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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, Transportation 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 of this project.
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1. INTRODUCTION

The data acquired from tests of a 1975 Ford 140-CID engine are
presented in this report. This engine is used by Ford in the subcompact
vehicles (Pinto and Bobcat). The test results are sufficient to establish
steady-state maps for fuel consumption and emissions (carbon monoxide,
unburned hydrocarbon, and oxides of nitrogen) over the entire operating
range of the engine.

The objective of this program is to obtain 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

A list of general engine specifications for the Ford 140-CID, 2V
engine are given in table 1. The engine tests were Tun using a single
batch of unleaded regular grade gasoline; the fuel analysis is given
in table 2.

The engine was mounted on a test stand and coupled to an eddy-
current dynamometer. Engine cooling was provided through the use of
a cooling tower instead of a radiator and the fan was not included in
the test installation. The engine was equipped with an alternator
but it was not wired into the engine's electrical system. The emission
control systems included exhaust gas recirculation (EGR) and air injection
(Thermactor).

The engine was operated at various speeds and loads designed to
approximate road-load conditions over a 40-hour period for break-in.
Details of the break-in schedule are given in table 3. The engine
tests began on February 21, 1976 and ended on April 1, 1976 giving a
total engine operating time of about 85 hours. The engine was tested
while operating at the following steady-state modes:

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

Loads: 0, 10, 25, 40, 60, 75, 90, 100 pct of full load (repeats
at 0, 25, 40, 60 pct of full load)

Idle speed loads: 0, 3, 6 bhp (repeats at each condition)

Total number of test modeS. ... v envnennnnnnn 71
Repeats. ..ot it i et et 34
Total number of teStS.....vevrrrienrenennnnn 105

The following data were recorded:

Test number

Date

Barometric pressure, mm Hg
Dew point, °F

Inlet air temperature, °F

Speed, rpm
Torque, 1b-ft -- BLH strain gage load cell; Daytronics indicator
Fuel rate, 1b/hr -- Fluidyne positive displacement fuel flow meter

Ignition timing, °BTC



Manifold vacuum, in. Hg
Throttle angle, degrees
CO, pct -- Beckman NDIR
COp, pct -- Beckman NDIR

07, pct -- Beckman polarographic detector
HC, ppmC -- Custom-built heated flame ionization detector
NOy, ppm -- Thermo-Electron chemiluminescent detector

0il temperature, °F

0il pressure, psig

Coolant temperature, °F

Exhaust temperature, °F

Exhaust pressure, in. Hp0
Intake manifold temperature, °F

The computed data include absolute humidity (grains/1b dry air),
power (bhp), air-fuel ratio (includes air injection), and emission
rates of carbon monoxide (CO), unburned hydrocarbons (HC), and oxides
of nitrogen (NOy) in grams/hour. The following equations were applied
in the computations:

_ D- 1.4
W= exp [12.02([)—+—21—2)]
_ 4348 W
H=g5—v
o [NxT) [736.6] [e + 460 0.5
5252 B-W| | 545
NO, co + co,
(CO) + 2(CO,) + 2(0,) + o4 | + 3.148 (co,) \Co + 3C0,
A/F = 4.895

HC CO + CO2
(CO) + (CO,) + Tﬁ“)[l + .03148(C0,) CG“I‘BCOZ

The equation for A/F is based on:
1. Fuel = CH2.099

. o (CO) (H,0)
2. Water-gas-shift equilibrium constant = TEBET—TH;T =3

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

4. ALl NO, is NO.



Mol. wt CO

Mass CO = (Exhaust flow rate) x (CO) x Mol. wt exhaust
X correction for water removal
. 1

Mass CO = 4.383 (F) (A/F + 1) (CO) O % COZ

1 + .03148(C02) COo + 3CO2
Mass HC = 0.0002207 (F) (A/F + 1) (HC)

1
Mass NOx = 0.0007201 (F) (A/F + 1) (NOX) o+ COZ X KH
1+ .03148(C02) CO + 3C02

K 1

H™T1- .0047 (H - 75)

where A/F = air-fuel ratio
B = barometric pressure, mm Hg
CO = carbon monoxide concentration, vol pct
CO2 = carbon dioxide concentration, vol pct
D = intake air dew point, °F
F = fuel rate, 1lb/hr
H = humidity, grains H20/1b dry air
HC = unburned hydrocarbon concentration, ppmC, vol
KH = humidity correction factor
N = engine speed, rpm
NO = nitric oxide concentration, ppm, vol

NO_ = nitrogen oxides concentration, ppm, vol



oxygen concentration, vol pct
corrected power, brake horsepower
intake air temperature, °F
Torque, ft-1b

water vapor pressure, mm Hg



TABLE 1. - Manufacturer's engine specifications
Model No. 2.3 "A" (EGR-AIR)-R2

Displacement..........civeiiinnnnnennnn 140 cubic inches (2,300 cc)

Maximum horsepower..................... 85.5 at 4,800 rpm

Maximum torque...........ceiiiinieenonn. 113 at 2,600 rpm

Bore and stroke..........iiiiniiiinnn. 3.78 in. x 3.126 in.

