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PREFACE

This report, prepared by the U.S. Energy Research and
Development Administration, Bartlesville Energy Research
Center for the U.S. Department of Transportation, Transporta-
tion Systems Center, Power and Propulsion Branch, Cambridge
MA, presents results of an automobile engine test. This

represents one of a series of 1975 engines tested.

Mr. Ralph G. Colello is the technical monitor on this
project.
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1. INTRODUCTION

This report presents the data acquired from tests of a Chevrolet
4-cylinder, 140-CID engine. This engine is used in the Chevrolet Vega
and Monza and Pontiac Astre automobiles. The test results are suffi-
cient to establish the steady-state maps for fuel consumption and
emissions (carbon monoxide, hydrocarbon, oxides of nitrogen) over the
entire operating range of the engine. This engine is one of a series
of engines tested or to be tested. .

The objective of this program is to obtain automotive engine
performance data for estimating emissions and fuel economy in varied
service and duty. The intent of this work is to provide basic engine-
characteristic data required as input for engineering calculations
involving ground transportation.



2. ENGINE TEST REPORT

The manufacturer's specifications for the Chevrolet 140-CID engine
are given in table 1. A single batch of regular unleaded fuel was used
throughout the test; fuel specifications are given in table 2. The
engine was operated at various speeds and loads over a 45-hour break-in
period; details of the break-in procedure are given in table 3. The
total engine operating time was about 95 hours. The period of testing
was August 23 through September 8, 1975.

The engine was mounted on a test stand and coupled to an eddy-
current dynamometer. The engine was complete, except for fan (a cooling
tower was used instead of a radiator). Emission control systems in-
cluded exhaust-gas-recirculation (EGR), evaporative control charcoal
canister, high energy ignition system, and a catalytic oxidation system.
The exhaust system configuration was similar to that used in the Vega
automobile. ©No alternator was included in the test setup. The engine
was operated at the following steady-state modes:

Speeds: 1,000; 1,500; 2,000; 2,800; 3,600; 4,400 rpm

Loads: 0, 5, 10, 15, 25, 50, 75, 90, 100 pct of full load
(all repeated except for 4,400 rpm modes)

Idle: no load, load equivalent to transmission in drive
(both repeated)

Total number of tesSt MOdeS. e v et et s eeeeenoannneess 56
RepeatsS. cveeieenecnerenenennns e te et et 47
Total number of testS....v.veueeaen s e e e 103

The following data were recorded:

Test number

Date

Barometric pressure, mm Hg
Dew point, °F

Inlet air temperatures, °F

Speed, rpm

Torque, 1b-ft —- BLH strain gage load cell; Daytronics indicator

Fuel rate, 1b/hr -- Fluidyne, positive displacement volumetric
flowmeter

Ignition timing, °BTC
Manifold vacuum, in. Hg
Throttle angle, degrees
CO, pct —-- Beckman NDIR
COy9, pct -- Beckman NDIR



0y, pct —- Beckman polarographic detector

HC, ppmC -- Custom-built heated flame ionization detector
NOyx, ppm —-— Thermo-Electron chemiluminescent detector

0il temperature, °F

0il pressure, psig

Coolant temperature, °F

Exhaust temperature, °F

Exhaust pressure, in. Hp0

Exhaust composition, temperature, and pressure were determined
before and after the catalyst. The computed data include absolute
humidity (grains/1lb dry air); power (bhp); air-fuel ratioj and emission
rates of carbon monoxide (CO), unburned hydrocarbons (HC), and oxides
of nitrogen (NOX) in grams/hour. Exhaust emission rates were computed
for two cases——with and without the catalyst. The following equations
were applied in the computations:

_ D-1.4

W = exp [12.02 (5—I—§IE)]
4348 W

i=35_"Ww

» [N x 1) [736.6) [£ 4 460 g3
5252 \B - W | 545

(CO) + 2(COp) + 2(0y) +

NO

Co + CO2
CO + 3C0,

co + CO2
CO + 3COp

10“) + 3.148 (CO,)
A/F = 4.895

HC
(CO) + (COp) + (16“)[1 + .03148(C0p)

The equation for A/F is based on:

1. Fuel = CH2.099

(CO)  (Hy0)
(Coy) (8

2. Water-gas-shift equilibrium constant =

3. HC was determined on a raw exhaust basis, all other species
measured on a dry basis.

4. All NOy is NO.



Mol. wt CO
Mol. wt exhaust

Mass CO = (Exhaust flow rate) x (CO) x

X correction for water removal

Mass CO

4,383 (F) (A/F + 1) (Co) O+ o
2
1+ .03148(002) (co + 3002)

Mass HC = 0,0002207 (F) (A/F + 1) (HC)

