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PREFACE

This report, prepared by the U.S. Department of Energy, Bartles-

ville Energy Technology 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 perfor-

mance characteristics of an engine used in automobiles sold in the United
States. The Oldsmobile 350 CID diesel engine used in this work is one
of a series of 15 engines to be tested in the current program. This is

the eleventh of the reports to be published covering work with those en-
gines. This project is funded by the National Highway Traffic Safety Ad-
ministration, Office of Research and Development, Office of Passenger
Vehicle Research, Technology Assessment Division.

James A. Kidd, Jr. of the U.S. Department of Transportation, Trans-
portation Systems Center, is the technical monitor.
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1. INTRODUCTION

The objective of this program is to obtain engine performance data

for estimating fuel economy and emissions for varied engine service and

duty. The intent of the work done at the Bartlesville Energy Technology
Center is to provide basic engine characteristic data required as input
for engineering calculations of fuel consumption and emissions involving
ground transportation.

The data acquired from tests of a 1978 Oldsmobile 350 CID diesel
engine are presented in this report. Oldsmobile uses the 350 CID diesel
engine in the Delta 88 and in the Custom Cruiser wagon with inertia weights
of 4,500 lb and 5,000 lb, respectively. The engine as equipped is intended
for use in a forty-nine state (Federal) vehicle with automatic transmission
The test results are sufficient to establish steady-state maps for fuel

consumption and emissions (carbon monoxide, hydrocarbons, and oxides of

nitrogen) over the entire operating range of the engine.
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2. ENGINE TEST REPORT

The engine test setup included a complete mean-tolerance engine (SAE

definition) coupled to aft eddy current dynamometer. A cooling tower was
used in place of the fan and radiator. The alternator was included but
was not wired into the engine's electrical system. The emission control

systems included positive crankcase ventilation. The manufacturer's en-

gine specifications are listed in Table 1.

Prior to testing, engine break-in consisted of 40 hours of operation
at various speed/load modes representative of normal engine operation.
Table 2 contains details of the break-in schedule. A single batch of No. 2

diesel fuel was used throughout the break-in and test; a detailed fuel

analysis is given in Table 3. Engine testing began on August 11, 1978, and
ended on September 26, 1978.

During steady-state tests the engine was operated at the following
speed/load modes:

Speeds: 1,000; 1,300; 1,600; 2,000; 2,500; 3,000; 3,600 rpm

Loads: 0, 10, 25, 40, 60, 75, 90, 100 pet of full load

(0, 10, 25 and 40 pet points were repeated at
all engine speeds)

Idle speed/load modes: 750 rpm -- 0 lb-ft
600 rpm -- 0 lb-ft

Over speed mode: 3,850 rpm — 161 lb-ft (full rack)

Total number of test modes 59

Total number of repeats 97

Total number of tests 156

The following data were recorded for each test point:

Test number
Date
Data source code
Barometric pressure, mm Hg

Wet bulb temperature, °F

Dry bulb temperature, °F

Speed, rpm
Torque, lb-ft — BLH strain gauge; Daytronic indicator
Fuel rate, Ib/hr -- Fluidyne positive displacement fuel flow meter
Rack position (throttle angle), degrees
CO, pet -- Beckman NDIR

2



C02 ,
pet -- Beckman NDIR

0 2> pet -- Beckman polarographic detector
HC, ppmC -- Custom built heated flame ionization detector

NOx, ppm -- Thermo-Electron chemiluminescent detector
Oil temperature, °F

Oil pressure, psi

Coolant temperature, °F

Exhaust temperature, °F

Exhaust pressure, in. H2 0

Smoke, pet opacity -- Celesco smoke meter
Particulate, mg/m3 — Ikor air quality monitor, Model 206

The computed data include absolute humidity, power, and emission
rates of carbon monoxide (CO), hydrocarbons (HC), and oxides of nitro-

gen (NOy) in grams per hour. The following equations were applied in

the computations:

1. Partial pressure of water vapor in intake air
(millimeters of mercury):

P
v
= exp [l8.717 -

3$^J
- JTSO

T
w = Wet bulb temperature, °F

Tg = Dry bulb temperatue, °F

P^ = Barometric pressure, mm Hg

Humidity (grains moisture per pound dry air):

.. _ (
4347 - 3

) (
p
v )

Pb- P
v

3. Corrected brake horsepower:

T = Brake torque (lb-ft)
N = Engine speed (rpm)

3



4. Fuel mass flow rate (lb/hr):

m
f
= V

f
P
f (?im) f

1 + 0- “007(60 - Tp)]

V
p

= Volume flow rate (cc/sec)

P
p
= Fuel specific gravity

Tp = Fuel temperature (°F)

5. Convert hydrocarbon concentration measurements from wet basis to dry
basis:

HC - HC Ft + JL (
3CQ 2 [C0 + COall lHL

0
HC
w [7 200 l CO + 3C0 2 /J

HC
w = Hydrocarbon concentration on wet basis (pet)

x
w = Fuel hydrogen/carbon atomic ratio

C02 = Carbon dioxide concentration on dry basis (pet)
CO = Carbon monoxide concentration on dry basis (pet)

6. Carbon monoxide mass emission rate (grams/hour):

(453.69) (m
p )

m
co ~ (m

f
) (co + co 2 + hc

d ) (
co

) (
M
co)

= Molecular weight of CO
Mp = Fuel molecular weight per carbon atom

7. Hydrocarbon mass emission rate (grams/hour):

(453.59) (nip)
/_ ^ f sm

HC ” (M
F

) (CO + C0 2 + HC
d ) (

HC
d) (

M
Hc)

Mwr = Molecular weight of HC per carbon atom (assumed
equal to Mp)

8. Oxides of nitrogen mass emission rate (grams/hour)
(corrected for humidity):

(453.59) (m
p ) ^ w., N r 1

m
N0x (M

F
) (CO + C0 2 + HC

d ) (
NOx

) (
M
N02

) (.1
- 0.0025 (H -

75)J

M
NQ

= Mo ^ ecular weight of N0 2

N0x = Oxides of nitrogen concentration on dry basis (pet)
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3. DISCUSSION OF TEST RESULTS

Maximum corrected brake horsepower, maximum corrected torque, and

brake specific fuel consumption (bsfc) are plotted as functions of engine
speed at full rack position in Figure 1. The maximum power output and
torque of the engine were produced at the specified speeds and were simi-
lar to the values quoted in Table 1. The minimum bsfc was produced at

1,000 rpm for the speeds tested. The fuel rates were found to be nearly a

linear function of power for all engine speeds and were repeatable for all

speeds duplicated (Figure 2).

Emissions of CO, HC, and NOx are plotted as functions of power for
all engine speeds (Figures 3 thru 5). Emissions of CO remained at fairly
constant levels during moderate load operation for each speed. At the
light load and heavy load conditions, emissions of CO tended to increase
significantly for most engine speeds. Emissions of HC tended to decrease
with increasing power for most engine speeds. At particular speed/load

modes, some scatter in the data was observed. Additional testing at these
particular speed/load modes was conducted to verify the data. Emissions

of NOx tended to increase with increasing power up to 60 to 90 percent of
full load for each engine speed.

Emissions of smoke from the engine remained below 8 percent opacity
for all light and moderate load operations (Figure 6). During operation
at and near full rack position, the emissions of smoke increased up to

30 percent opacity. Emissions of particulate from the engine remained

at low levels (below 180 mg/m 3
) up to 75 percent of full load where sig-

nificant increases were observed near full rack position (Figure 7).

Particulate measurements were not conducted at all operating modes. This

is indicated by a zero entered where the particulate measurement would be.

5



4. CONCLUSIONS

The experimental work to obtain performance data for the Oldsmobile
350 CID diesel engine has been completed; these data are presented in the
tables accompanying this report.

