5o !. 5o. FTP. 



APPENDIX B TABLE B -1 

TEST CONF.I G __ B_a_s_e 1_i_n_e _D_i s_t_r_i b_u_t_i o_n_Te_s_t_s -·-----

TEST # _-=.2.:....6 ------ BARO, In Hg 28.83 ~ 70 °F. DATE 2/5/81 _ _,__.c__ __ _ 

TEST SPARK MANI F .. MAN IF. EXH CARB EGR rpm- POIN q, AD- PRES. VAC PRES FUEL PRES BARO. AFR AIR FUEL bhp bsfc 
POINT TORQUE CODE VANCE 

,.. 
psi a ln. Hg ln. H20 psig psi a 'PRES. 1 bm/ 

0
RTDC psi a 

1 bm/hr 1 bm/hr bhp-hr 
001 1940-175~5 J 1 .233 28.0 28.5 10 76 6.76 L83 5.87 11 . 07 14 08 11.80 446.63 37.85 64.1 . 591 
901 1920-175.9 J 1 . 165 28.6 29.8 10.68 6.92 1.80 4.78 11 . 09 14.08 12.49 455.01 36.43 64.1 .568 
002 193o-ll7. 6 I .984 36.75 34.5 8.83 10.67 1.43 5.74 11 . 03 14.07 14.79 343.87 23.25 43.1 .539 
902 1930-119.5 I . 982 36.9 34.8 8.86 10.62 1 .44 5.43 11 . 02 14.075 14.89 346 94 23.30 43.8 .532 
003 2020- 57.7 H .926 38.9 31.9 6.67 15.09 1. 06 5.88 11 .15 14.08 1 5. 41 261 66 16.98 22.2 .765 
903 2015.,. 58.8 H . 942 IJ~. 9 31.8 6. 61 1 5.1 9 1.05 -6.02 11 .15 14.07 15.44 265.88 17.22 22.6 . 762 
004 1540-140.9 G .999 27;7 32.0 10.21 7.87 1.33 -5.58 11 . 64 14 075 14.57 323.60 22.21 41.3 .538 
904 1 590-137.7 G .994 29.4 32.5 9.97 8.36 1.34 5.45 11 . 54 14.075 14.64 325.89 22.26 ~1.6 .535 
005 1630-11 5. 3 F 1. 020 33.5 32.6 9. 21 9. 91 1.26 5.56 11 . 55 1'4. 075 14.Zb 284.06 19.92 35,7 .558 

'905 1550-117 2 F .945 31.1 31.8 9.53 9.25 1.23 5.46 11.78 14.075 '15 .39 299.64 19.47 34.5 .564 
006 161 0- 55 5 ' E .906 36.6 29.8 7.03 14.35 .860 4.25 11 . 44 14.08 16.05 215.87 13 .'J.5 17.1 .1~1 

906 1635- 57 2 E . .904 36.8 29.4 7.02 14.37 .898 6.38 11 .44 14.08 16.09 224.62 13.96 17.8 .784 
007 1195- 80.2 D .896 26.8 27.5 8.95 10.44 .818 6.62 12. 01 14.08 16.24 207.38 12.77 18.1 . 706 
907 121 5- 81 . 2 D . 960 26.8 27.6 8.98 10.38 .855 6.04 12.02 14.08 15.16 2 00. 11 13.20 18.8 . 702 
008 1205-57.2 c .947 29.3 26.2 7.47 13.46 .646 6.47 11 . 92 14.08 15.37 169.22 11 . 01 13. 1 .840 
908 1200-58.4 c .940 29.3 25.9 7.59 13.21 .660 6.01 11 . 92 14.08 15.48 172.29 11 .13 13 3 .837 

'009 1035- 46.1 B . 969 18.8 25.1 6.04 16.38 .460 6.86 13.1 0 14.085 15.02 127.07 8.46 9.1 .930 
909 1010- 45.4 B .974 16.3 24.3 6.02 16.41 .459 7. 71 13.1 6 14.08 14.94 126.54 8.47 8.7 .974 
010 '585- 37.7 A .90S 5.8 20.9 7.59 13.21 .296 8.22 14.04 14.08 16.07 84.05 5.23 4.2 1. 250 
011 2925-'228. 9 WOT 1.146 25.4 29.6 12.93 2.36 3.76 5.11 13.1 5 14.09 12.70 933.20 73.48 127.3 . 577 

I 
' 

" . 

I 



td 
I 

N 

TEST 
POINT 

001 
901 
002 
902 
003 
903 
004 
904 
005 
905 
006 
906 
007 
907 
008 
908 
Q0_9_ 

909 
010 
011 

rpm-
TORQUE 

12000-174 4 
12000-174 1 
1 995-116.5 
1990-11!:>.4 
1 995- 57. 5 
197.5- 59 5 
1600-140 2 
1570..:140.8 
1570-120.2 
1580-118.4 
1590- 58.4 
1585- 57.9 
1190- 80 .1 
1200- 79.1 
1205- 57.8 
1190- 58.4 
1000- 46.1 
1015- 46.6 

575- 40.4 
12950-225 5 

POIN cl> 
CODE 

J 1. 023 
J 1. 057 
I 1 .030 
I 1. 020 
H .. 924 
H . 919 
G 1. 005 
G 1 011 
F .992 
F .9BO 
E .861 
E .853 
D .846 
D .840 
c 
c 
B . 
B . 
A 

WOT 1 .180 

APPENDIX B TABLE B-2 

TEST CONF 1 G __ M_i _cr_o_-_Ca_r_b_D_i_s_ t_r_i_bu_t_i_on_T_es_t_s ______ _ 

TEST # __ 2_7 _____ _ BARO, In Hg 28.97 @ 70 of. DATE 2/11/81 

i 
SPARK1 

'f'f;ANIF. MAN IF. EXH CARS EGR AD- · bsfc 
VANCE 77T PRES. VAC PRES FUEL PRES BARO. AFR AIR FUEL 

bhp 1 bm/ 
psi a ln. Hg In. H20 PRES. 