1
Mass NOx = 0.0007201 (F) (A/F + 1) (NOX) T C02 X KH
1+ .03148(C02) Co + BCO2

1
H 1 - .0047 (H - 75)

where A/F = air-fuel ratio

B = barometric pressure, mm Hg

Q
o
I

carbon monoxide concentration, vol pct
COp = carbon dioxide concentration, vol pct
D = intake air dew point, °F
F = fuel rate, 1lb/hr
H = humidity, grains H0/1b dry air
HC = unburned hydrocarbon concentration, ppmC, vol
Ky = humidity correction factor
N = engine speed, rpm
NO = nitric oxide concentration, ppm, vol
NOx = nitrogen oxides concentration, ppm, vol

02 = oxygen concentration, vol pct

4=



W

It

corrected power, brake horsepower
torque, ft-1b
intake air temperature, °F

water vapor pressure, mm Hg




TABLE 1. - Manufacturer's engine specifications

Displacement: 140.0 cubic inches
Maximum horsepower: 87 hp at 4,400 rpm
Maximum torque: 122 1b-ft at 2,800 rpm

In-line 4 cylinders
2 bbl carburetor
Bore and stroke: 3.500 x 3.625 inches

Compression ratio: 8.00

TABLE 2, - Fuel specifications

Fuel NO.:eeoscososossosccosnossossasscnsosss 7516
Research octane NUmMbEer....cceceesossossss 91.0
Motor octane number.....ccceceocsesossces 83.5

Reid vapor pressure, pSif.csseesescoccsces 9.86
(by micro vapor pressure test)

Distillation, °F:

10 pct.l'......I.............l.‘.'..l. 125
50 PCtueenceecanoosscncoscocsancosnnne 212
95 PClusscesosoosssssosssnsssssccssonsa 390

100 pCtuveseeeeeeenencancosoacsosnenns 416
APT gravity, ®ieeeececesssccvescccscocss 66.1
FIA analysis, pct:

AYOmMAtiCSeeescecococcoscocccococsosnosse 11
OlefinsS..ceeeesesceeeacceconsnpsnnnnas 15
ParaffinS.eieeecoccesesocecsocacsoosnes 74

Sulfur, pPCtuicieecscssacoscsceccossesnssees 0.0288

Lead, g/gall0n..ceescccsesesnccasonasness Trace




TABLE 3. - Engine break-in schedule

Simulated vehicle Engine speed, Manifold vacuum, Percent of
speed, mph rpm in. Hg time in mode

20 800 15 25

30 900 13.5 25

40 1,000 10.0 25

50 1,600 6.0 25

Total number of simulated miles prior to testing = 1,600.



3. DISCUSSION OF TEST RESULTS

The engine data (shown in figures 1 through 6) were highly repeat-
able except for air-fuel ratio (figure 2)., The cause of this variation
has not been determined but could presumably be due to minor leaks in
the sampling system or in the determination of oxygen concentration.

In the computation of A/F oxygen concentration has a strong influence
on the calculated result for mixtures in the vicinity of stoichiometric.

Plots of engine performance versus engine speed at wide-open-
throttle (WOT) are typical of spark ignition engines (figure 1). The
brake specific fuel consumption (bsfc) data did not repeat accurately
at low engine speeds (below 2,000 rpm). This discrepancy could be
attributed to slight inaccuracies in fuel consumptiontion; however, the
bsfc trend is discernible.

The carburetion system maintained lean air-fuel mixtures over a
wide range in speed and load with significant enrichment only at WOT
modes (figure 2)., The maintenance of lean operation is further demon-
strated by the effect of operating mode on CO and HC emissions (figures 3
and 4). The catalyst was highly effective in promoting oxidation of CO
and HC at conditions other than WOT where there was insufficient oxygen
available for oxidation.

Emissions of NO, are typical of spark-ignition engines which
operate lean over most of their range with enrichment at WOT. The
overall low level of NO, emissions is due primarily to high EGR rates.
The EGR valve used in these tests was designed for use in California
production vehicles which have more stringent NO; emission control.
The catalyst caused minor reduction in NO, emission at most engine
modes. However, at engine modes where the air-fuel mixture was nearly
stoichiometric (A/F = 15), the catalyst effected major reduction in
NOy emission rate.



4, CONCLUSION

Repeatability of engine performance data was satisfactory. Emiszions
were well controlled over most of the engine's operating range due to a
combination of lean operation and effectiveness of the catalyst in pro-
moting post-combustion oxidation of the pollutants.
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BRAKE SPECIKIC
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FIGURE 1. - Brake Specific Fuel Consumption,
Torque and Brake Horsepower versus
Engine rpm at Wide-Open-Throttle--
GM 140-CID, 2V Engine.
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