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ABSTRACT '

Project work is reported for the formulation and testing of
diesel and broadcut fuels containing components from petroleum,
shale oil, and coal liquids. Formulation of most of the fuels was
based on refinery modeling studies in the first year of the project. ,
Product blends were prepared with a variety of compositions for use
in this project and to distribute to other, similar research
programs.

Engine testing was conducted in a single-cylinder CLR engine
over a range of loads and speeds. Relative performance and
emissions were determined in comparison with typical petroleum
“diesel fuel. ' '

With the eight diesel fuels tested, it was found that well
refined shale 0il products show only minor differences in engine
performance and emissions which are related to differences in
boiling range. A less refined coal distillate can be used at low
concentrations with normal engine performance and increased
emissions of particulates and hydrocarbons. Higher concentrations
of coal distillate degrade both performance and emissions.

Broadcut fuels were tested in the same engine with variable
results. All fuels showed increased fuel consumption and
hydrocarbon emissions. The increase was greater with higher naphtha
content or lower cetane number of the blends. Particulates and
nitrogen oxides were high for blends with high 90%. distillation
temperatures. Operation may have been improved by modifying fuel
injection. Cetane and distillation specifications may be advisable
for future blends. '

Additional multi-cylinder and durability testing is planned

using diesel fuels and broadcut fuels. Nine gasolines are scheduled
for testing in the next phase of the project.
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SUMMARY

This report covers activities during the second year of a
project whose broad objective 1is to characterize -performance and
emissions of future alternative fuels derived from petroleum, shale
oils, and coal liquids. The first year effort entailed defining
probable compositions and physical properties of liquid hydrocarbon
transportation fuels by means of refinery linear programming models
and a data base containing petroleum crudes and syncrudes derived
from coal and shale oils.

Refinery model cases explored the forecast 1995 baseline fuel
demand plus assumed changes in vehicle population. Maximum diesel
fuel or broadcut fuel options saved varying amounts of petroleum raw
materials. Most of the savings occurred through the reduced volume
of higway fuels resulting from better fuel economy of diesel or
broadcut fueled vehicles compared.to the gasoline powered vehicles
they would replace.

The second year activities have included formulation and
testing of R&D-scale quantities of prototype synthetic fuels based
upon the projected compositions from the refining studies. These
blends were tested in a single-cylinder diesel engine and compared
to baseline data on typical petroleum diesel fuel. Additionally,
quantities of the test fuels were furnished to other laboratories
for similar projects or other types of testing.

Diesel fuels and broadcut fuels were tested in a CLR, direct
injection diesel engine over a range of speed and load conditions.
The engine was used as a screening tool to generate relative
performance and emissions on two groups of fuels with a variety of
compositions and properties.

Eight diesel fuels were tested, with the following conclusions:

° Straight Paraho shale oil DFM and JP-5 performed well with
minor improvement in fuel consumption and differences in
emissions related to difference in boiling range.

° Shale o0il products that were well refined and blended to 45
cetane number showed no significant differences from base
fuel.

e. SRC-II middle distillate was used without refining at 13 to
16 volume percent in 41 to 42 cetane blends. A stable
operation and normal fuel consumption were obtained,
although particulates and hydrocarbon emissions were high.
Odor and handling problems would preclude general use of
the product at this concentration.



e At higher concentrations of 35 to 50 volume percent SRC-II
distillate, engine operation was unstable at some speeds,
knock was moderate to severe, and particulates emissions
increased.

Seven broadcut fuels were tested in the same engine, with the
following findings:

. Properties and composition of the fuel had more effect on
' performance and emissions than the petroleum or synthetic
origins.

e All seven fuel exhibited high relative fuel consumption and
high hydrocarbon emissions. These effects appeared to
increade with higher percentages of naphtha in the blends.

° Blends with high 90% distillation temperatures produced
high particulates and nitrogen oxides emissions.

. Operational problems for certain fuels included knock,
unstable operation at low speed, and difficult starting.
Performance may have been improved by modification of fuel
injection. Specifications may be advisable for minimum
cetane and maximum 90% point for future blends.

Future work in the project will include multi~-cylinder testing
of selected diesel and broadcut fuels and a limited amount of
durability testing. Prototype gasolines will be evaluated In a
similar program of single-cylinder screening followed by multi-
cylinder and durability runs. The distribution of samples to other
laboratories, will continue as demand and product availability
develop.



I. INTRODUCTION

A. Objectives

The project is sponsored by the Department of Energy (DOE)
under the Alternative Fuels Utilization Program (AFUP). The
objectives of the Project are to: '

° Define chemical compositions and- physical properties of
alternative fuels derived from petroleum, coal, and shale

oils.

] Formulate, blend, and produce R&D-scale quantities of
prototype'synthetic fuels.

. Idemtify problems associated with thé use of these
alternative fuels in conventional and advanced engines.

. Characterize promising fuel/engine combinations for minimum ‘
energy consumption in highway vehicle systems.

B. Organization and Approach

The four

principal project activities (Tasks) into which work

has been organized are:

Task 1:

Task 2:

Task 3:

Synfuels Optimization-application of linear
programming techniques in a variety of scenarids to
define chemical and physical characteristics of
alternative transportation fuels optimized for
minimum costs to satisfy product demands.

Synfuels Formulation for Experimental
Evaluation-formulation and preparation of
experimental batches of prototype‘synthetic fuels for
use in laboratory and internal combustion engine
evaluations. These fuel formulations will have been
based upon but not limited to results developed in
Task 1.

Synfuels Formulation for Other Researchers-
formulation, blending, and distribution of R&D-scale
quantities of prototype synfuels as defined in Task 2
for use in laboratories other than SwRI who have
programs and/or facilities in which testing of these
synfuels will provide data relevant to the DOE
Alternative Fuels Utilization Program.




Task 4: Synfuels Performance Evaluation—-bench test and engine

: evaluations using SwRI facilities to screen and

evaluate prototype synfuels to provide feedback

information to the database established in Task 1 for

further modification and refinement of linear
-programming modeling criteria.

C. Status

The first year's activities were devoted to Task 1: Synfuels
Optimization. Bonner & Moore Associates, Inc. of Houston, Texas,
constructed refinery models using their Refinery and Petrochemical
Modeling System (RPMS). These linear programming models were
designed to represent composite refineries in each of three regions
- Rocky Mountains, Mid-Continent, and Great Lakes - where synthetic
crudes are expected to have the greatest impact.

Results of the modeling studies were reported in the first
annual progress report. (1)* They showed how shale o0il and coal oil
may be used along with petroleum crudes in the 1995 time frame.
Products were made to meet forecast specifications and quantities.
In addition, product options were explored for a maximum diesel fuel
case replacing a significant quantity of gasoline and a broadcut
fuel case also replacing a portion of the gasoline, as potential
alternate fuels to conserve petroleum resources. Gasoline
supplements were evaluated for 10 volume percent of methanol,
ethanol, MTBE and synthetic naphtha from methanol.

This report covers work in the second year of the project on
Task 2 and 3: Synfuels Formulation. Fuels were formulated and
blended for use in engine evaluation and for distribution to other
research laboratories engaged in similar programs and studies. The
report also covers a major part of Task 4: Synfuels Performance
Evaluyation. Engine tests were conducted on 8 diesel fuels and 7
broadcut fuels to-evaluate their. performance and emissions relative
to typical petroleum baseline fuels. Further work is planned in the
final year of the project on gasoline engine studies and other fuel
evaluation methods.

* Underlined numbers in parentheses designate referenées listed at
the end of the report. :



D. Report Contents

The following sections of the report describe various portions
of the project work, as follows: '

° Section II, Synfuels Formulation, covers the selection of
blends from the various computer cases for diesel fuels,
broadcut fuels and gasolines. Blending components from
petroleum, shale and coal are described along with the
blending to prepare products for evaluation. Finally the
composition and properties of the diesel fuels and broadcut
fuels are reported.

° Section III, Synfuels Evaluation, describes the single-
cylinder engine testing equipment and procedures -for diesel
fuels and broadcut fuels. Both performance and emissions
measurements techniques are discussed.

. Section IV, Results and Discussion, summarizes the results
and compares performance and emissions from the various
fuels. '

® Section v, Conclusiéhs, considers the major results from
engine testing in relation to the fuels properties.

° Section VI, Future Activities, outlines the project
activities scheduled for the final year of the project.

At the end of the report are the list of references and four
appendices containing detailed data and supplemental information.



1I. SYNFUELS FORMULATION

Results from twenty-seven computer cases presented in the first
annual progress report (1) provided the foundation for the synfuels
formulation task that was done in this phase of the project.

A. Selection of Blends

The plan was to select a varlety of formulations for three

major types of fuels - diesel fuels, broadcut fuels and
gasolines- from cases in the first annual report. A major factor
in, the selection was to use a significant percentage of
syncrude—derived stocks in the blend.  Therefore, most products are
from the Rocky Mountain region where syncrudes were a higher
proportion of crude charge to the refinery. Also the gasoline
supplenents were evaluated only in the Rocky Mountain region.
' The project plan also provided for synthetic fuels other than
from computer cases. Diesel fuels and gasolines are included from
other sources where the fuels became available with properties or
origins that were applicable to the program. Fuels proposed for
evaluation included eight diesel fuels, seven broadcut fuels and
nine gasolines. - ‘

Diesel fuels selected for evaluation included the following:

1. Shale—-derived fuels
Case .2A, Rocky Mountains
Case 3, Rocky Mountains
Paraho DFM
Paraho JP~-5

2. Coal-derived fuels
Case 5A, Rocky Mountains
Case 12, Rocky Mountains
SRC-II Middle Distillate-Medium Cetane Blend
SRC~II Middle Distillate-Low Cetane Blend

The shale o0il diesel fractions were provided from a project for
the U.S. Navy performed by Paraho Development Company and The
Standard 0il Company of Ohio.(2) The Paraho DFM and JP-5 were
considered finished products but also were used as synfuel stocks
for blending with petroleum components.

The SRC-II middle distillate was provided by the Pittsburg and
Midway Coal Mining Company, a Gulf subsidiary. It has a low cetane
number because of 1ts high concentration of aromatics, and
heterocompounds that contribute to low stability. Therefore, it
would not be considered a finished engine fuel. Hydrogenation would
normally be used for upgrading for use in tramnsportation fuels.
However, it was used in this study without further treatment by

6



blending with other components to acceptable cetane number and other
quality levels. Material safety data sheets provided with the
product are reproduced in Appendix A along with a set of
instructions to laboratory and engine technicians for handling the
fuel blends containing SRC-II.