o BTDC: psiJ psi a psia 1 bm/hr 1 bm/hr bhp-hr 

27 '2 35.01 11 . J2 6.38 1 73 4 .0.3 10.93 h 4 15~ 14.22 458.03 32.21 66.3 .486 
27 2i 34. 1:"6 11 . )4 6.33 1 72 5.37 10 Q3 14. 1 5 13.76 ~4_5_1 _47 32.81 66 2 .496 
37.9' 35.15 8.57 11 36 1.21 6.1 ~ 11 ~·4 14.15 14.12 333 94 23.65 44 2 .535 
37.81 35.04 8. 51 11 .28 1.20 6.33 11 ::4 14.1 5 14.27 334 49 23 44 43.7 .536 
38.71 34 141 6 71 15 .15 .875 4.5~ 11 . 92 14 .15 15.74 243.66 15 48 21.7 . 713 
38.7. 32 90 6 . .32 14.92 .891 4.1 5 i 1 .88 14. 1 5 15.84 258.19 16.30 22.4 .728 
30 .2~ 34.03 9.74 8 98 1 .12 5.65 11.50 14.1 5 14.48 314.22 21 .70 42.7 .508 
30 0 34.10 9.79 8.87 1 10 6. 43 11 . 52 14 14~ 14.39 .306. 51 21 .30 42.2 .505 
33.7 34. ~:3 8.36 10 77 . 976 6.23 11. ;4 14. 15 14 66 273 99 18.69 35.9 .521 
33.9 33.90 8.-35 10.79 .982 6 6=> 11 . ;1 14 .15 14 .85 282 15 19 00 35.7 .532 
35.8 29.81 7 =>2 14.11 .760 5 p, 12 .17 14.15 16 90 226 80 13 42 17 6 .762 
35.8 29.64 7.16 14.21 .760 6 0~ 1 2. i 7 14.14 17 OS 228.47 13 40 17.4 770 
27.0 28.;5 8.30 10.88 .697 6 25 12.30 14. 14~ 17 .19 211.95 12.33 18.3 67_4_ 
27.7 28.68 8.58 11 . 27 .692 6.0~ 12.30 14. 14' 17. 31 212. 91 12.30 18.0 .683 
28.8. 26.86 7.56 13.1 9 .602 6.4~ 12.51 14 14 1 0. 61 1 3 3 . 798 
28.~ 26 .1:'6 7.53 13.27 .602 6.45 . 12.52 14 1 5 10.59 13.1 .808 
25.5 25.02 7.~0 14.15 .487 6.73 12 .82 14.1 5 8.22 8 9 .923 
25.6 25 .~:1 . 7.14 14 27 .492 6.3~ 12 83 14.1 5 8.37 9 0 . 930 I 
23 5 24.85. 7 .36 12.82 .268 6.73 13 55 14. 15~ 4.57 4.4 1. 039 
25 5 30.90 12. 54 3.35 3.35 5 95 12.64 14.1 5 12.34 868.24 70.36 n 26.7 .555 

I 

I 
I 

! 



b:! 
I 

w 

TEST 
POINT 

1 
2 
3 
4 
5 
6 
7 
·a 
9 

10 

rpm-
TORQUE 

2000-174 .A 
2005-113.8 
1980- 56 5 
1620-1381 
1610-117 5 
1600- 59 c 
1225- 80.~ 
1190- 56 s 

980- 47.1 
585- 42 7 

POIN cJ> 

CODE 

J 1.11 
I 1.03 
H .92~ 

G 1.03 
F 1.04 
E .897 
D .894 
c .851 
B . 791 
A .805 

-
-

APPENDIX B TABLE B-3 

TEST CONF 1 G __ M_i_c_ro_-_Ca_r_b_u r_e_t_o r_S_to_c_k_E_x_ha_u_s..:...t.:...s ____ _ 

TEST # _ 2_8_A _____ _ BARO, In Hg 28.75 @ 70 °F. DATE 2/18/81 ---- ------

.. 
SPARK MANIF. MAN IF. EXH CARS EGR bsfc AD- PRES. VAC PRES FUEL PRES BARO. AFR AIR FUEL VANCE 77T bhp 1 bm/ 

psi a ln. Hg In. H20 psig psi a PRES. 1 bmihr 1 bmihr bhp-hr 0 BTDC psi a 
26.4 32.5 lJ 15 6 07 1 73 8 08 1 o: 96 4.13 13 08 456.18 34.80 66.5 .523 
37.3 34.6 8 66 11 14 1 21 8.90 11 . 37 4.13 14 06 333.22 23.70 43.5 .545 
38.6 32.2 6.88 14.75 . 891 8.53 11 95 4 .12~ 15.73 254.35 16.17 21.3 .759 
31.0 33 3 9.67 9.07 1.12 7. 92· 11.51 4. 12~ 14.09 312.66 22.19 42.6 .521 
34.7 33.1 8. 75 10.93 .978 7. 91 H .74 4 12 13.94 274.20 19.67 36.1 .545 
35.9 30.0 7 .18 14.14 .767 6 57 12 .17 4 12~ 16 22 220.59 13.60 18.0 .722 
28.7 29.2 8 65 11 .14 693 6.76 12.32 4.12 16.27 199.47 12.26 18.3 .670 
28.7 27 5 7 54 13.40 600 7.14 12.53 4.12 17.09 173.80 10.17 . 13.0 . 782 
24 7 25 3 7.21 14.07 .480 7.50 12.84 ·4 .12 18.25 145 09 7.95 8.8 .903 
23 4 26.0 7.57 13.34 .247 7 95 13.61 4.12 18.08 80.28 4.44 4.7 . 945 

