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PREFACE

This report, prepared by the Energy Research and Development
Administration, Bartlesville Energy Research Center for the U.S.
Department of Transportation, Transportation Systems Center,

Energy Technology Branch, Cambridge, MA, presents results of experimental
work to obtain information on performance characteristics of an engine
used in automobiles sold in the United States. The engine used in

this work is one of a series of 23 engines to be tested in the current
program.

Mr. Ralph G. Colello, Department of Transportation is the
technical monitor for this project.
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1. INTRODUCTION

This report presents data acquired from tests of a Mitsubishi
Model 6DS7 diesel engine. This engine is imported by Chrysler and is
marketed as Chrysler Diesel Model CI655-100. The test results are
sufficient to establish steady-state maps for fuel consumption and
emissions (carbon monoxide, hydrocarbons, oxides of nitrogen, and smoke)
over the entire operating range of the engine. This engine is one of
a series tested or to be tested.

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




2. ENGINE TEST REPORT

General engine specifications for the Mitsubishi diesel engine,
Model 6DS7, are listed in table 1. The engine break-in and tests were
run using a single batch of No. 2 diesel fuel; an analysis of the fuel
is given in table 2.

The engine was mounted on a test stand and coupled to an eddy-
current dynamometer. The engine was complete except for a fan (a
cooling tower was used in place of a radiator). The alternator was
used but was not wired into a charging system.

The engine break-in consisted of 24 hours of operation at various
speeds and loads; details of the break-in are given in table 3. The

total engine operating time (break-in and testing) was approximately
110 hours. The period of testing was July 22-31, 1975.

Test data were collected at the following steady-state modes:
Low speeds: 900; 1,000; 1,100 rpm

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

High speeds: 1,500; 1,800; 2,000; 2,400; 2,800; 3,150 rpm

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

Idle: 0, 0.3, 1.1, 1.5 bhp plus lug (load equivalent to transmission

in drive) (repeated at 0.3 bhp)

Number of original tests............... 69
Repeats.....veiiiiieinnenieennoonancnns 33
Total number of tests................ 102 .

The following data were recorded:

Test number

Date

Barometric pressure, mm Hg

Dew point, °F

Inlet air temperature, °F

Speed, rpm

Torque, lb-ft -- BLH strain gauge; Daytronics meter
Fuel rate, lb/hr -- FLO-TRON linear mass flowmeter
Throttle angle, degrees

CO, pct -- Beckman NDIR



COy, pct -- Beckman NDIR

HC, ppmC -- Custom-built heated FID

NOx, ppm -- Thermo-Electron chemiluminescent detector
0il temperature, °F

0il pressure, psi

Coolant temperature, °F

Exhaust temperature, °F

Exhaust pressure, in. Hy0

Smoke, pct opacity -- Celesco in-line smokemeter

Air flow, 1b/min -- Meriam laminar flow element.

The computed data include absolute humidity, power, exhaust flow
rate, and emission rates of carbon monoxide (CO), unburned hydrocarbons
(HC), and oxides of nitrogen (NOx) in grams per hour. The following
equations were applied in the computations:

_ Dew pt. (°F) - 1.4
Hpy0 (mm Hg) = exp [12.02 ( Dew pt. + 212 )] s

4348 (HZO)
Humidity (grains H70/1b dry air) = ——x
Baro - HZO
0.7
t .+ 460
_|Speed x Torque 736.6 air
Power (th) ‘( 5252 ) (Baro - H O 545 ) i

Exhaust flow (1b/min) = Air flow (lb/min) + Fuel fégw (lb/hr)

Mass CO = (exhaust flow rate) x (concentration CO)
Mol. wt. CO .
(Mol. W exhaust) x (correction for water removal) ,
1
Mass CO = 0.0263 (exhaust rate) (ppm CO) o T C02 s
1 +0.03 C02 m
Mass HC = 0.0132 (exhaust rate) (ppmC HC) ,
1
Mass NOy, = 0.0432 (exhaust rate) (ppm NO,) o ¥ C02
-+ 0.03 Oslem 300,