Broadcut fuel is a wide boiling range product without octane or
cetane requirement for use in future fuel-tolerant engines.
Broadcut fuels were made in seven of the computer cases, with a
variety. of compositions in petroleum and syncrude components.
Blends were made similar to all seven examples, as follows:

Case No. Region Type

1. Case 16 Rocky Mountains Petroleum

2. Case & Rocky Mountains Shale-derived
3. Cdse 7A Rocky Mountains Coal-derived
4. Case 5 Mid-Continent Petroleum

5. Case 4 Mid-Continent Shale and Coal
6. Case 5 Great Lakes Petroleum

7. Case 4 Great Lakes Shale and Coal

For simplicity, these products will be referred to as Broadcut
Fuels number 1 through 7. A quantity of Paraho shale oil naphtha
was provided by SOHIO for use in shale-based blends. Coal-derived.
naphtha was not available but a reasonable simulation was made as
described later in this report. Diesel boiling range fractions from
shale, coal and petroleum were also available.

The emphasis on diesel fuels and broadcut fuels in the
formulation and testing phase is consistent with the objectives of
the study. These two fuel types conserve crude oil and processing
energy and would likely be used in engines with higher efficiency
than gasoline powered engines. Therefore, they tend toward the
objective of optimizing the resource/process/engine system.

It is expected that gasoline will continue as the major
transportation fuel for many years because of the large number of
gasoline powered vehicles and the continuing improvement being made
in fuel economy of new vehicles.

Gasolines are planned for  future evaluation in the project and
include the following: '

1. Gulf Unleaded Regular

2. Gulf Unleaded with 5 VolZ Methyl Aryl Ethers
3. Gulf Unleaded with 7 Vol% Methanol

4. Mobil MTG (Methanol to Gasoline)

5. 'Simulated Coal-Derived (SCD) Gasoline

6. Modified SCD with 7 Vol%Z Methanol

7. Modified SCD with 10 Vul%¥ Methanol

8. Modified SCD with 10 VolZ Ethanol

9., Modified SCD with 10 Vol % MTBE

7



The Gulf Unleaded Regular will be used as the baseline fuel for
comparison of results with the other eight gasolines. It was
provided by Gulf as the base for 5 volume percent methyl aryl ethers
in their evaluation of this product made from phenols present in
coal liquids.(3)

Mobil MTG (methanol to gasoline) product is intended to be used
as a finished gasoline without further blending. Therefore, the
blends of this product in the first annual report are not
representative of the most likely application and the product will
be tested as a separate fuel.

L]

The simulated coal-derived (SCD) gasoline was made with stocks
blended to match hydrocarbon coumpositions of reformate from coal
liquids. The modified SCD blends include a lower octane naphtha,
blended to simulate .coal naphtha and intended to control .octane
level of the final gasolines containing oxygenates. It was
originally planned to evaluate all oxygenates at 10 volume percent
of the blend. Methanol at 7 volume percent was added to obtain
comparisons at the same oxygen level by weight as ethanol at 10
volume percent of the blend, consistent with recent trends in use of
oxygenates. If gasoline components from shale or coal oils become
available, they may be made into blends to add to or substitute in
the 1list above. '

B. Blending Components

In addition to the syncrude-derived components mentioned above,
several petroleum—-based components were needed for preparation of
blends similar to the products compositions generated by the
computer models. These were obtained in small quantities from
several sources, including SOHIQO, Howell Hydrocarbons, and Phillips
Petroleum Company.

All components were characterized at the Army Fuels and
Lubricants Research Labhoratory at SwRI. Table 2.1 shows properties
of components for diesel fuel and broadcut fuel blending, including
4 petroleum stocks, 3 Paraho shale o0il products and SRC-II
distillate from coal. Table 2.2 presents properties of eight
gasoline boiling range components which could be used in gasolines
or broadcut fuels.

Table 2.3 gives laboratory inspections of additional components
intended for use in adjusting hydrocarbon type compositions of
products, particularly for simulation of coal-derived materials.
Decalin and tetralin are minimum 97% purity compounds obtained from
DuPont. Tetralin-containing solution and mixed naphthalenes are
coal-derived products from Koppers Company and conveniently include
a variety of compounds. Composition of the tetralin solution is:



Percent

Toluene 0.5
Ethylbenzene 9.5
p—Xylene 0.6
m-Xylene 0.6
o-Xylene ' 1.0
Tetralin ' 39.6
Naphthalene 18.8
Indene and

Tetramethylbenzenes 29.4

Total 100.0

C. Blending of Fuels

The components obtained for blending had origins and properties
similar but not identical to the components predicted in the
computer models. Therefore, it was necessary to ad just the blend
compositions, in volume percent of the various blend stocks, to
match the properties of the finished blend to the computer results.

For example, most of the actual diesel fuel components were
higher cetane than the computer basis, so a blend of the same
volumetric composition would be well above the target 45 cetane
number. Calculations were made to adjust cetane number to 45 by
adding light cycle oll (26 cetane number) and making minimum change
in proportions of other components to match distillation curves.

At the other extreme, SRC-II middle distillate had a low 16.2
cetane number in its untreated state, and an even lower cetane
blending number. The computer model used a literature data value of
26.7 cetane blending number. Therefore, the proportion of coal-
derived distillate in the blends was reduced to aim for 45 cetane
product.

Broadcut fuel blend compositions were also adjusted to
accommodate three specifications - Reid vapor pressure, distillation
curve and sulfur content. Normal butane was used to control vapor
pressure. Light and heavy fractions were shifted slightly to modify
.distillation curves. Light cycle o0il was added in most cases to
raise sulfur content; this component also probably lowered the blend
cetane number but this quality was not calculated. Table 2.4
summarizes the calculated properties of 8 diesel fuels and 7
broadcut fuels before the actual blends were made. :

Blends were made of SRC-II middle distillate with No. 2 diesel
baseline fuel to derive cetane blending numbers and to guide the
formulation of test fuels. Properties of the two stocks and blends
at 25 volume percent increments are listed on Table 2.5. Figure 2.1
shows that cetane number does not vary linearly with composition

-and, therefore, cetane blending number varies with concentration in
the blend. '



TABLE 2.1 PROPERTIES OF BLENDING COMPONENTS FOR DIESEL AND BROADCUT FUELS

Component

Sample No.

Gravity, °API
Specific Gravity, 60°F

Dietillation, D-86,°F
IBP
5 volZX Recovered
10
20
50
90
95
EP
Recovery, %
Residue
Loss
Viscosity, cSt@40°C
Flash Point,°F
Pour Point,°F

Hydrocarbon Type (FIA) volX
Aromatics

Olefins

Saturates

Elemental Analysis, wtX
Carbon
Hydrogen
Oxygen
Nitrogen
Sulfur
Hydrogen/Carbon Atom Ratio
Heat of Combustion
Gross, BTU/Lb

Accel. Stability, mg/100 ml
Existent Gum, mg/100 ml

Cetane Number
0.10% DII*
0.25% DII*
0.50% DII*

Lt. Cycle

Paraho

SRC-11 Middle

*  Dicscl Cetane Improver Additive

10

St. Run Rydrocracker St. Run Paraho Paraho
Kerosene Kerosene Diesel 01l X DFM Jp-5 Jp-8 Diatillate
AL-9749-F  AL-9998-F AL-9750-F ~ AL-9751-F - A1-9090-F AL-9088-F AL-9089-F  AL-9251-F
38.2 43.6 34.3 . 19.2 37.9 43.6 44.4 12.3

0.8338 0.8081 (/).8536 0.9390 0.8353 0.8081 0.8044 0.9840
378 297 440 266 402 354 352 368
416 350 479 464 435 370 366 400
430 368 ‘495 493 ° 452 373 368 412
442 396 511 511 470 378 372 428

- 461 436 545 550 508 - 396 393 473

484 516 651 629 563 442 441 553
492 550 686 647 575 458 462 577
539 602 704 665 598 478 494 613
99.5 99 98.5 97.5 '99.0 98.5 98.5 99.0

0.5 1.0 0.5 1.0 1.0 1.5 1.0 1.0

0.0 0.0 1.0 1.5 0.0 0.0 0.5 0.0

1.86 1.64 ' 3.72 3.27 2.61 1.38 1.30 3.68
150 118 195 85 176 144 135 176

26 -29 32 16 0 - - ~54
24.44 10.89 - 71.70 30 22 21 91.2

2.26 1.18 - 2.26 - 1 2 2 0.7
73.30 87.93 - 26.04 69 76 77 8.1
86.71 85.40 86.44 87.20 86.54 85.92 86.05 . 86.15
13.17 14.08 13.01 9.96 13.36 13.68 13.70 8.64

- - - - 0.37 0.38 0.40 3.9

- - - C- <0.0001 <0.0001 <0.0001 0.82

0.01 <0.01 0.05 2.02 0.004 0.005 0.002 0.26

1.81 . 1.96 1.79 1.36 1.84 1.90 1.90 1.19
19,635 19,845 19,525 18,255 19,540 19,688 19,724 17,200
45.67 46.16 45.42 42.46 45.44 45.79 45.88 40.01
18,434 18,560 18,338 17,346 . 18,318 18,440 18,475 16,412
42.88 43.17 42.65 40.35- ©,42.62 42.89 42.97 . . 38.17

0.11 0.14 0.11 12.36 - - - 10.5

- 0.85 - - ~ - 0.4 -
48.8 49.6 57.2 26.0 49 44 45 16.2

- - - - 55 50 S0 -

- - - - 59, 53 55 -

- - - - 64 56 59 -



TABLE 2.2 PROPERTIES OF BLENDING COMPONENTS FOR GASOLINES AND BROADCUT FUELS

Component

Sample NO.

Gravity, °APY
Specific Gravity, 60'F

Distillation, D86, °F

1BP

5 volX Recovered

10

20

50

90

95

EP

Recovery,X

Regidue

Loss
Reid Vapor Pressure, psi
Oxid. Stability, min.
Existent Gum, ug/100 ml.