I 
I 
I 
I 

I 
I 

! 



ttl 
I 
~ 

TEST 
POINT 

]2 
13 
14 
1 5 
16 
17 
18 
19 
20 
21 

1 
2 
3 
4 

rpm-
TORQUE 

1980-174.2 
2015-115.2 
1990- 58.4 
1600-139.1 
1610-116 5 
1600- 59.9 
1235-81.2 
1210-61.0 
1025- 46.8 

570- 38.4 

121 0- 59 5 
995- 47 0 
660- 23.9 
660- 36.2 

POIN 
<I> CODE 

J_ 1 2_2_Q 
I 988 
H .936 
G .987 
F . 977 
E .918 
D . 91 0 
c . 945 
B .976 
A .900 

c 959 
B 973 
A .858 
A .857 

. 
-

APPENDIX B TABLE B-4 

TEST CONFIG Poirts 12-21 Baseline Ported Spark, Points 1-4 Baseline 
Man1fold Spark, AI I w1th Stock Exhaust 

TEST# 285 29 BARO, In Hg @ 70 oF. DATE 2!18/81, 2!19/81 

SPARK 
f:1Jl.N =F. MAN IF. EXH CARS EGR bsfc AD-

VANCE 77T PHES. VAC PRES FUEL PRES IBARO. AFR AIR FUEL bhp 1 bm/ 
psi a ln. Hg In. H20 psig ps ia PRES. 1 hm/hr 1 bm/hr bhp-hr 0 BTDC ;ps1a 

28.7 29.2. 10 72 6.90 1 88 8.11 11.1014.11 11.89 453 60 38 15 65 6 .582 
37.7 .34 .3 8 64 11 .13 1. 49 9.19 1 0 . 92 : 14 . 105 14.72 358 43 24.35 44 2 . 551 
38 q .32 1 6 64 15.20 1 06 9.56 11 . 21 14.105 15.55 258.28 16.61 22.1 .752 
29.8 33 2 9.86 8 64 1 35 9.05 11 56 14 10~ 14 74 326.93 22.18 42.5 .522 

133 2 I 33 1 . 9. 091 10.22 1. 24 9.03 11 . 61 14.11 14.90 291 .81 19 59 35.9 .546 
36 2 I 30.0 7. 00~ 14.47 .878 7.73 11 .46 14.10~ 15.84 216.53 13 67 18.2 . 751 
28.4 ! ~9.3 8. 50! 11 . 41 .820 7.90 11 88 14. 10~ 15.98 202.47 12 67 19.2 .6.60 
29.0 I 27.0 7. 54! 13.37 .676 8.22 11 . 91 14. 105 15.39 170 06 11 05 13.9 .795 
17.5 I 25.7 6.08' .16 .34 .478 8. 70 13.09114.101; 14.90 123.07 8.26 9.1 .908 
5.6 

. 
~1 .4 7.67 13 .15 .300 9.14 14.00!14.10 16.17 81 . 17 5.02 4.2 1 . 1 95 . 

J I 
28.7 27.0 7.35 13 83 .647 0.12 12.00 14 .141; 15 .16 164.64 10.86 13.7 . 793 
24.6 27.0 5.82 16.94 .428 7 71 13.61 14.14 14.96 113.40 7.58 8.8 . 861 
23.2 23.5 6.12 16.53 .258 8 21 14.11 14.14 16.96 71 .40 4.21 3.0 1 403 
23.4 25.9 I 6.551 15.45 .259 8.20 14.14 14.14 16.98 71 .15 4.19 4.0 1. 048 

' I . 
i 

I 

I 

I 

I 



APPENDIX B TABLE B-5 

TEST CONFIG Micro-Carburetor Distribution Retests 

TES- # __ 30 _____ _ BARO, In Ug 28.65 ~ 70 °F. DATE 4/17/81 

SPARK 
~1ANI F. MAN IF. EXH CARS EGR AD- bsfc 

TEST rpm- POIN 
4> VANCE 7JT PRES. VAC PRES FUEL PRES eARO. AFR AIR FUEL bhp . 1 bm/ POINT TORQUE CODE ln. Hg ln. H20 psi g psi a PRES. 1 bm/hr 1 bm/hr bhp-hr 0 BTOC psi a psi a 

002 1 990-11 5. 6 I 1 010 36 8 34.9 8.66 11.00 6 00 11 33 n 4 o6~: 14.13 332 3 2.3 52 43.7 .538 
902 1985-118 2 I 1. 000 36.5 35.4 8.78 10.75 5.60 11 25 4 06 14.50 341 .6 23.56 44.7 .527 
907 In ql)_ 82 L D 937 28.4 29.9 8.16 12.06 5.36 12.38 4. 06~ 15.53 186.4 12.00 18.8 .638 
008 1121 5- 58 9 c 872 28.7 27.3 7 .66 13.04 5.89 12.43 4.06~ 16.69 179.8 10.77 13.5 . 798 
908 11220- 57.2 c .868 28.9 27 0 7 55 13.26 5.86 12.43 4 .06' 16.77 180.1 10.74 13.3 .807 
009 11010- 45.9 B .814 25.4 25.0 7.17 14 04 6 31 12.75 4.061 17.88 145.4 8.13 8 8 .924 I 
909 990- 45.9 B . 812 24.4 24.5 7.22 13 95 6 '1 0 12 75 4 07 17 93 146 9 8.19 8.6 Q!;? 
010 600- 40.-: A .826 23.4 25.5 7.20 13.98 6.59 13.58 4.061 17.62 79 5 4 51 4.6 QAO 