Configuration......evivierennveneennnnnn In-line 4-cylinder with OHC

Compression ratio............cooovv.. 8.4

Firing order.........cciiiiiiinnnnnnn. 1-3-4-2

Ignition timing at idle speed:

Manual transmission............... 6° BTC at 850 rpm
Automatic transmission............ 6° BTC at 750 rpm
(in drive range)

Block material.........cciiiuininnnnnnn Cast iron

Head material..............c.viiuen.... Cast iron

Number of crank shaft main bearings.... 5

Number of compression rings/piston..... 2

Number of oil rings/piston............. 1

Camdrive.......coiviiiiiiiiiinnnnaan, Notched belt and sprocket

Valve port size:

Intake........ oot 1.736 in.
Exhaust........cooiiniiiiiiinennn, 1.500 in.

Theoretical valve 1ift at zero lash:
Intake........coiiiiiiiiiiiiiien, 0.4000 in.
Exhaust.......coviiiiiiiniiiinnnn. 0.4000 in.

Valve timing:

Intake, OpPeNS....cvvvevenenenenenen. 22° BTC
Intake, ClOSES..v.rererennnneennnn 66° ABC
Exhaust, Opens........eceouveoeon.. 64° BBC
Exhaust, ClOSE€S....viuenusennennnn 24° ATC

Spark PlUZ AP ... vevvuenunnenaneeennnnn .032-.036 in.

Engine weight........ ..oy 350 1b

Air-injection system:

Pump type.....covveiiiiiiinnnnnnn. 2-vane positive displacement
Air delivery point................ Exhaust manifold

Exhaust-gas-recirculation system:

Valve type...cvvviiiiiiiiniennnnn Internal tapered stem type
Control signal.................... Manifold vacuum
Point of discharge................ Intake manifold

Crankcase emission control:

Control method.................... Positive crankcase ventilation
Point of discharge................ Intake manifold

Carburetor type......coviiiiiiiinnnns Two Venturi, staged (D52 E-9501-BA)

Distributor specifications: (D52E-12127 EASA2)

Centrifugal advance, begins....... 0-2° @ 675 distributor rpm
Centrifugal advance, full......... 14° @ 2,250 distributor rpm
Vacuum advance, begins............ 4 in. Hg manifold vacuum
Vacuum advance, maximum........... 5-1/4° @ 7 in. Hg vacuum




TABLE 2. - Fuel specifications

Fuel No...viiiiii ittt eeiiinanan 7602
Research octane No..........c.cevvvnunn... 91.5
Motor octane No....... vvvvvvoneennnnnenn 83.8
Reid vapor pressure, psig......e.oeeueue.. 11.9
Distillation, °F:
10 pete e e 134
L O T o A 214
L T T 388
100 peten i e 418
API gravity, degrees......c.ovvveneennnnn. 67.0
FIA analysis, pct:
Aromatics...vvieiiiiiierinnenennnann 11
Olefins....ciiiininninrnnnenenaannas 16
Paraffins...........oiiiiivinnnn.. 73
Sulfur, pet.....eeien i iinenrnennnn. .0240
Lead, g/gallon.......ccvuininennnnnnnnnn, Trace
Hydrogen to carbon ratio............c..... 2.09

TABLE 3. - Engine break-in schedule

Simulated vehicle Engine speed, Manifold vacuum, Fraction of
speed, mph Tpm in. Hg time in mode
0 700 (idle) 15.2 1/10
20 1,200 15.1. "
30 1,600 13.8 "
40 2,000 11.3 "
50 2,450 10.4 "
60 2,900 9.8 "
25 1,400 14.5 "
35 1,800 12.1 "
45 2,200 10.9 "
55 2,650 10.1 "

Mileage per cycle = 90 miles.
Total mileage accumulated over the 40-hour break-in period = 1,440 miles.



3. DISCUSSION OF TEST RESULTS

Engine performance data show good repeatability. Brake horsepower,
torque, and brake specific fuel consumption (bsfc) at wide open throttle
(WOT) for various engine speeds (figure 1) show results typical of
gasoline engines and are in fair agreement with the specifications given
in table 1. The computation of air-fuel ratio was influenced by the
operation of the air-injection system, especially at low power output
levels. The air-fuel ratio versus power trend (figure 2) was repeatable
for each engine speed throughout the entire operating range of the engine.
The air-injection system promotes the oxidation of unburned HC and CO
by introducing the air into the exhaust stream at a point where the gas
temperatures will support combustion. This system maintains low CO and
HC emission rates (figures 3 and 4) except near WOT. The NO, emissions
(figure 5) were well-controlled throughout the tests and showed peak
emission rates typically near 75 pct of full power for any given engine
speed. This is indicative of an engine with enrichment near WOT conditions.
Fuel rates were found to be nearly linear with power up to about 75 pct
of maximum power for any engine speed. Minimum values of bsfc can be
found near this condition.



4. CONCLUSIONS

The repeatability of emission rates and fuel consumption was
satisfactory for the purposes of this test.
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FIGURE 1. - Brake Specific Fuel Consumption, Torque, and
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Open Throttle~-Ford 140-CID, 2V Engine.
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HYDROCARBON, grams/hour
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FIGURE 3. - Hydrocarbon Emissions versus Power at

Various Speed and Load Conditions--
Ford 140-CID, 2V Engine.
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CARBON MONOXIDE, grams/hour
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FIGURE 4. - Carbon Monoxide Emissions versus Power
at Various Speed and Load Conditions--
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OXIDES OF NITROGEN, grams/hour
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FIGURE 5. ~ Oxides of Nitrogen Emissions versus
Power at Various Speed and Load
Conditions--Ford 140-CID, 2V Engine.
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