x (humidity correction factor, KH),

400

Ky =75 -1 °



TABLE 1. - MANUFACTURER'S ENGINE SPECIFICATIONS

Model number.........ciiiiiiineinnneennnennnnnna. 6DS7
Displacement, cubic inches....................... 331.4
Maximum power @ 3,150 Tpm......covvtenuncnnnnnnn. 135
Maximum torque, lb-ft @ 2,000 rpm..........c..... 253
Configuration.......cociiiiiiiiinnnnnnennnnnnns in-line 6-cylinder
Bore, INCheS..iciiiieeiiiiiniiiieeenenennnnnneanas 3.86
Stroke, Inches.......cuiiiiiiiin e ncnnnnns 4.72
CombusStion SYSteM. ..o ivinueeerneeennnennnnoenns Precombustion chamber
Compression Tatio.......veeetiiineeenennnnennnnas 19:1
Firing order......coiiiiitiiinnnnienniineennnnnns 1-5-3-6-2-4
Fuel (minimum Cetane No.)}..........oivieeeennnnn. 45
Injection pressure, psi.........cccviiiiiiinnnnn. 1,775
Injection timing, “BTC......ccviiiviirneneenennnn 15
Block material........cciutiiiinneiinninnnnnnnnn Cast iron
Head material..........ciiiiiiiniinnnnncennnnnn. Cast iron
Number of crankshaft main bearings............... 7
Number of compression rings/piston............... 2
Number of o0il rings/piston..........cciivuevannn. 1
Cam drive. .. iiiiiiie it it innenenacannan Gear train
Valve clearance (cold):

Intake, inches....... ...ttt iiieenennns 0.012

Exhaust, inches..........ieiiiiiinennnnenn. 0.012
Valve port size:

Intake, inches......ciiiiiiiiiiiiinnnnns 1.889

Exhaust, inches........coutiiiiiiniinennnnnn 1.535
Valve timing:

Intake opens, “BTC......vvuevrinennnennennnns 30

Intake closes, “ABC.....c.cvvurnneennennannas 66

Exhaust opens, “BBC.......cveiienennnneennnn 66

Exhaust closes, °ATC...c..viierenrennnnnnnns 30




TABLE 2. - FUEL ANALYSIS

Fuel No.........ciiiiiiiiinnnnnn. 7559
API gravity, degrees.............. 35.8
Distillation, °F:
10 pct evaporated............... 400
50 pct T e 484
90 pct e T 576
End point............ ... ittt 616
FIA analysis, pct:
Aromatics....c.viiiiiiiiinnnan, 32.0
Olefins......ooviieiiinncnnnann. 4.0
Paraffins............ ... 0ian. 64.0
Sulfur, pct...ooiiiiiiiiniinnnnn, 0.24

TABLE 3. - ENGINE BREAK=~IN SCHEDULE

Engine speed, Torque, Time in
Tpm 1b-ft mode, hr
1,200 24 1
1,600 24 1
1,600 48 2
1,900 48 2
1,900 72 2
2,200 72 2
2,200 104 2
2,500 104 2
2,500 125 2
2,700 125 2
2,700 150 2
2,900 150 1
2,900 161 1
3,000 161 1
3,150 176 1

—_————

T —————————



3. DISCUSSION OF TEST RESULTS

Brake horsepower, torque, and brake specific fuel consumption are
shown plotted against engine speed (at full rack conditions) in figure 1.
The maximum brake horsepower and torque values quoted in table 1 are
somewhat higher than those shown here. Fuel rate at various load condi-
tions was repeatable over the entire operating range of the engine (figure 2).

Exhaust emissions of CO are shown plotted against power at various
engine speeds (figure 3). The exhaust emission rates of HC and NOx
(figures 4 and 5) are repeatable even at engine speeds below 1,500 rpm;
the size of the scale is such that the figures do not give this appearance
initially. A plot of exhaust stream opacity versus power (figure 6)
exhibits a dependence on power that is typical of diesel engines.



4. CONCLUSIONS

Repeatability of emission rates, fuel consumption, smoke levels, and
engine performance was satisfactory for the purposes of this test.
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FIGURE 1. - BRAKE SPECIFIC FUEL CONSUMPTION, MAXIMUM TORQUE,
AND BRAKE HORSEPOWER VERSUS ENGINE RPM AT FULL
RACK--MITSUBISHI DIESEL ENGINE.
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FIGURE 2. - FUEL RATE VERSUS POWER AT SEVERAL
SPEEDS-~-MITSUBISHI DIESEL ENGINE
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CARBON MONOXIDE, grams/hour

CARBON MONOXIDE, grams/hour
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HYDROCARBON, grams/hour
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OXIDES OF NITROGEN, grans/hour
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FIGURE 5. - OXIDES OF NITROGEN EMISSIONS VERSUS POWER AT
SEVERAL SPEEDS--MITSUBISHI DIESEL ENGINE.
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