-

. 
I - I 
I 
I 

I 
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APPENDIX C 

Carbon Balance Technique for determining air-fuel ratios from exhaust 
emissions: 

AFR = Fb [11.492 F ·(l+R/2+Q) + 120{l-Fc)] 
c l+R 3.85+R 

where: 

_ %CO + %C02 
Fb - %CO + %C02 + %HC 

Fe = weight fraction of carbon in fuel =0.866 for 
Indolene Clear by JPL analysis 

R = %CO 
%C02 

Example: CO= 1.31%, co2 = 14.44%, 02 =0.20%, HC =0.12%, then substi­
tuting into C2, C3, C4 

1. 31 + 14.44 
Fb = 1.31 + 14.44 + .12 =0· 9924 

1 . 31 . 
R = 14 .44 = 0. 0907 

Q = 14 ~g4 = 0. 0138 

Substituting c5, c6 , c7 ,into c1 

. (1 + 
0
· 
0~07 + o. 0138) 

AFR = .9924 [11.492 x0.866 l +O.o9o7 

+ 120(1-.866) ] = 13 57=> cp = 1 07 
·3.85 + .0907 . . 

Reference: 11 Air Fuel Ratios from Exhaust Gas Analysis, 11 R.S. Spindt, Gulf 
Research and Development Company. 

C-l 



APPENDIX D 

1ermal Efficiency Calculations 

work-out X 100% W X 100% 
nT = chem. energy in. = C.E. 

Terms defined as: 

D = Dyno bhp 

F = Fuel Flow ~~ 

fhp = [(rpm)2 x 3.75 X lo-6] +[(rpm) X 2.1368 X 10-4] + 2.5182 

C.E. = F X heating value= F X 7.4809 ~~hr 

W = work-out = D + fhp 

Substituting 02 into 04 

w = D + [(rpm)2 X 3.75 X l0-6] +[(rpm) X 2.1368 X 10-4] + 2.5182 

Substituting D3, Ds into D1 

_ D + [(rpni)2 X 3.75 X lQ-6] +[(rpm) X 2.1368 X 10-4] + 2.5182 X lOO%. 
nT - · F x 7.4809 

1 . lbm 9 Examp e: Dyno bhp = 43.7 bhp, Fuel Flow= 23.52 hr' rpr.1 = 19 0 

Then: 

( Ds) 

(06) 

W = 43.7 + [(1990) 2 X 3.75 X l0-6] + [(1990) X 2.1368 X l0-4] + 2.5182 = 61.49 hp 

and 

C.E. = 23.52 X 7.4809 = 175.95 hp 

Therefore: 

nT = 1 ~~:;~ x 100% ~ 34.9% 



APPENDIX E 

Volumetric Efficiency Calculations 

Example: 

m act 
nv = -.-rn-t-:-:h~e-o..:::.r.::...et::-1.--. c-a-.1 

rpm x p x Displacement 
air 

2 

rpm= 600, m act 

= 262.5 l.bm 
t hr 

= 79 5 1 bm 
· hr 

Substituting into (E1) 

79.5 w 
nv = 262.5 1:; = 

30.3% 

E-1 
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Driveab:lity Evaluation I Baseline Appendix F TABLE F-1 

I Calibration No. ll-2419__lU_, ~5Q C.I.D. T.H.M. Transmission. 
Program Mi c ro-C a rburetcr:: 

VEHICLE INFO. ENGINE INFO. EMISSION INFO. MISC. INFO. 
Vehicle Number C.I.O. EGR Valve & Orifice Oalo lomp. 

4501 350 Yes 11/24/80 70° 
Model YeariCarline Engine Number TB'nad't{er C&l•lysl Wmd Barometor 

1973 lmpa 1 a ac - G.M. Light Pressure 
Engine/Vehicle Miles Cali bra lion Thermactor T.O.V. Location 

85857 No JPL 
Transmission l Axle CARB. & DIST. INFO. Vac. Amp. s.o.v. Road Condition 

THM350 2.73 Carb. Part No. I Curve No. Clear and Drv_ 
Rochester 2V Jury Mem~erW 

Other 49s I Calif. ros Merke eiss 
Distributor Curve Initial R.P.M. X Steve Mazor 

I 6 ! 500 Canada 

In termed. N/Or. Idle N/Or. Idle N/Or. 

Eng. Alter Alter 10 min. 
7 Vac 18.5 14 6 Vac 19 14.5 Vac 17 13.5 Temp. HI way Hot Soak 

Idle RPM Run RPM Soak RPM 

The above components were evaluated by the Jury membora lndl• s M AvP After Hot Soak cated and received a rating of -

Crowds 20·30 MPH: 7 7 7 
3rd Gear Crowds 30·40 MPH: 7 7 7 

Crowds 40·50 MPH: 7 7 7 
Road Loads 20 MPH: 6 7 6.5 

3rd ··-
Gear Road loads 30 MPH: 7 7 7 .. 

Road loads 40 MPH: 6 7 6.5 
W.O.T. accel: 0 to 30 MPH: 7 8 7.5 
Part thro. accel. 0 to 30 MPH: 7 7 7 
Tip·in 0·30 MPH: 6 7 6.5 
Crowds above 50 MPH: 6 7 6.5 
Road loads above 50 MPH: 7 7 7 
Tip·in after hot soak: 6 6 
Hot start time. 1.8 Sec. 

Idle quat inter. temp.: 6 6 6 
Idle qual. •flur hlway run: 7 7 7 
Idle qual. afler hot soak: 6 5 5.5 
Thro. !eel, travel. efforts: 

1---. ~... . ... ' ~. -
Remarks 

MILEAGE AT START Sl·i ght hesitation HOT from stop. 