Unwashed

Washed

Hydrocarbon Types, volX
Aromatics
Olefins
Saturates

Elemental Analysis, wtX
Carbon
Hydrogen
Oxygen
Nitrogen
Sulfur

Hydrogen/Carbon Atom Ratio

Heat of Combustfon
Gross, BTU/Lb
MJ/Kg i
Net, BTU/Lb -
MI/Xg
Cetane Number
Octane Number
Research
Motor

Catalytic Reformate Reformate Lt. St. Run Hvy. St. Run Paraho Normal
Gasoline Alkylate 90 RON 100 RON Naphtha . Naphtha Naphtha Butane
AL-9914-G  AL-9748-G - AL-9833-C AL-9980-G AL-9746-C AL-9747-F AL-9087-F AL-9698-G
56.6 70.8 46.9 30.9 78.6 54.9 54.9 110.8
0.7523 0.6995 0.7932 0.8713 0.6735 0.7591 0.7591 0.584
101 87 125 298 79 157 213 -
121 120 174 308 89 191 240 -
133 144 188 309 100 201 253 -
153 181 205 312 108 212 262 -
232 221 240 323 136 237 284 31
384 325 305 355 186 295 321 -
418 385 324 369 197 313 328 -
446 436 390 404 282 363 353
99.0 97.0 99.5 99.5 97.5 99.0 99.0 -
1.0 1.5 0.5 0.1 0.0 0.6 0.5 -
0.0 1.5 0.0 0.4 2.5 0.4 0.5 -
6.90 9.4 3.83 0.62 15.5 2.4 4.5 51.6(65%)
>1440 >1440 >1440 >1440 >1440 1440 - -
1.4 1.6 9.7 1.1 0.8 0.8 4.2 -
0.7 0.4 4.6 0.1 0.6 0.3 - -
27.6 2.15 50.71 95.5 3.66 17.49 12.48 0.0
16.4 1.20 1.63 1.1 0.40 0.64 1.62 0.0
56.0 96.65 47.66 3.4 95.94 81.87 85.90 100.0
86.15 83.98 87.84 89.71 84.28 85.92 84.36 82.66
13.29 15.68 11.79 10.16 15.45 13.92 14.17 17.34
- - - - - - 0.93 -
- - - - - - 0.11 -
0.06 0.02 <0.005 <0.01 €0.01 €0.01 €0.005 -
19,430 20,030 19,125 18,295 19,390 19,680 19,890 21,136
45.19 46.59 44,49 42.55 45.10 45.78 46.26 49.16
18,218 18,600 18,049 17,368 17,980 18,410 18,600 19,493
42.37 43.26 41.93 40.40 41.82 42,82 43.26 45.34
- - - - - - n.a -
89.0 90.7 92.3 102.6 78.8 63.5 - -(96.5%)
79.4 87.7 81.7 . 96.2. 76.0 61.9 - -(99.9%)

11
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TABLE 2.3 BLENDING COMPONENTS FOR GASOLINES AND BROADCUT FUELS

Tetralin ~
Decalin Tetralin Solution
AL-9761-A AL-9762-A AL-9996-A -

Gravity, °API 30.0 t4.4 15.8
Specific Gravity, 60'F 0.876 0.970 ‘ 0.9606
Distillation, D86 °F

IBP " - - 316

5 volZ Recovered - - 348

10 - - - - 357

20 - - , 366

50 367 (est) 405 (est) 391

90 - - 402

95 3 - - 404

EP : - ‘ o= 437 -

Recovery,% - - 99.5

Residue - : - ‘ 0.5

Loss ‘ - - 0.0
Reid Vapor Pressure, psi 0.1(est) -0:1(est) -
Oxid. Stabiiity, min. . - o= e -
Existent Gum, mg 100 ml.

Unwashed - - -

Washed = o - - -.
Hydrocarbon Types, volZ .

Aromatics : 3.0 98.0 100.0

Olefins 0.0 0.0 0.0

Saturates 97.0 2.0 0.0
Elemental Analysis, wtZ o

Carbon 86.88 90.84 -

Hydrogen 13.12 9.16 -

Oxygen ' - - -

Nitrogen _ - - -

Sulfur - - -

Hydrogen/Carbon Atom Ratio
Heat of Combustion

Gross, BTU/Lb 19,550 - 18,414 -

MJ/Kg 45.47 42.83 -
Net, BTU/Lb 18,307 17,578 -
: MJ/Kg 42.58 40.89° -

12



€T

TA3LE 2.4

Diesel Fuel

Sample No. AL- .

Gravity, °API
Specific Gravity, 60°F

- Distillation, Vol%

at 400 °F
460 °F
500 °F
540 °F
600 °F

Sulfur, wtZ
Cetane Nq.-

Broadcut Fuel

Sample No. AL-

Gravity, °API
Specific Gravity, 60°F

Jistillation, Vol%
at 200 °F

300 °F

400;°F

540 °F

600 °F

Sulfur, Wt%
Reid Vapor Pressure, Lb

CALCULATED PROPERTIES OF DIESEL AND BROADCUT FUEL BLENDS

Shale Shale Coal Coal SRC-I1I

Case 2A. Case 3 Case 5A Case 12 Med. Cetane

10253-F  10256-F 10287-F  10288-F 10289-F
335 331 31.0 32.7  26.8

0.8575 0.8597 0.8709 0.8618 - 0.8938
110.6 7.2 1.0 1.7 1.4
22.6 25,2 - - -

- - 32.0 53.5 52.4
64.6 68.3 62.9 74.2 76.6
89.9 90.1 85.0 89.7 94.8

0.53 0.54 0.08 0.06 0.26
45.0 45.0 45.0 45.0 32.5
1 2 3 4 5
10286-F  10305-F 10306-F  10307-F 10308-F
54.2 55.3 - 57.1 . 50.1 46.9.

0.7619°  0.7576 0.7504 0.7790  0.7931
42.7 35.2 - 45.1 27.8 19.1
66.5 61.1  78.6 55.4 37.5
68.7 77.0 ~ 88.4 58.1 44.3
82.2 . 86.4 92.7 76.7 80.7
93,1 95.8" 97.5 90.7 92.4

0.25 0.26  0.24 0.25 0.25

7.9 9.0 9.0 9.0 9.0

SCR-II

Low Cetane

10290-F
23.2
0.9147
2.0
55.5
78.5
95.8
0.28
24.5

6 7

10309-F 10310-F
57.1 50.3
0.7502 0.7783
31.5 29.3
74.1 69.2
77.9 77.1
88.5 94 .9
95.1 - 98.7
0.02 0.06
9.0 9.0



TABLE 2.5 LABORATORY INSPECTIONS OF BLENDS OF
SRC-II MIDDLE DISTILLATE WITH NO. 2 DIESEL

Composition, VOL%

NO. 2 Diesel 100 75 50 25 0
SRC-I1 Middle Distillate 0 25 50 75 ‘100
Sample No. AL-9649-F AL-9757-F AL-9758-F AL-9759-F AL-9251-F
PROPERTIES
Gravity, °API 35.9 29.4 23.2 17.5 12.3
Specific Gravity 0.8453 0.8794 0.9147 0.9497 0.9840
Distillation, D-86, °F
IBP : 410 386 364 375 368
5 volZ Recovered 446 ) 417 409 405 400
10 458 432 422 417 412
20 472 452 . 440 432 428
50 508 496 485 476 473
90 - ' 589 583 570 . 563 553
95 617 612 596 587 577
EP 648 . 645 635 625 613
Recovery, % 98.5 98.8 -99.0 99.2 99.0
Residue 1.5 1.2 1.0 . 0.8 1.0
Loss 0.0 0.0 0.0 0.0 0.0
Viscosity, cSt@ 40°C 2.74 - - - 3.68
Flash Point, °F 175 - - - 176
Pour Point, °F - - - - ~54
Hydrocarbon Type (FIA) vol.Z%
Aromatics 28.3 - - - 9.2
Olefins 1.3 - - - 0.7
Saturates 70.4 - - ’ - . 8.1
Elemental Analysis, wtZ
Carbon 86.39 - - - - 86.15
Hydrogen 13.15 - = - * 8.64
Oxygen - , - - - 3.9
Nitrogen - - - .- 0.82
Sulfur 0.31 - - - - 0.26
Hydrogen/Carbon Atom Ratio 1.81 - - - 1.19
Heat of Combustion
Gross, BTU/Lb 19,410 - ' - - 17,990
MJ/Kg 45.14 - - - 41.84
Net, Btu/Lb. 18,210 - - - : 17,200
MJ/Kg A 42.36 - - - 40.01
Cetane Number 53.7 38.2 25.2 19.7 . 16.2
0.107 DII* - ' - 26.0 20.7 _ -
0.25% DII* - - 28.0 21.2 -
0.50% DII* - - 29.3 21.7 -
1.007 DII* - - - 32.1 - -

* Djiesel Cetane Improver Additive
14



FIGURE 2.1

.CETANE NUMBER AND GRAVITY OF BLENDS
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Since coal-derived naphtha and reformate were not available, an
effort was made to simulate these materials. Detailed analyses of
these products from pilot scale processing of H-coal liquids were
given in a UOP report. (5) The main characteristic to distinguish
coal-derived stocks from petroleum of the same hoiling range was the
number of double ring compounds, both cycloparaffins and aromatics.
It was concluded that adding compounds of those types would be a
reasonable simulation, especially if the added compounds were
derived from coal. .

Simulated coal-derived naphtha was blended by adding
appropriate volumes of Koppers tetralin solution and -DuPont pure
tetralin and decalin to heavy straight run naphtha from petroleum.
The calculations involved only hydrocarbon types to match that
analysis as closely as possible. The inspections of the final blend
are given on Table 2.6 and are compared with the UOP pilot plant
product. The resulting physical properties such as gravity and
distillation are also remarkably similar. The simulated coal
naphtha was used in Broadcut Fuel 3.

Coal-derived reformate was simulated by blending tetralin
solution and tetralin and decalin components into 90 RON reformate
to match hydrocarbon type analyses. The results are shown on Table
2.7 compared with UOP product analyses. Again, the physical
properties are similar although they were not included in the
calculations. The mass spectrometer hydrocarbon type analyses found
somewhat lower concentrations of double ring compounds than expected
from the known amounts that were added. The simulated coal
reformate was used at 57.57 concentration with petroleum components
to make a simulated coal-derived gasoline which will be used in the
following phase of the project.

With product formulations defined, the next step was blending.
Although composition was defined in volume percent of each
component, this was converted to weight percent with specific
gravity. All blending was done by weight of each component into the
blend drum or out of the component container (drum or cylinder).
Blends were mixed with propeller mixer. All blends were made in
new, clean 55-gallon drums except the simulated coal gasoline where
300 gallons were blended in a 500-gallon tank.

D. Fuels for Engine Evaluation

Two baseline diesel fuels were used for reference with
properties as shown on Table 2.8. Howell No. 2-D was used at the
start of the engine testing in June 1980.

The second baseline fuel, Phillips D-2 Diesel Control Fuel,
became available later. 1Its 48 cetane number was a good basis for
‘comparison with the 45 cetane number test fuels to be evaluated.
Also, the testing was switched to another engine so a change in base
fuel did not lose any comparable data.