6



TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS

Displacement, cubic inches

Maximum horsepower, bhp @ 3,600 rpm

Maximum torque, lb-ft @ 1,600 rpm..

Bore and stroke, inches
Configuration
Compression ratio
Firing order
Block material
Head material
Number of crankshaft main bearings.
Number of compression rings/piston.
Number of oil rings/piston
Cam drive type
Valve lift:

Intake, inches
Exhaust, inches

Valve timing:
Intake opens, °BTC
Intake closes

,
°ABC

Exhaust opens, °BBC
Exhaust closes, °ATC

Engine weight, pounds
Crankcase emissions control:

Control method
Point of discharge

Carburetor type
Injection pump type
Combustion chamber type
Governor type
Injection timing:

°BTDC @ 600 rpm
°BTDC @ 3,600 rpm...

350
120
220
4.057 x 3.385
V-8
22.5 to 1
1-8-4-3-6-5-7-2

Cast iron
Cast iron
5

2

1

Chain

0.375
0.376

16

38
64
17

670

Positive crankcase ventilation
Intake manifold
Fuel injection
Roosa Master
Pre-chamber
Mechanical

4.5
16

7



TABLE 2. ENGINE BREAK-IN SCHEDULE

Simulated vehicle
speed, mph

Engine speed,
rpm

Torque,
lb-ft

Fraction of
time in mode

Idle 575 0 1/10

20 650 43 II

30 900 49
08

40 1,250 56
II

50 1,550 67
II

60 1,850 81 II

25 800 45 II

35 1,100 51 II

45 1,400 61 II

55 1,700 74
II

Mileage per cycle = 90 miles.

Total mileage accumulated over 40 hours break-in period =

1,440 miles.

8



TABLE 3. FUEL SPECIFICATIONS

Fuel No. (No. 2 diesel) 7828
Distillation, °F:

10 pet 429

50 pet 510
95 pet 618
End point 638

API gravity 33.2
Specific gravity 0.859
FIA analysis, pet:

Aromatics 35

Olefins 3

Paraffins 62
Sulfur, pet 0.27
Hydrogen to carbon ratio 1.9

9



BSFC,

lb/bhp-hr

CORRECTED

BRAKE

HP

FIGURE 1. Brake Specific Fuel Consumption, Torque
and Brake Horsepower versus Engine rpm
at Full Rack Position—01 dsmobile 350
CIO (Diesel) Engine.
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FUEL

RATE,

lb/hr

FUEL

RATE,

lb/hr

POWER, bhp

FIGURE 2. Fuel Rate versus Power at Various
Speed and Load Condi tions--01dsmobile
350 CID (Diesel) Engine.
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CARBON

MONOXIDE,

grams/hour

CARBON

MONOXIDE,

grams/houi

POWER, bhp

FIGURE 3. Carbon Monoxide Emissions versus Power
at Various Speed and Load Conditions--
Oldsmobile 350 CID (Diesel) Engine.
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HYDROCARBON,

grams/hour

HYDROCARBON,

grams/hour

1,000 rpm

90

2,500 rptn

POWER, bhp

FIGURE 4. Hydrocarbon Emissions versus Power at
Various Speed and Load Conditions--
Oldsmobile 350 CID (Diesel) Engine.
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1,000 rpm

150

POWER, bhp

FIGURE 5. Oxides of Nitrogen Emissions versus
Power at Various Speed and Load
Conditions- -01 dsmobile 350 CID
(Diesel) Engine.
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SMOKE,

pet

opacity

SM0KE

*

P
ct

°P

acit

*

POWER, bhp

FIGURE 6. Smoke versus Power at Various
Speed and Load Conditions

—

Oldsmobile 330 CID (Diesel)
Engine.
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14 28 42 56 70 84

FIGURE 7 Particulate versus Power at Various
Speed and Load Conditions--01dsmobile
350 CIO (Diesel) Engine.
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