MILEAGE AT FINISH 

VEHICLE EVALUATION RATING· SYSTEM 

~ unacctptebll ~ 80!der I Lrne A~~aDIIbll I 
, I 2 J 31 4 5 8 7 8 9 10 

Production ReJect 

Poa< I Cuat Border Barety Fa• Good Very Excel· 
COf'T':P lrnt Accept Good ltnt 

Signatures: 

I . 

'F'-J 



Driveability Evaluation I Micro Carb Appendix F Table F -2 
Calibration No. 1-23 19~. 350 C.I.D. T.H.M. Transmission. 

Program Micro-Carburetor 

VEHICLE INFO. ENGINE INFO. EMISSION INFO. MISC. INFO. 
venicle Number C.I.O. EGR Valve & Orilice Dalo Temp. 

4501 350 Yes 1/23/81 70° 
Model Year/Carline Engine Number Transduker Calalyst Wind Barometer 

1973 Impa 1 a Bac - G.M. No Prf>c:;c:;ure 
Engin&/Venlcle Milas Calibr31ion Thermactor T.D.V. Location 

86082 No JPL 
Transmission I Axla CARS. & DIST. INFO. Vac. Amp. s.o.v. Road Condition 

THM350 2.73 Carb. Part No. I Curve No. Jury Members 
Other Mi cro-Carb 49s I Calif. I 50s Steve Mazor 

Distributor Curve Initial R.P.M. X Merl<el ~elSS 

I 6 j 500 Canada 

lritirmea. N/Or. lriiA N/Dr. Idle N/Or. 

Eng. After After 
- .............. ..... 

Vac 13.5 Vac 14 Vac 17 13.5 Temp. Hlway. Hot 

Idle RPM Run RPM Soak RPM 

Th~ above components were evaluated by the Jury members indl· s r.1 Aye After Hot Soak c:ated end received a rating ot - 1 
c.;rowas :lU·JU M,.l"i 6- -7 6.3 

3rd ··-· . -· -. 
Clear Crowds 30·40 MPH: 7 7 7 

Crowds 40•50 MPH: 7 7 7 
Road Loads 20 MPH: b 6 6 

3rd 
,_ 

Gaar Road Loads 30 MPH: 7 7 7 
Road loads 40 MPH: 6 6 6 
W.O.T. accel. 0 to 30 MPH: 2 5 5 5 
Part thro. accel. 0 to 30 MPH: 7 7 7 
Tip-in 0·30 MPH: 6 7 6.5 
Crowds above so MPH: 7 7 7 
Road loads above 50 MPH: 7 7 7 
Tlp·ln aftur hot soak: 6 6 
Hot start time. .8 Sec. 

Idle QUal. inter. temp.: 6 7 6.5 
ICfle Qual. alter uiway oun. 3 7 G 6.5 ...... . .. ---. -
Idle Qual. after not soak: 5 5 
Thro, feel, travel, efforts: 

1. 
MILEAGE AT START 

Light surge 14" a nd"u~'O"'mph. 

2. Moderate hesitation 0-5 mph. 
MILEAGE AT FINISH 3. Slight regular 1 ope. 

VEHICLE EVA~UI\TIOt.l RATING SY~TEM 

-+--- Unacceptlbll ----1 B~~~:r: Acceptable J 
I 

1 I 2 I 3 I 4 '5 6 7 8 g 10 

PruduCI'oil ~ t;ICI 

Poor I CUll Border Barely Fair Gooo:t Very Excel· 
C""'') Ltne Accept Good lent 

Signatures: 

J 
F-2 



Vehicle Cold Starting and Driveaway Evaluation tests APPENDIX F 
,....... 

Start;ng Data Cranking Data This Data is Responsibil itv of Reauester 
Tes1 No. Ve~. No. C;uburelor Roch. 2V Oist .. Calibration No.: 

Cran!(-sp~ed 
s.,.s1ctn 

2 4'i01 Cu,ent Model Curve Cal 0 495 KJ 
Dale Vehicle M•~e & M.xlel Flow No. Ois1. NCI. PAS 0 0f!vel.:>ptn~nt 0 

10-?R-80 • 973 Imoa1a 
First-fire 

11 
Ban. Volls 

Fast Idle: lnitial6 ° IKJ Acceptable sec 
Room Temp. Vehicle Model Yc.Jr Curb Idle: 600 rpm @ 500 rom 0 Not Acceptable 

~ 973 
Eno-tcrrun 

1.15se 
St:ut-volts Throule ~•odularor: Signatures: 

Batt. Temp, Engine CID & No. Spar~ Modulator: 

350 
Aucmpts 

1 
Coil Volls 

Bi·mctal 

Drlveri <: MJ07nr Traos.THM-350 P/D & CIS o.,.n3monx'ter Scttinos 
Recorder:r-1 L ..... r .... ,. 56°F 

Soak Time 
17 hr. 