16



TABLE 2.6 COMPARISON OF PROPERTIES
COAL-DERIVED NAPHTHA

UoP Simulated
Product Blend
Sample No. . : - : AL-10304-F
Gravity, °API 46.8 49.6
Specific Gravity ’ 0.7936 - 0.7813
Distillation, °F
IBP 153 163
5 vol%Z Recovered ’ 185 195
10 i 199 205
20 _ , i ‘ 217 217
50 ' ) 263 253
.90 352 350
95 367 366
EP V 393 412
Recovery, 7% ' 99.0 99.0
Residue . _ . 1.0
Loss N S _ 0.0
Octane RON Clear ° ‘ 66.8 -
- Elemental Analysis, Wt%
Carbon ) : 86.45 86.27
Hydrogen .. ; . 13.59 13.51
Nitrogen <.0001 .- :
Sulfur ‘ .0004 <.005"
Hydrocarbon.Types, VolZ (MS)
Paraffins A ‘ 15.96 37.3
Naphthenes ) ;
Monocycloparaffins 55.02. 32.5
Bl, Dicycloparaffins 9.49 6.5
Tricycloparaffins ( . 0.09 -
Aromatics .
Alkylbenzenes o 16.54 19.3°
Indans, Tetralinms 2.83 4.4
Naphthalenes 0.07 0.0
Total 100.0 100.0
Hydrocarbon Types, Vol % (FIA) :
Saturates ) , 8l.1 -79.9
Olefins o 0.0 0.9
Aromatics ’ 18.9 19.2

* Not determined because octane low (probably less than 70 RON) and
product intcnded for .uoe in broadcut fuel blend.

17



TABLE 2.7 . COMPARISON OF PROPERTIES
COAL-DERIVED REFORMATE

uopP : " Simulated
Product Blend
Sample No. - AL-10117-G
/ Gravity, °API " 38.2 40.7
Specific Gravity 0.8338 0.8217
Distillation, °F '
IBP 169 129
5 vol%Z Recovered 194 177
10 . 206 - 191
30 239 ' . 227
50 275 259
70 ' : 317 302
90 366 378
95 ‘ 384 392
EP - 418 ' 418
Recovery, %4 - ' . : ' 99
Residue ' . . - 1.0
Loss : 0.0
Octane, Clear , [ '
Research " 94,2 94.5
Motor ' : - 81.7
Elemental Analysis, Wt% ' :
- Carbon - ' ‘ 88.20 88.68
Hydrogen ' 11.76 . 11.34
Hydrocarbon Types, VolZ (MS) .
»  Paraffins 17.84 31.44
Naphthenes
Monocycloparaffins 14.90 8.55
Bi, Dicycloparaffins 1.45 1.38
Aromatics .
Alkylbenzenes 55.78 53.01
Indans, Tetralins 8.41 5.16
Naphthalenes 1.62 0.46
Hydrocarbon Types, Vol % (FIA)
Saturates 40.4
Olefins’ o 2.4

Aromatics ' 57.2

18"



TABLE 2.8 LABORATORY INSPECTIONS OF BASELINE DIESEL FUELS

Baseline Fuel
Sample No.

Gravity, °API
Specific Gravity

Distillation, D-86, °F
IBP
5 vol% Recovered
10
20
50
90
95
EP ' ’
Recovery, 7%
Residue
Loss
Viscosity, cSt@ 40°C
Flash Point, °F
Pour Point, °F
Hydrocarbon Type (FIA) vol %
Aromatics .
Olefins
Saturates

Elemental Analysis, wt%
Carbon
Hydrogen
Oxygen
Nitrogen
A Sulfur
Hydrogen/Carbon Atom Ratio
‘Heat of Combustion
Gross, BTU/1b
MG/kg
Net, BTU/1b
. MJ/kg

Accelerated Stability, Mg/100ml
Existent Gum, Mg/100ml
Cetane Number

19

Howell
NO . Z-D

AL-9649-F

35.9
0.8453

Phillips.
D-2

AL-9993-F

34.8
0.8509

384
414
432
454
510
574
588
608
98.5
1.5

161
-7 .



Eight diesel fuels for testing are listed on Table 2.9.
Composition of each fuel is shown in the upper portion of the
tabulation. Laboratory inspections are shown in the lower portion.

Seven broadcut fuels for evaluation are listed on Table 2.10
with compositions at the top and properties below. These fuels were
compared with Phillips D-2 baseline fuel in CLR engine tests since a
broadcut reference.fuel was not -available.

Properties of the diesel and broadcut fuel blends reported in
Tables 2.9 . and 2.10 may be compared with their calculated properties
in Table 2.4. Good agreement between actual and calculated
properties was obtained in most cases.

Reid vapor pressure (RVP) of the broadcut fuels was higher than
the 9 pound target value. A check of the technical grade normal
butane composition by gas liquid chromatography showed it to contain
9.5% isobutane and 90.5% butane. The product was specified to be
95% minimum normal butane. This difference would raise the butane
blending RVP from 65 pounds to 67.5 pounds and account in part for
the RVP of the finished blends being higher than planned.

E. Formulation for Other Laboratories

A blend of 53 gallons was made of each formulated fuel in
- Tables 2.9 and 2.10. About 15 gallons of fuel was scheduled for
single-cylinder engine testing, and an additional 10 gallons would
be used if a limited amount of multi-cylinder engine evaluation was
to be performed with certain fuels.

Therefore, the remaining 28 to 38 gallons of each fuel was made
available for shipment to other laboratories. . Larger volumes were
available of Paraho DFM and SRC-II middle distillate. These
quantities were offered through the Project Technical Manager who
sent the information to all known interested parties. Products were
made available at no cost except for shipping charges and in
exchange for data from the evaluation studies.

F. Supplemental Fuels Data

Hydrocarbon type analyses were determined by mass spectrometer
(MS) analyses on selected samples where it was desired to know the
proportions of naphthenes and aromatics with mutiple rings. Results
from the SOHIO laboratory are given in Table 2.11 along with their
determination by fluorescent -indicator adsorption (FIA).
Hydrocracker kerosene contains less aromatics and more single ring
naphthenes than straight run kerosene. The simulated coal-derived
naphtha made up 45.8 volume percent of Broadcut Fuel 3. '

Boiling range distributions by gas chromatography, ASTM Method

D 2887, are given in Appendix B for selected blend components and
all blends of diesel and broadcut fuels.
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‘TABLE 2.9 DIESEL FUELS FOR EVALUATION

Fuel Paraho Paraho Shale Shale Coal Coal SRC-11I SRC-II

. DFM JP-5 Case 2A Case 3 Case 5A Case 12 Med. Cetane Low Cetane
* Sample No. AL- 9090-F 9088-F 10255-F 10256-F 10287-F 10288-F 10289-F 10290-F
" Composition, Volume X
Kerosene . i
Petroleum 0 0 1.3 21.7 17.3 39.3 0 0
Shale JP-5/JP-8 o 100.0 . 17.1 10.6 0 0 [ 0
Diesel :
Petroleum 0 [} 23.0 21.4 66.7 45.7 65.0 50.0
Shale DFM 100.0 0 36.2 23.2 0 ] 0 0
Coal SRC-11 . 0 [4] [} : o] 16.0 13.0 35.0 50.0
Light Cycle 041 0 0 22.4 23.1 (] 0 0 0
HC Kerosene 0 0 ] 0 0 2.0 0 0
Total : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Properties .
Gravity, °API . 7.9 43.6 33.0 32.9 31.1 32.8 26.8 . 23.3
Speci fic Gravity, 60°F . 0.8353 0.8081 0.8602 0.8607 0.8702 - 0.8612 0.8939 0.9141
Distillation, D-86, °F
IBP/5 % Recovered . 402/435 354/370 369/409  373/417  378/432 326/416  346/409 329/387
10/20 452/470 ° 373/378 427/450  432/452  453/472  434/455 424/446 420/438
30/40 482/497 384/389 472/491  467/481  487/499  468/480  464/476 455/470
50/60 508/521 396/403 508/525 497/513 512/528  491/504  489/502 485/500
70/80 533/547 412/424 543/565 531/565 546/576  521/547  522/543 517/538
90/95 ) " 563/575 442/458 599/627 595/631 626/667 603/652: 577/610 570/600
EP 593 478 664 661 690 - 683 638 . 626
Recovery, % 99.0 98.5 99.0 98.0 98.5 98.5 98.5 99.0
Residue 1.0 1.5 1.0 2.0 1.5 1.5 ° 1.2 1.0
Loss 0.0 0.0 : 0.0 0.0 0.0 0.0 0.3 0.0
Viscosity,cSt at 40°C 2.61(38°C) 1.38(38°C) 2.53 2.48 3.08 2.61 2.83 2.95
Pour Point °F (°C) 0(-18) 9(-13) -2(-19) 21(-6) 10(-12) 0(-18) -6(~21)
Flash Point, °F 176 144 . 142 140 176 166 176 176
Hydrocarbon Type, VolZX ' .
Aromatics 30 22 36.9. 36.1 3.9 34.3 49.5 57.8
Olefins 1 2 1.3 1.3 1.4 1.3 1.8 1.4
Saturates 69 76 61.8 62.6 63.7 64.4 48.7 40.7
Elemental Analysis, Wt%
Carbon 86.54 85.92 86.69 86.25 86.47 86.60 86.03 | 86.02
Hydrogen 13.36 13.68 12.38 12.32 12.38 12.55 11.47 10.86
Oxygen .33 41 - - - - - -
Nitrogen .022 .015 - - 0.15Est  0.12Est  0.39Est 0.44Est
Sulfur . . 0.004 0.005 0.55 0.52 0.10 0.08 0.33 0.34
llydrogen/Carbon Atom Ratio 1.84 1.90 1.70 1.70 1.71 1.73 1.59 . 1.50
Heat of Combustion
Gross, BTU/LB 19,537 19,688 19,470 19,520 19,485 19,585 18,950 18,430
MJ/kg 45.44 45.79 45.29 45.40 45.32 45.56 44.08 - 42.87
Net, BTU/LB 18,318 18,440 18,341 18,396 18,391 18,440 17,904 17,439
MJI/kg 42.6 42.89 42.66 42.79 42.73 42.89 41.64 40.56
Accel. Stablllty,MG/100ml 0.20 0.14 3.3 2.3 (Pilter plugged on all SRC~II samples)
Steam Jet Gum, MG/100ml 0.0 0.0 15.3 16.5 42.4 31.9 100.9 134.1
Cetane Number 48.9 44.9 45.4 45.0 42.0 41.1 31.4 25.4
21