Ball. A.H. 
Inertia Weight: Weiss Toraue 

Obser·~cr: Tes:s Since Last Restriction lo<Jd: Windag~: 

Tire Press: 32 osi Oil Change: Soal< Temp. Starter Size 
Test Fuel: Pump Set a.: 

VACUUMS ENGINE-IDLE DRIVE ACCElERATION ROAD lOAD TE.MP {"F) 
. .; " Miloes Engine "' 

z c - .. :; .. II) 1 .!: > c: " Rer:-.arks "' e ... u c.o c: ..,_ ~· 
Ocfo. RPM c ; c: 'C "' ~ g c ... c 

" o- ~o~ 1~ 0 .. iC c: " .. .. .. "., .. ;; .. .t:. 0 0 c- c:c- J; c 
0 c 0 0 ;;; .. .. 0 rn:; .;; .. 1-U ..,o 0-<t u 0 u 0 ~ ... "' .J a: -' E "' .J .J "' 

.J u 
HI 

19 16 X 
N 

Cam 

Pul · 
Down 
HI 

14 13 ca., SL D 
Pull 
o-n 

40-60 tt, h3. 5 Ill ST. 11 X X X 

.2 n.5 0 ST 10 X X 

.4 In t:; 0 lx 7 X X 

.6 9·. 5 (I lx 8 . X X 

.a: 10 c I mod 3 X y 

1.0 10 0 mo<;l 10 X X 

1.2 ll 0 X 4 X X 
1.4 11 0 SL q X X 

1.6 11 0 SL 3 X X 

1.8 12 0 SL lwot X X 

2.0 12 0 SL 
2.2 

2.4 Tip In at: 

2.6 
: 

20 Mi'H OK 
2.8 2S MPH OK 
3.0 30 MPH OK 



Vehicle Cold Starting and Driveaway Evalu.3tion Tests APPENDIX F TABLE F-4 

Starting Data Crankirg Data This Data is Rcsponsibil itv of ReQuester 
Test No. \leh. No. Carburetor Roch. 2V Dist. Calibratiun No.: 

Cran~·soeed 
S1stem 

3 4501 Cuue111 Model Curve Cal 0 4!'5 6a 
Date Vehicle M~ke & 1\.odel flow No. Dist. No. PAS 0 O~vet.,pm~nt 0 

11-10-80 Chevv Imo~:la 
f i<st·fire Ban. \loll~ 

fast Idle: Initial 60 g) Acceptable 

Room Temp, V"hicle Model Yu<.r Curb Idle: 600 rom @ 500 rpm 0 Not Accept.oble 

71 ') 0 1973 Eng·10·'"'" 2 2 sec St~ti·YOIIS Thronle ~lodulator: Sion.Jtutes: 

Ban. Temp, Engane C ID & No, Spar~ Modulator: 

350 A11crnpts 1 
Coil \lolls 

Bi-metal 

Dri--er: .T All;.::nn Trans. THM 350 P/0 lo CIS o~namom<'ter Se1tinns 

Recorder: Hall L-T ... ,. 50°F 
Soak lime 18 hrs Ban. A.H. 4000 lbs R. Toraue Inertia !,••;('ighl: 

Observer: Tests Since Last Restriction Load: 12 Hp Windage: 
The Press: 40 ps1 Oil Change: Soak Temp, 

60°F Starter Size 
lest Fuel: Indolene Set 81: J. Allison 

VACUUMS EN·::iiNE-IDLE DRIVE ACCElERATION ROAD LOAD TE.MP ('F) 

" a.tiles Engine ] Q E • c c :i .. ! 1 1 Re,..arks 
Odo, RPM c "& ~ :i e .. c " .,o o- .a-; = "' ~ 

c .. 1 .... 1:t 0 c ::J .. .. u 0 .. 0 0 c:c- ~ c: .. -.; iC .. :; ::J c 0 ;; .. c-
::If 0 0 0 .;; 0 ., 0 " v;:.; .;; u 1-V ... o V-< u 0 u 0 .... Cl) ...J "' ...J Cl) ...J ...J CD :r "' 

...J 

HI 
9.l 16. c 

N 
Cam X 
Pull 
Down .. 
Hi 
Cam i¥1.25 b. 3.2 c X 0 
Pull 
Down 

40-60 It, 13 u= X X X 
.2 14 0 SL X X X X 

.4 1.315 0 SL X X 

.6 tn.75 0 ~~~ X X . 

.a In .5 0 SL X X 

1.0 bJ, 5 0 SL ' X X 

1.2 hu 11 0 SL X X 
1.4 700 3.5 0 SL X X 

1.6 700 l~ 0 C:T X X 
I 

t.B 

2.0 

2.2 

2.4 Tip In at: 

2.6 20 MPH OK 
.a 2S MPH OK -

~ 
.0 30 J,IPH OK -



Vehicle Cold Starting and Driveaway Evaluation Tests APPENDIX F 
-

Starting Data Cranl<ing Data This Data is Resnonsibilitv of Reauester 
Tes1 No. Veh. No. Carburelor Roch. 2V Dis I. Calibration No.: 

Crank·speed 
Sy-stem 

t. 4501 Curtent Model Curve Cal 0 495 0 
Date Vehicle Ma~e & Model 1.8 Flow t<lo. Dist. No. PASO De'-'el.)prnent 0 
11-24-80 Cheuv Tmn:>l:> F lrst·iioe sec Ban. Valls 

Fasl Idle: ~nitial 6 ° (lg Acceptable 

Room Temp, Vehicle Model Year 1.8 Curb Idle: 600 rpm @ .500 rom 0 Nol Acceptable 

1973 Eng·to-run sec Stllrt•volts Throttle ~.todul.1tor: Signatures: 

Ban. Temp. Engine ClD & No. Spark Modul~lor: 

350 Attempts 1 Coil Volts 
Bi-metal 

Drl....,r: S. Mazor Trans.THM- 1 c;n P/D & CIS Oynamorn('ter Settinns 

Recorder:M. 47°F 
Soak TiMe Ball. A.H. 

lncnia Weight: Weiss ·Low T ... .,. TorQue 

Obser~er: Tests Since Lasl Restriction Load: WindagtJ: 

Tire Press: 32 ps1 Oil Change: Soak Teonp. 
64°F 

Starter Size 
Test Fuel: Pump Set Bf: 

VACUUMS ENGINE-IDLE DRIVE ACCELERATION ROAD LOAD TE.MP ('F) 