TABLE 2.10 BROADCUT FUELS FOR EVALUATTON

Case No.
Sample No. AL~
Fuel Identification

Composition, VolumeX
LSR Naphtha

HSR Petroleum
Shale
Coal (Simulated)
Kero Petroleum
Shale JP-8
Diesel Petroleum
Shale DFM
~ Coal SRC-II
Light Cycle 011
N-Butane

Total

Properties

Gravity, °API
Speci fic Gravity, 60°F
Distillation, D-86, °F
IBP/5 volZ Recovered
10/20
30/40
50/60
.70/80
90/95
EP .
Recovery, %
Residue
Loss

Reid Vapor Pressure, LB
Viscosity, cSt at 40 °C
Pour Point, °F (°C)
Hydrocarbon Type, Vol %
Aromatics
Olefins
Saturates
Elemental Analysis, Wt
Carbon
Hydrogen
Sulfur
Hydrogen/Carbon Atom Ratio
Heat of Combustion
Gross, BTU/1b
MJI/kg
Net, BTU/1b
MI/kg

Cetane Number

ROCKY MOUNTAINS MID-CONTINENT GREAT LAKES
16 Z TA 5 2 5 %
10286 10305 10306 10307 10308 10309 10310
BCF-1 BCF-2 BCP-3 BCF-4 BCF-5 BCF-6 BCF-7
40.0 32.0 39.9 17.3 7.4 20.3 19.7
26.9 0 0 32.1 4.8 50.5 34.0
0 35.0 o 0 20.9 0 15.8
0 0 45.8 0 0 0 0
0 0 0 0 22.0 0 0
0 10.0 0 0 0 0 0
19.7 7.7 0 30.6 23.0 22.1 4.1
0 0 0 0 0 0 0
0 -0 0 0 6.2 0 19.6
11.8 11.5 11.4 11.5 5.2 ] 0
1.6 3.8 2.9 8.5 10.5 7.1 6.8
100.0 100.0 100.0 100.0 100.0 100.0 100.0
51.4 53.2 55.4 47.9 461 55.6 48.0
0.7736 0.7661 0.7571 0.7887 0.8058 0.7563 0.7883
89/121 81/92 81/97 73/100 69/127 81/105 81/109
133/157  117/157  117/143  127/175  199/279  130/168  133/181
181/207 200/242  167/188  211/246  319/387  195/217  213/237
237/291 280/318  210/235  305/460  446/482  238/265  261/291
484/534 355/438  268/325  512/547  S04/539  295/450  333/412
590/644 542/600  435/570  600/637  620/- 562/612  506/556
662 634 615 679 670 669 600
96.0 96.5 96.0 98.0 9.0 97.5 98.0
1.5 1.5 1.5 1.0 1.0 1.5 1.0
2.5 2.5 2.5 1.0 5.0 1.0 1.0
9.2 9.8 9.9 10.9 10.6 9.9 9.8
0.79 0.72 0.59 0.98 1.53 0.75 0.73
-22(-30)  <52(-47) ~76(-60) =-15(-26) =-22(-30) ~-31(~35) -76( -60)
16.4 14.8 15.3 18.2 16.2 12.5 18.4
0.0 0.3 0.0 0.0 0.0 0.0 0.0
83.6 84.9 84.7 81.8 83.8 87.5 81.6
85.89 85.65 85.96 86.03 86.05 85.45 85.73
13.71 13.9° ° 13.76 13.46 13.22 14.09 13.03
0.31 0.31 0.30 0.31 0.17 -0.015 0.1
1.90 1.94 1.91 1.86 1.83 1.96 1.81
20,445 20,345 19,990 20,140 20,035 20,385 19,835
47.56 47.32 46.50 46.85 46.60 47.42 46.14
19,194 19,076 18,735 18,912 18,829 19,100 18,649
44.65 44.37 43.58 43.99 43.80 44.43 43.38
Vs
31.1 30.9 25.0 33.8 35.2 33.4 22.7
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TABLE 2.11 HYDROCARBON TYPE ANALYSES, VOL 7%

Straight Run Hydrocracker Sim. Coal Broadcut
Sample Kerosene Kerosene Naphtha Fuel-3
Sample No. AL-9749-F A1-9998-F AL-10304-F AL-10306-F
l. Mass Spectrometer
Paraffins : 42,88 45.39 37.30 48.00
Naphthenes*
Monocycloparaffing 16.51 26.99 32.50 24.90
Dicycloparaffins- 16 .41 16.61 6.50 9.90
Aromatics®* _ :
Alkylbenzenes 14.75 , 6.22 19.30 13.70
Indans & Tetralins 5.11 ' 4.00 4,40 3.50
Naphthalenes 4,15 0.53 0.00 0.00
Benzothiophenes 0.19 0.26
Tot al 100.00 100.00 100.00 100.00
Carbon No.
Paraffins ' 4 . 8.32 9.45
Alkylbenzenes 7.59 7.72

2. Fluorescent Indicator Adsorption

Saturates » 72.6 86.5 79.30 82.70
Olefins 3.1 2.8 1.10 1.20
Aromatics 24.3 10.7 19.60 16.10

*Note: Mass spec determines olefins as naphthenes, cyclic. olefins as aromatics.
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ITI. SYNFUELS EVALUATION - ENGINE TESTING

The fifteen fuels were evaluated initially in single-cylinder
CLR engines and results are presented in this report. Further
multi-cylinder testing on selected fuel is planned to be done later.

A. Description of Test Equipment

The fuels were tested in a CLR direct-injection diesel engine.
This type of single-cylinder, four-stroke engine was originally
.developed for lubricant evaluations. It has also been used for fuel
testing because of its adaptability to other cylinder head
configurations and for installing instrumentation. The engine
specifications for this series of tests were:

- Compression Ratio 14:1

Bore 3.80 inch (9.65 cm)

Stroke : 3.75 inch (9.53 cm)
Displacement 42.5 cubic inches (696.6 gm3)

The engine was coupled to an eddy current dynamometer. The
load was measured by torque reaction on a strain gauge type
electronic load cell.

Two fuels were tested on the first CLR engine. This engine was
being shared with another project which involved frequent
modification of the fuel system. Since it would not be possible to
get consistent comparisons with changing equipment, the testing was
switched to a second CRL engine at the Army Fuels and Lubricants
Research Laboratory. The second engine was identical to the first
in all major factors. :

Emissions analyzers for the two systems were as follows:

Compound CLRF 1 CLRF 2

Carbon Monoxide Beckman Model 315B NDIR Beckman Model 865 NDIR
Carbon Dioxide Beckman Model 315B NDIR Beckman Model 865 NDIR
Hydrocarbons . Beckman Model 402 FID Beckman 402 FID

Nitric Oxide Thermo-Electron 10A Beckman Model 995

Chemiluminescence Analyzer
Total Oxides of THermo-Electron‘IOA Beckman Model 955
Nitrogen Chemiluminescence Analyzer '

with NOx Converter

Oxygen ' Beckman Fieldlab Oxygen Beckman Model DM-11A
Analyzer
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With the CLR#1 system, all instruments were on-line with
continous flow of sampled exhaust gas. With the CLR}2 system, an
evacuated plastic bag was filled with exhaust gas at a controlled
rate and then taken directly to a bank of analyzers for simultaneous
measurements. The comparative particulates samples were collected
on filter paper with the system shown in Appendix C.

A closed fuel system was devised for minimizing vapors from
coal-derived fuels in the engine test cell. All necessary vents
were connected by tubing to the exhaust fan. Details are shown in
Appendix C.

B. Description of Test Procedure

Since the objective of the engine testing was to compare the
test fuel performance with a baseline diesel fuel, the comparison
should be made with a minimum of other changes., The following
chart shows the combinations of CLR engine with base fuel and test
fuels. In the discussion of results in the following section,
Paraho DFM is compared with Howell No. 2-D and all other fuels are
compared with Phillips D-2 baseline fuel.

Baseline Fuels CLRF1 - CLR} 2
Howell No. 2-D X

Phillips D-2 . X
Test Fuels

Paraho DFM X -
All Other Diesel Fuels X
All Broadcut Fuels X

The test matrix for CLRf 1 was set up to measure performance (P)
and emissions (E) at various loads and 3 speeds, as follows:

‘Torque, ft-1b 4 . 8 12 16 20 24
| 1,000 RPM P,E P,E : P,E
| 1,560 RPM P,E P,E P,E = P,E P,E P,E
2,000 RPM _P,E ' P,E P,E

When the testing moved to CLRF2, the test matrix was modified
to obtain more data points on performance. Also the -engine
operation was unsteady at 4 ft-1b torque and smoky at 24 ft-1b.-
Therefore, the matrix was shifted for better coverage, to the
following:
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Torque, ft-1b 6 10 14 18 22

1,000 RPM P,E P P,E P P,E
1,500 RPM P,E p P,E P P,E
2,000 RPM P,E P P,E P P,E

Results of engine tests are summarized and discussed in
Section IV.
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IV. RESULTS AND DISCUSSION

Performance and emissions data were obtained in two single-
cylinder CLR engines as described in the preceding section.
Complete data are given in Apppendix D for two baseline fuels, eight
diesel fuels, and seven broadcut fuels with a variety of physical
and chemical properties. The results discussed in this section
include the significant variations in peformance or emissions for
the test fuels. Comparisons are made with a baseline fuel at a
common brake horsepower output. Possible reasons are offered for
the differences, based on a recent study of fuel-related causes of
emissions. (6) ’

Because of the relatively small number of tests on each fuel,
the results indicate trends for the type of engine used for testing.
Comparisons among the various fuels should be made on a qualitative
basis rather than apply precise quantitative differences.

A. Definitiohs and Data

Performance data are reported and discussed in various units
for power and fuel consumption as usually applied in engine testing.
(7) Power was calculated as Brake Horsepower (BHP) and Brake Mean
Effective Pressure (BMEP) for data tabulations in Appendix D, but
only BHP is used in the discussion. The Air to Fuel Weight Ratio
(AFR) was also tabulated.

Fuel consumption was meaéured in pounds per unit of time and
converted to three forms tabulated in Appendix D, as follows:

Brake specific fuel cohsumption (BSFC) Pounds
BHP-Hour
Brake specific energy consumption (BSEC) BTU
BHP-Hour
Specific Range BHP-Hour
. Gallon

Only BSFC and BSEC are used in the discussion. Specific Range 1is a
volumetric measure of fuel economy, similar to miles per gallon, and
is an inverse function of BSFC incorporating fuel density; it was
calculated when data were stored on computer tapes.

Emissions data are reported for four exhaust components as
percentages of exhaust gas as follows:

Particulates Weight?
Nitrogen Oxides (NOX) Volume?%
Hydrocarbons (HC) Volume?
Carbon Monoxide (CO) Volume?
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Fuel consumption data in BSFC and BSEC versus BHP for each fuel
are presented in graphic form in Appendix D. Curves for all three
speeds were generated with a least squares polynomial equation curvs
fitting program. Second order equations of the form y = A+Bx+Cx
were used in all cases. Similar plots are not presented for
emissions data versus BHP because the smaller number of emissions
measurements and an unsual amount of scatter in the data produces
less reliable curves. .

Fuel comparisons in this section of the report are based on
relative performance and emissions at 75 percent of maximum load, or
18 ft-1b torque. For example:

Relative BSEC at 18 ft-1b = BSEC for Test Fuel
BSEC for Ease FueI

This load is close to minimum fuel consumption on the -BSFC curves
for most fuels and corresponds to the following horsepower at the
~three speeds: ' :

Speed ,RPM BHP
1000 3.43
1500 5.14
2000 . 6.85

Comparisons on this basis avoid problems of slope or curvature of
the least squares line. Scatter is not eliminated but variations
may be less in the area of higher engine efficiency.

B. Diesel Fuels

Two shale-derived fuels were used as received. Two shale-
derived blends and two coal-derived blends were prepared using
patterns from the refinery modeling studies to make 41 to 45 cetane
number product meeting No. 2-D specifications. 1In addition, two
lower cetane diesel fuels were blended with SRC-II.distillate ‘to
explore the maximum proportion of this component that could be used.
The blends met the properties selected as targets. Their
compositions and properties are reported in Table 2.9 for reference
in the discussion of performance.

Relative performance of the four shale-derived diesel fuels in
the CLR engine at 75 percent load and three speeds is presented in
four- figures, as follows:

Figure 4.1A Relative BSEC

Figure 4.1B Relative Particulates
Figure 4.1C Relative NO

Figure 4.1D Relative Hygrocarbons

29



1000 RPM

1

1560 RPM

2000 RPM

avava

1200 RPHM

—

1580 RPM

L2

2000 RPM

EOAA

S O O = = = e e N NNN DL
« e . . » e« « & s e e s .
& 06 O O N A2 OO O N S O DO

(.- -]
« .
on

FIG.4.1R RELATIVE BSEC

SHALE-DERIVED DIESEL FUELS
REL BSEC AT 18 FT-LB LOAD )

[
e % V) _
1 ] ? 20 ?«
ol / Z /
< A
- ) ¢ / 2%

FIG.4.1B RELATIVE PARTICULATES

SHALE-DERIVED DIESEL FUELS
REL PARTIC @ 18 FT-LB LOAD

RERARERARAREBRARARE B

N
] |
NN
SNRN

1 R

YT

CASE 2R CASE 3 ) DFM JP-5
RPM '

30




1800 RPM

——

1500 RPM

7]

2000 RPM

- BOEA

1060 RPN

I

1500 RPM

277}

2000 RPM

- BOEA

O O O O ® = = = = = NN NN W
O N O O O N SO O ON I DO

O 0 O ® ©® = = = = = N N NN DN
s e s ® s . . s e « e s e @ . e
O N & O O O N & OO O NS OO

FIG.4.1C RELATIVE NOx

SHALE-DERIVED DIESEL FUELS
REL ‘NOx AT 18 FT-LB LOAD

YT T T T

NNNN

SO
SO\

K

CRSE 2A CASE 3 : DFM JP-5
'RPM

FIG.4.1D RELATIVE HYDROCRRBONS

SHALE-DERIVED DIESEL FUELS
REL HC AT 18 FT-LB LORD

T T T T T T T

XK
SOONCRY
X XXX

ML

CASE 2A ’ CRSE 3 JP-S

78 7a (1

31



Figure 4.1A shows that Paraho DFM and JP-5 have slightly lower
BSEC at most speed conditions. The BSEC function includes the
ad justment for BTU content of the fuels. Therefore, it appears that
these two fuels were used more efficiently by the engine. Both
fuels have a narrower boiling range than the base fuel, considering
the 107 and 90% temperatures, which could lead to more complete
combustion. The other two fuels show no significant differences in
fuel consumption.

Figure 4.1B indicates that JP-5 produced lower particulates
emissions which would be expected from its lower boiling point.
This property also produced the higher hydrocarbons emissions shown
on Figure 4.1D, since these may increase with fuel that is more
easily vaporized in the injector. '

Shale Case 2A and Case 3 fuels exhibit only minor differences
from baseline fuel. Lower hydrocarbon emissions for both of these
fuels on Figure 4.1D appear to be related to their narrower boiling
range and lower end point than the baseline fuel.

A similar set of plots is provided for the four coal-derived
fuels on Figures 4.2A through 4.2D. Relative fuel consumption on
Figure 4.2A shows' very small differences from base fuel. The SRC-II
low cetane blend is lower at 1000 RPM, but this is probably a result
of normal data variation at low fuel usage rate.

All four coal fuels produced more particulates emissions, as
indicated on Figure 4.2B. Higher aromatics and lower. hydrogen
contents are the probable reason for this result in SRC-II medium
and low cetane blends. However, the Case 5A and Case 12 blends had
aromatics and hydrogen contents similar to the Shale Case 2A and
Case 3 blends. Higher particulates emissions than the shale fuels
(see figure 4.1B) are probably related to the higher 90% points for
the coal fuels. Higher viscosity may also have been a contributing
cause; three of the fuels ranged from 2.83 to 3.08 centistokes (cSt)
at 40°C compared with 2.48 cSt for the base fuel. Coal Case 12 with
lower 90% point and lower viscosity at 2.61 cSt showed slightly
lower particulates than the other coal-derived fuels.

Hydrocarbon emissions for Coal Case 5A on Figure 4.2D were
higher than base fuel which may be related to viscosity and 90%
point. Other emissions from coal-derived fiuels appear to be
equivalent to base fuel. '

All shale-derived fuels ran well in the CLR engine-at all
speeds. So did the two coal-derived blends containing 13 and 16
volume percent SRC-II distillate with 41 and 42 cetane numbers.

When coal distillate was 1increased to 35 volume percent, the
31.4 cetane number blend caused moderate to severe knock at all
speeds. The fuel ran erratically at 2000 RPM, and some speed and
load conditions could not be run. With 50 volume percent coal-based
distillate and 25.4 cetane number, severe knock occurred at all

32



FIG.4.2R RELATIVE BSEC

COAL-DERIVED DIESEL FUELS
REL BSEC AT 18 FT-LB LORD

3.0
1880 RPM 2.8 |
2.6
7 i
2.4
1500 RPM 2.2
2-0 - t
1.8 }
2000 RPN 1.6
avava 1
1.2
S 2] awa
0.8 - /
+ 4 / / A
8.6 / / /// //”
: % % . -
8.4 | Y / / /
0.2 | V/ Kﬂ
0.0 L
COAL CASE 5RA COAL CRSE 12 MEDCETANE LOWCETANE

RPM

FIG.4.2B RELATIYE PARTICULATES

COAL-DERIVED DIESEL FUELS'

3.0 REL PARTIC @ 18 FT-LB LOAD
TF 7 “
1000 RPM 2.8 |- 1 3.1 3.7 8.3
2.6 | // '// ‘ 7‘8
— S E ¢ =S
1500 RPN 2.2 [ /j/ 7t} ::; I ::4 Z;?
2.0 - d /A A y
tr771 |, L 4 L/ 4 L
2000 RPN 1.6 — y// - p// /// \ P// .
vavava B g g g gie
1.2 /] 4 N 4 /
1.e - [7 = // At /j 7aS // )\/
0.8 | e Q e {>2 /] <> /] %
vl SN % % ’
e b | V] % g 114
2@ COAL CRSE SR COAL CASE 12 MEDCETANE LOUCETR;E
RPH

33



1000 RPM
1500 RPM

r o771

2000 RPM

avava

1000 RPM

C

1500 RPM

271

2090 RPM

aava

® 8 O® & ® = = = = =~ NN NDNDN W
. e e e I e s e o . . .
O N & 060 0 O N E O ® O N L O © o

O T OO0 O = === NN RN W
. . . . . . . . . . . . . . . .
O N & 0D N E D ON DO OO

FIG.4.2C RELATIVE NOx

COAL-DERIVED DIESEL FUELS
REL NOx AT 18 FT-LB LOAD

7 oo 57

r. N

- g 1

o7 ¢ g

a 4

[ A | X
CORAL CASE 5A CORL CASE 12 MEDCETANE LOUWCETANE

RPM

FIG.4.2D RELATIVE HYDROCARBONS

COAL-DERIVED DIESEL FUELS
REL HC AT 18 FT~LB LOARD

A

+

: 2
3 el
[ [

[ ;_;; _ ;:gi
- /233 :;:g X ;:g;
L L/

3 //22 //25 //éﬁ

COAL CRSE SR COAL CASE 12 MEDCETANE LOMCETdNE
RPM ’

34




speeds. Misfiring with the latter two fuels also caused erratic
emissions results. Cold starting with the lowest cetane fuel was
not possible.

It appears that SRC-II middle distillate can be used at
concentrations under 20 volume percent, if an increase in
particulates and perhaps hydrocarbon emissions can be tolerated.
However, even at low concentrations, the fuel blend has low
stability and strong and persistent odor. Hazards of vapor
inhalation and skin contact require special handling procedures. It
was recognized that the SRC-II material was not a finished product.
Upgrading by hydrogenation or other treating would alter its
properties and composition and make a much better diesel fuel. It
was felt worthwhile to evaluate its performance in blends, to
indicate the degree of upgrading that might be required.

C. Broadcut Fuels .

The seven broadcut fuel blends met the properties used as
blending criteria as discussed in Section II. The resulting family
of fuels has a diverse array of compositions and properties reported
in Table 2.10. Cetane number, which was not a target, varied from
22.7 to 35.2, The total of light and heavy naphtha fractions varied
from 33.1 to 85.7 volume percent. Aromatics countent stayed in a
fairly limited range of 12.5 to 18.4 volume percent, and hydrogen
from 13.03 to 14.07 weight percent.

A few composition and property factors that affect performance
and emissions are given on Table 4.1 for ready access in the
discussion of test results. The seven fuels will be referred to as
BCF-1, BCF-2, etc., instead of the longer case number identifiers.