" • u 
-.lites Engine .. .E " c -.. :; .. Q) 1 Rer..arks .: > c: .. I! ;; :; e ... u .,o c: D- .Jt. 
Odo. RPM c ;; " .. J c c: .. c 

" o- ~'"~ 1:t 0 c 
iC c: " .. ;; .. " u "c " ;; Cl I! 0 0 c- c:c- ~ c: 

" ~ 0 0 .;; o'" .. 0 " en:: .;; " 
., 

t-V ... o U-< 1.) 0 I) 0 :I; 0 w "' 
_, a: ... e "' 

_, _, 
"' l: "' 

_, u 
HI 

1C} ~ 16 X 
N 

Cam 

Pull 
Down 

-·. -
Hi 
Cam .](,.5 13 X 0 Pi..u 
Down 

4o-60 h, H.5 12 X 10 X X 

.2 4.5 12 X 8 X X 

.4 13 11 X 7 X X X X 

.6 15 0 X 111 X X 

.B 1:1.5 0 X 5 X X 

1.0 4. c 0 X 9 X X 

1.2 ¥.. 5 0 X 3 X X 

1.4 ~-5 0 X wot X X 

1.6 ~.0 0 X 12 X X I 

1.B 15 0 X 10 X X 

z.o 
2.2 

. 2.4 Tio In at: 

2.6 20 MPH OK 
2.8 25 MPH OK 
3.0 30 MPH OK 



Vehicle Cold Starting and Driveaway Evaluation Tests AFPENDIX F TABLE F-6 

Starting Data Cranking DCI!a Thi; Data is R~sponsibilit of Requester 
( Test No. Veh. No. Carburetor Micro-carb Oist. Calibration No .. : 

s,stcm 

5 
Crank-spe-a--:1 

c~rrent Model Curve Cal 0 495 Ga 
, Date Vehicle Make & Mooel Flow No. Oist. No. PAS 0 D~vel.:>pment 0 

1-15-81 1973 Imoala First-lire 
1 s~c 

Bettt. Volts 
Fast Idle: Initial 60 0 Acceptable 

R·aom Temp. Vehicle MOOel "·car Curb Idle: 600 rom @ 500 rom 0 Not Acceptable 

1973 
Eng·to--run 

2 sec S·art-volts Throule Moduf..ltor: Sion.Jtures: 

Batt. Temp, Engine CIO & No. Spark Modulat:Jr: 

350 
Anempts 2 

Coil Volts 
Bi-metal 

Drlver:g. Mazor TransTHM-350 P/0 & CIS .135 O~nan>:ln•"er Settlnos 

Recorder: M. WPi!':!Cl 48°F 
Soak Time 

17 hrs lbtt. A,H. 
L- Temp. Toraue Inertia ~·e-ight: 

Observer: Tests Since last Restriclion load: Windag~J>: 

Tire Press: Oil Change: Soak Temp. 
60°F 

Starter Size 
Test Fuel: Pump Set By: 

VACUUMS ENGINE·IOLE OR VE l•CCELERA TICN ROAD >.OAO 
I 

TE.MP {"F) 

" Mites Engine • u! a ~ " c - .. :i .. 
~ 1 ~ =>I c: " c: Rer.-.arks 

Odo, RPM ;; :;< u c.o D-c ;; c: 'C a J c. ;; E., c: 
~ -;_ ~ .. ~ .::t 0 .. 1: a; r: :lJ .. .. u 

~E ;; ;; 
., 

~ 0 0 c:- c:c- .t:. c: 
::; 0 0 0 rii 

0 .. .. D 0 .. .;; .. .. u ... o U-< t.JO t.J 0 w "' ..J a: -' E "' .... .... ., r.>..::: II) .... t.:· 

HI 
17 17 

N 
Cam i 
Pull 
Down 

-·· 
Hi 
Cam XX 

0 
Pull 
Down 

40-60 It, t3 5 13.5 X X 

.2 lt..5 lll 5 SL 15 X X 

.4 
Ill 5 lll. 5 SL 12 X X 

.6 14 14 ISL 8 X X. X 

.8 
14 14 X 7 X X 

1.0 13 5 13.5 4-
i 

X SL X 
I 

1.2 
13 13 SL 6 X X 

I 

1.4 
14 114 SL ~OT: X X : 

1.6 14 114 SL 7 X i X 

1.8 14 114 SL wot X )i 

2.0 13 tl.3 ST. 13 X X 
2.2 13 tl3. 5 X SL 3 X X 

2.4 wet X Tio In at: 

2.6 r~t' we X 20 Mi'H OK 

2.8 ~ 1!>MPH OK r-
30 MPH OK ...... 



>r. 
I 

Vehicle Cold Starting and Oriveaway Evaluation Tests APPENDIX F TABLE F-7 
- .. Starting Data Cranking Data This Data is Responsibil it 
Tes1 No. Veh. No. Carburelor Micro-carb Dis I. 

s,..slern 
6 450~ 

Cranlt·speed 
Curreot '-lode I Curve 

Dale Vehicle Mo~e & '-lo>del 2. 1 Flow No. Dis1. Nn. 

1-16-81 Chevy Impala Flrst·fite sec Ball. Volls 
Fas1 Idle: Initial 60 

Room Temp. Vchiclg Model Yc.:u 11. 1 Curb Idle: 600 rpm @ 500 rpm 
1973 Eno·to-run sec Start•volts Throttle Modulcuor: 

S;ul, Temp, Engine C 10 & No, Spar~ Modul~lor: 

350 
Allcmpls 

5 
Coil Volls 

Bi-metal 

Orlyer:M. Weiss Trans.THM-350 P/0 & C/S .135 Oyn~momo:-1er Scnfngs 

Recorder:S. Mazor 47°F 
So"~ Time 

19 hrs 8"11. A,H, 
Inertia Weight: Low T~"'l' Toraue 

Observer: Tests Since Last Restriction lo.,d: 
Tire Press: 011 ChJnge: So"~ Temp, 

60°F Starter Size 
Test Fuel: l:"'ump Set Bf: 

VACUUMS ENGINE-IDlE DRIVE ACCElERATION ROAD lOAD TE.MP (•F) 

• u " Miles Engine Cl "' c -.. :; .. Q) 

"' ~ > c , c ~ -.; e, c u eo ~- .a-Odo. RPM i ;; "C Cl ~ i c -.; :> ~co~ l:t c: 
iO r: :> .. ; .. .. :>., .. ; .. 