TABLE 4.1 - SELECTED BROADCUT FUEL DATA

Base
Fuel . Diesel BCF-1 BCF-2 BCF-3 BCF-4 BCF=5 BCF-6 BCF-7
Stocks Petr. Petr. Shale Coal Petr. Shale Petr. Shale
& Coal. & Coal
Composition, VolZ
Naphthas : - 6.9 67.0 85.7 49.4 33.1 70.8 69.5
SRC-II Mid. Dist. - - - - - 6.2 19.6
Lt. Cycle 0il - 11.8 11.5 11.4 11.5 5.2 -
Distillation, °F 4
10 432 133 117 127 127‘ 199 130 133
90% : 574 590 542 435 600 620 562 506
_End Point 608 662 634 615 679 670 669 600
Cetane No. " 48.0  31.1  30.9 25.0 33.8 35.2  33.4 22.7
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Relative performance and emissions data at 75 percent load and
three speeds are presented in four bar charts, as was done for the
diesel fuels earlier. Data are missing at 1000 RPM for some of the
fuels which would not support stable operation at that speed,
especially at low loads. The three all-petroleum fuels - BCF-1,
BCF-4 and BCF-6 - are in Figures 4.3A through D. The remaining
fuels containing synthetic components are on Figures 4.4A through D.
Performance and emissions appear to be affected more by properties
or composition than by origin of the stocks, so all seven fuels will
be discussed as a group.

Fuel consumption as BSEC was consistently high for all seven
fuels. Although the amount of increase varied from about 2 to 20
percent, an overall average could be about 10 percent increase.
Since energy content of each fuel is included in the relative BSEC,
it appears that the CLR engine used the broadcut fuels less
efficiently. The fuel-related reason for the lower efficiency is
probably the large proportion of naphtha boiling under 400°F,and
particularly the amount of light straight run naphtha as indicated
in fuel compositions on Table 2.10. Partial support for this opinion
is that two fuels with the lowest percentage naphtha - BCF-4 and
BCF-5 have close to 1.0 relative BSEC. BCF-3, one of the fuels with
the high light naphtha and total naphtha content has the highest
relative fuel consumption.

Cetane number correlates inversely with naphtha content and
could be involved with fuel consumption, with two exceptions. BCF-6
has one of the higher cetane numbers, due to the absence of light
cycle o0il, but sccond highest BSEC. BCF-7 has the lowest cetane
number, with the most SRC-II used in any blend, but shows relatively
low BSEC. Comparing BCF-6 with SRC-II medium cetane diesel fuel at
about the same cetane number, the broadcut fuel with its wider
boiling range had higher fuel consumption.

Particulates emissions were high with three fuels - BCF-1,
BCF-4, and BCF-5. Nitrogen oxides were relatively high with BCF-2,
BCF-4, and BCF-5. These two emissions generally increase with
higher 90% distillation temperatures or with wider boiling range
which applies with three of the four fuels. Particulates were low
with the other fuels, as would be expected with lighter fuels.

A common factor for all seven broadcut fuels was their high
relative hydrocarbon emissions, at all speeds or at the highest
speed. This effect occurs often with light fuels, of which these
are extreme examples. Causes of incomplete combustion may be
related to injection timing, injection duration and injector tip
design. The fuels caused misfiring at various load and speed
conditions which may have been improved by injector adjustments.

&
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Qualitative aspects of broadcut fuel performance included
audible knock from all fuels. Probable cause was ignition delay
followed by abnormally rapid pressure rise after ignition. A
technique was devised for the operators to calculate rate of
pressure rise from the oscilloscope trace, with an arbhitrary limit .
of 100 psi per degree of crank angle. If a run condition exceeded
that 1limit, it was abandoned.

The rate of pressure rise was highest at low speeds.
Therefore, only partial data were available at 1000 RPM on some
fuels. Unstable operation at 1000 RPM (misfiring on every other
cycle) eliminated other data. :

The CLR engine started on most of the fuels tested, with
occasional help from ether starting fluid. The two lowest cetane
fuels - BCF-3, and BCF-7 - required that the engine be started and
warmed up on diesel fuel. .

The broadcut fuels were tested on the CLR engine with no
modifications. The objective was screening tests on the fuels,
within the normal fuel tolerance of the engine, to demonstrate
relative performance and emissions for an unconventional type of
fuel. No attempt was made to optimize the engine operation by
advancing or retarding the injection timing. Other options might
have included modifying the injector, or revising the compression
ratio. '
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V. CONCLUSIONS

A. Fuel Formulation

A variety of diesel fuels and broadcut fuels containing
components derived from shale oil and coal were blended for the
engine testing phase of the project.. The principal objectives met
in this phase of the project were: -

) Formulations for most of the. fuels were derived from

refinery modeling studies in the initial phase of the
project. : . :
° Fuel blends were prepared and met selected properties with

variations in components used..

° Communications were established through the Project
Technical Manager to provide research quantities of test
fuel to other laboratories.

B. Diesel Engine Testing

Eight diesel fuels were tested in a one-cylinder, direct
injection CLR diesel engine. Based on test results in comparison
- with the baseline fuels, the following conclusions are drawn:

. 1. Shale-derived DFM and JP-5, which were refined to meet Navy
specifications, showed minor differences from typical petroleum
baseline fuel. Fuel consumption was slightly less for both shale
fuels. JP-5 émissions included lower particulates and higher
hydrocarbons, probably because of differences from base fuel in
boiling range.

2. The Paraho products blended with'petroleum fractions to 45
cetane diesel fuel showed no significant differences in fuel
consumption or emissions. Stable operation of the engine was
obtained at all speed and load conditionms. '

3. SRC-II middle distillate at 13 and 16 volume percent in
blends with petroleum fractions (to 41 and 42 cetane) showed normal
fuel consumption and stable operation. - Both fuels showed higher
particulates emissions, and one fuel produced more unburned
hydrocarbons. :

4. At 35 and 50 volume percent SRC-II distillate in diesel
fuel, particulates emissions were substantially higher. Engine
knock was moderate to severe on the 31 and 25 cetane number fuels
and operation was unstable at 2000 RPM.
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5. Although SRC-II middle distillate could be used in diesel
fuel at concentrations under 20 volume percent, odor and contact
hazards would preclude its general use. Treating to overcome these
problems would also improve the performance and emissions
characteristics.

C. Broadcut Fuels

Seven broadcut fuels were tested in the same CLR engine as the
diesel fuels, to demonstrate performance and emissions relative to
the same baseline diesel fuel. The main findings were as follows:

1. Broadcut fuels can be run in a single-cylinder CLR engine
using the normal fuel tolerance of the engine.

2. Performance and emissions were affected more by the
properties and composition of the fuels than by differences 1n
origins from petroleum or synthetic sources.

3. All fuels had high relative fuel consumption, averaging
about 10 percent more than base fuel BSEC. The presence of naphtha
in the fuels is the probable cause. Fuel consumption increased with
higher percentages of naphtha in the blends, particularly the amount
of light naphtha.

4, All seven fuels exhibited high relative hydrocarbon
emissions which would be expected with the amount of low boiling
material but may also be related to the fuel injection system with
lower viscosity fuels.

5. -Three fuels showed high particulates and/or nitrogen oxides
because of wider boiling range and high 907 distillation
temperatures. '

6. All fuels caused knock which was more severe for the fuels
with higher naphtha content. Cold starting was not possible on the
two lowest cetane fuels.

7. The fuels were run at the same conditions as diesel fuel
for comparative data. Operation and performance may have been
improved by adjustment or modification of fuel injection. Control
of blend properties to provide a minimum cetane number and maximum
90% point may be advisable on .future blends.
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VIi. FUTURE WORK

Work to be done in the final phases of the project will be
centered in the following areas: \

l.q-Engine testing will be continugd.@n selected diesel andA
broadcut fuels. Chassis dynamometer studies will be made with four
fuels in comparison with the baseline fuel, including two diesel
fuels:

® Coal Case 5A
o SRC~II Medium Cetane

Two broadcut fuels chosen for chassis dynamometer testing are:

° Rocky Mountain Case & (Shale Base)
- ® . Mid-Continent Case 5 (Petroleum .Base)

2. A durability test run will be made with Coal Case 5A diesel-
fuel. ’

3. At least nine gasolines will be evaluted in engines for
performance and emissions, similar to work described for diesel and
broadcut fuels. CLR screening tests on all fuels will be followed
by chassis dynamometer and durability evaluations on selected fuels.
4, Distribution of samples to other laboratories has started
and will continue to the extent of sample availabilty. Data or
references from these other evaluations will be collected for

inclusion in the final report.
: "
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Qi ©i0 Corpeoradiomn

MATERIAL SAFETY DATA SHEET

MEDICAL & HEALTH RESOURCES DIVISION, TOXICOLOGY DEPARTMENT
P. O BOX 3240, PITTSBURGH, PA 15230

Middle Distillate SRC 1I MATERIAL
CODENUMBER ) OSRCII3APR810 SECTION | prerareo sy  C.R.Hopper
MANUFACTURER'S NAME EMERGENCY TELEPHONE NO. | NEW 4/81
P 1" i v _Coal Minine Lo, (713) 651-0693 :g:&s:c%s 8/79
R R Rl 10 b Expines . /82
%’AEMICAL NAME & SYNONYMS ’;riA dEl';AhIA)EisstislleaotNeYMs
CHEMICAL FAMILY FORMULA
Coal-derived middle distillate NA
CAS NUMBER
£8911-57-9 UN Number 1137
SECTION Il — HAZARDOUS INGREDIENTS
TLV TLV
MATERIALS % (Units) MATERIALS % {Units)
Middle Distillate 99+ * Benzene <1 |10 ppm
Phenolics, wt. % (10-25) 5ppm

*The health hazards, particularly skin lesions associated with coal liquefaction pro-
cesses, are recognized as potential health problems. Therefore, it is strongly recom-
mended that inhalation and skin exposure be kept to a minimum and that all recommended
precautinns be observed when handling this material. See Sections V and IX.

DOT HAZARD CLASS: Combustible liquid |

| SECTION 11 — PHYSICAL DATA

8OILING POINT °C (“F) 177-288°C 5951‘;'.:55?::&‘&'” (H20=1}

(350-550°F) 0.97
VAPOR PRESSURE (mm Hg.) ND P Y VOLUME (%) 97
VAPOR DENSITY (Air s ) ND EVAPORATION RATE ND
SOLUBILITY IN WATER Slightly solublr
APPEARANCE AND ODOR Amber to black oil, strong creosote-like odor.

SECTION IV — FIRE AND EXPLOSION HAZARD DATA

FLASH POINT FLAMMABLE LIMITS CEL UEL

LAs > 71°C (160°F) closed cup ] ND l I
EXTINGUISHING MEDIA

{(Oavrcoror Foam  fllcarBoN DIOXIOE B orv cHEMICAL @ Foam I vATER sPRAY (FOG)

Dotwer

SPECIAL FIRE FIGHTING PROCEDURES {Jge water spray to keep fire-exposed containers cool, flush
spills away from fire exposures and to disperse vapors. Use air-supplied rescue equip-
ment for enclosed areas. This material floats and emulsifies with water.