"' 0 0 c- c:c-.. 
0 c 0 0 cii .H " 0 u;:: cii 

.. .. .. u wO U-<t t.) 0 2 w C/1 ..J a: "' ..J ..J r "' ..J u 
HI 

..X. 
! Cam 

N 
Pull I 
Down 

. -
HI 
Cam XX 0 
Pall 
Down 

40-60 ft, 
~ 3 ]Q._b ..X. 10 X X 

.2 tJ5. 'i i1s B _X_ 12 X X 

.4 tiH. 5 15.0 _X_ 9 X X 

.6 h4 .2 ]Q .6 ..X. 8 X X X 

.8 14 tiH. 5 ..X 1? X X 

1.0 
14 lilt_ .': ...X 6 X X 

1.2 ti4 'i 14 X :.vot X X 
L4 

14 ~.5 ...X 3 X X 

13.8 tiH. 4 X 
-.TOt 

(X) 1.6 lil-, X X 

1.8 1¥..6 lis. 2 _X 2 X 

2.0 
111.8 llt+_.2 X 5 X 

2.2 

2.4 

2.6 

2.8 

3.0 

of ReQuester 

Calibration No.: 

Cal 0 4!>S ~ 

PAS 0 D~Jvel.)pmt:nt 0 
0 Acccplablo 

0 No! Accepwble 

Sign.ltu,es: 

Windagl): 

1 Rer.->arks 
0 

.1:. c 
t.) 0 

Tip In a1: . 

20 MPH OK 
2\>MPH OK 
30 MPH OK 



"l 
I 

00 

Vehicle: Chevy Impa.l a 

Vehicle No: 4501 

Mods: Baseline 

DYNAMIC 

Max 
Latera I 
Accel. ld le 

Test (ft/sec2) Effects 

Right Turn 22+ None 

left Turn 26 None 

Forward Decel . 30 Stall 

Forward Oecel . 25 None 

Forward Decel. 30 Stall 

Backward Oecel. 18 None 

Backward Decel . 16 None 
-

Backward Oecel. 16 None 

Forward Acce 1 . 11 None 

Forward Accel . 14 None 

Forward Accel . 14 None 

Backward Accel. 10 None 

Backward Accel. 11 None 

Backward Accel . 11 None 

I __ 
I 

APPENDIX F Name: M. F. Weiss. S. 0 Mazor 
TABLE F-8 

A~GULARITY EVALUATION FJRM Date: November 24. 1981 

r4i I es:. 85857 

STATIC 

. 
In it. Idle Final Idle 

Remarks Test vac. -<in Hg) vac. -< in Hg > Remarks 

- Sl. Loading 
Front up 10° 19.25 18.4 Rich 

- Back· UP 10° 1:'.5 
Very Rough 

17.0 Lean 

Immed. S.ta 11 Riaht UD 13° 13.0 17.4 Sl . Rouah 
- Left UD 11 . 5° P.4 17.2 No Chanae 

Immec:!. Sta 11 Front up 16° n.2 18.8 Very Sl . Rouah 
- s·l. Rough 

Back UD 16° 16 .... 5 16.5 + .5 Lean 

- Front uo 1 o 17.6 + ~ 17 .2 + 2 Level 

-

-

- ~ 

-

-

-

-

-I 



APPENDIX F 
·:· 

--
1 icle: Chev't· Impala 

TABLE F-9 
Name: M. F. Ueiss, S. D. .Mazor. -

·-
Vehicle No: 4501 ANGULARITY EVALUATION FOR~'J Date: January 13 1981 

Mods: Micro-carburetor Miles: 86115 

DYNAMIC STATIC 

Max 
Latera I 
Acce I. ld 1·3 In it. Idle Final Idle 

Test (ft/sec2) Effects Rem,.rks Test vac.,...,(in Hg) vac. -<in Hg) Remarks 

Forward Decel 29 None - Level 0° 18 + .5 17 5 + 5 ISl Deterioration 

-
Forward Decel. 27 None Front un 10° 17.5 + .5 16.5 + .5 Mod. Deterioration 

Backward Decel . 20 Nr. Stall Soi n out Back UD 13° 18.25 ± .25 16.5 + . 75 Sl. Deterioration . 

Eackward Decel. 15 None -
Front uo 14.5° 17 ± .5 16.75 + .5 Sl • Deterioration 

Major Increase -Backward Dece 1 . 18 None Back uo 17.5° 17.5±.25 19.75 ± 0 in rpm 

Forward Accel 10 None - Right up 12° 18 ± .5 17 ± .25 No Deterioration 

F::>rward Accel. 10 None 
- Left up 12° 17.25 ± .5 16.5 ± .5 Sl .Deterioration 

-Backward Accel . 11 None 

Backward Accel . 11 -None 

-Backward Accel. 11 None 

-
Left Turn 27 None 

-
Left Turn 29 None 

-
Left Turn 28 None 

-
Ri oht Turn 31 None 

Rioht Turn 30 None -

-_R_i_q_ht Turn 31 Non!'> 

Ri::Jht Turn 30 None -