FIRE AND EXPLOSION HAZAROS  Combustible, Flammability similar to diesel fuel or kerosene.
Either misting of the material through handling or heating to its flash point is likely
to give sufficient vapors for ignition upon exposure to flame or incendiary sparks.

NA = Nor Applicable ND = No Data Available ' Gulf Modified Furm OSHA-20
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Middle Distillate

SECTION V — HEALTH HAZARD DATA

ested guideline for airhorne exposure to coalv-'derived materials:
ubles. ~ See Section II.

Severely irritating to the eyes; strongly irritating to the skin. Syue-l‘c toxiclty;
particularly CNS and respiratory cffects, can occur from the possible sikin absorption, inhaiation, ang ingescion
of this material due to the presence of phenolic compounds. Prolonged and repeated exposures may lead to derma- 1
titis and possibly to skin tumor formation. CAUTION: High press. skin injection may occur when working with fuel
injectors. Injury will not appear serious at first; within a few hours tissue will become swollen, discolored,
and extremely painful.

EMERGENCY AND FIRST AID PROCEDURES SKIN CONTACT: Immediately water deluge shower. Follow by rinsing with castor
or olive oil for laree skin surface exoosures. EYE CONTACT: Flush immediatelv with water for 15 min. INHALATION:
Remove from exoosure. aive artificlal resoiration if necessarv. INGESTION: DO NOT INDUCE VOMITING. (aspiration
hazard). Give 1-2 oz. activated charcoal followed bv 1-2 glasses of milk or Z-4 oz. of vesetable or olive oil.
Obtain immediate medical aid for all cases of contact. .HIGH PRESS. SKIN INJECTION: Emergencv medical treatment
oust be obtained immedtatelv after accidental infection. Physician must be familiar with local procedures for
treatment of this type of wound (i.e., incision, saline irrigation, removal of necrotic tissue and wound dressing.

Sugg
0.2 mg/m3 as benzene_so
€EFFECTS OF OVEREXPOSURE

SECTION VI - REACTIVITY DATA

X lconon'lons TO AVOID

STABILITY: | UNSTABLE STABLE

INCOMPATABILITY (Materisls 10 avoid)

Reacts with strong oxidizing materials.

[HAZARDOUS | oe‘c——omo's_r_%mor« RODUC

When heated to decomposition, it will emit irritating and toxic fumes.

HAZAROOUS
POLYMERIZATION: IMAV OCCuR T IWILL NOT OCCUR Ix CONDITIONS TO AVOID

i SECTION VIi — SPILL OR LEAK PROCEDURES

Oevacuare area B R T r SOV ONO ANOUNYs N HESE AWAY WITH WATER o
Wstoeriow B ARy OSSR Y8 R rons BSHLL S HATER GUALNV

EoLFM?(!;’:‘AI:tEOr:\,L::LiOMUAr:BEEES ]l #850RB OR scraPE uLP N AT Ve TER [ REMOVE SOILED CLOTHING
B Avoio inHaLATION ] vacuum e [ canoFiLL or LANDFARM [ REEP URWIND ANSe AREA
i ~voo cermaL contact [ oTHeR [ secure cremicaL LanDFILL .

SECTION VIl — SPECIAL PROTECTION INFORMATION }

e B S T

EXPOSURE LESS THAN TLv EXCEEDING TLV APPLICATIONS)
GENERAL VENTILATION Yes Yes
LOCAL EXHAUST Yes Yes
NIOSH - CERTIFIED
RESPIRATORY PROTECTION (1-3) | NA 2, if needed 3, for large spills
1. Particl Removing Air Purifing Air Respirator 2 Gasand Vapor Removing Air Purifying 3. Full Face Mask Positive Pressure- Demand

(Mechanical Filter) Respirator (Canister) Type Supplied Air
EYE PROTECTION | SAFETY GLASSES CHEMICAL GOGGLES | X | FACE sHIELD X Mk EXCELLENT
(G) GOOD
PROTECTIVE NEOPRENE G | poLvvinve aLcorol NR | PoLvETHYLENE NR|(F) FAIR
GLOVES : (P) POOR
NATURAL RUBBER BUTYL RUBBER R | POLYVINYL CHLORIOE | NR |/ VR) NOT RECOMMENDED

P
OTHER PROTECTIVE EQUIPMENT The lication of a skin barrier
Olnes during work is N cobhe app cream before work and several

S S : 4 SECTION I1X — SPECIAL PRECAUTIONS | Ea
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING Ayoid skin and eye contéct. Avoid thé inhalation
of mists, fumes, or vapors. Maintain good ventilation. Fresh change of work clothes daily

Showering and clothes change recommended at the end of each shift. Combustille hvdrocarbons
empty drums may contain combustible vapors. Wash out drums with water before discarding.

OTHER PRECAUTIONS ) N K

Animal data suggest that SRC materials have the potential of producing fetotoxic effects.

Therefore, it is prudent to prevent fertile females from receiving significant exposure
to this material. .

_NOTich FOR TRANSPORTATION SPILLS OR LEAK
The data and reconmmendations presented herein are based upon our rescarch EMERGEVCIES, CALL:
and the rescarch of others, and are believed 1o be aceurate. No guarantec CHEMTREC - 800 424 9300
of their aecurac: 1s made; Swowerver, and the products discussed are distributed (CHEMICAL TRANSPOFTAT.ON FMERGENCY
withowt warraniv, express or implicd. and the peeson receiving them shall make CENTER).
bis own determingtion of the suitahilite thercot lor his particular purbose.
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SRC 1T - MSDS ADDENDIM

DieseL Exraust PoTeNTIAL HazARDS - PROTECTIVE MEASURES

1.

USTION PRODUCTS WILL CONTAIN IRRITATING AND TOXIC FUMES AND SMOKE.
RRITATION TO THE EYES AND UPPER RESPIRATORY TRACT WILL OCCUR WITH OVER- |
EXPOSURE .

IZZINESS, NAUSEA, AND OTHER ﬂ EFBEﬁK? WILL ALSO OCCUR w' ?XEE SLRE.
SERVE THE VARIOUS REQUIRED ( AND RECOMMENDED TLVS
COMBUSTION MATERIALS,

OBSERVE THS 3%55@ GUIDELINES FOR AIRBORNE EXPOSURE TO COAL DERIVED
MATERIAL: BENZENE SOLUBLES.

VENT THE OPERATING ENGINE WITH LOCAL EXHAUST., IF LEAKAGE OF SEALS, GASKETS,
AND/OR VALVES ARE OCCURRING, THE USE OF GENERAL FLOW-THROUGH VENTILATION lS
ALSO RECOMMENDED.

FOR PREPARATION OF THE FUEL, WEAR PROTECTIVE GLOVES‘2)AND A LONG-SLEEVE SHIRT
WHERE POSSIBLE SPILLAGE OR SPLASHING MAY OCCLR,

THE USE OF PROTECTIVE EYE GOGGLES AND/OR FACE SHIELD 1S RECOMMENDED WHERE
THERE 1S A POSSIBILITY OF SPLASHING INTO THE EYES.

ALL CONTAMINATED CLOTHING SHOULD BE REMOVED AT THE END OF THE WORK SHIFT.
SPECIAL CLOTHES CLEANING PROCEIXRES SHOULD BE ESTABLISHED,

IroiviDuaLs ExposeD To SRC mmm.s SHOULD SHOWER AND CHANGE cn_omss AT
THE END OF EACH SHIFT, :

(3) BESIDES NEOPRENE GLOVES, DISPOSABLE VINYL OR LATEX GLOVES MAY BE USED ONCE

AND THEN DISCARDED WHERE NO SIGNIFICANT EXPOSURE RISK EXISTS.

THE PITTSBURGH & MIDWAY COAL MINING CO.
NORTH FORT LEWIS, WA 98433



PROCEDURES FOR COAL-DERIVED FUELS
General
1. Avoid inhaling vapors.
2, Avoid skin and eye contact.
3. Avold engine exhaust gas.

ENGINE TEST CELL AREA

1, Use closed fuel system with vapor vents to exhaust fan.
2. Run exhaust fans in test cell.
3. Stay in test cell only when necessary.
4. Use vapor barrier cream on exposed skin (optional).
5. When working with fuel or fuel system, wear the following:
" a. Safety glasses
b. Face shield or goggles
c. Gloves (neoprene preferred).

d. Long sleeve shirt or coat.

6. Avoid liquid drips or spills. Wipe up any liquid immediately
and discard rags. '

7. If skin contact occurs, wash affected area promptly or use safety
shower. Change contaminated clothing.

FUEL HANDLING

1. Wear the following gear:

' a. Safety glasses
b. Face shield or goggles
c. Gloves (neoprene preferred)
d. Long sleeve shirt or coal

2. ' Make transfers in fume hood if possible.

3. Keep containers closed. Wipe up any drips or spills.

4, Use funnel or tubing exclusively for this fuel. Wash with solvent
and then detergent-water mix at end of project, even if plan to

discard.

5. If get skin contact, wash affected area promptly or use safety
shower. Change contaminated clothing.
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APPENDIX B

BOILING RANGE BY GAS
CHROMATOGRAPHY, ASTM D 2887

53



06

B. 1  DIESEL AND BROADCUT FUEL COMPONENTS .

Component St. Run Hydrocracker St. Run Lt. Cycle Paraho Paraho . SRC-IT

Kerosene Kerosene Diesel 0il DFM JP-5 Middle
' 4 , Distillate
Sample No. AL-9749-F AL-9998-F " AL-9750-F AL-9751-F AL-9090-F AL-9089-F AL-9251-F

Distillation, D2887,°F

IBP - 238 194 304 289 281 317" 304
5 Wt , 365 287 443 451 388 339 368
10 408 331 477 469 424 347 . 387
20 438 386 - 501 499 461 360 420
30 454 409 520 521 489 379 450
40 : 461 428 539 541 509 389 471
50 474 443 © 559 563 525 404 497
60 486 456 581 587 547 419 514
70 | 493 473 607 611 - 566 428 536
80 501 501 - 644 637 582 . 448 563
90. : : 517 548 690 666 603 465 592
95 - 524 579 725 686 615 488 615

EP 617 714 816 737 645 545 - 710



es.

B.2 DIESEL FUELS

Fuel - Howell Shale Shale Coal Coal SRC-II SRC-T1I

No.2-D Case 2A Case 3 Case 5A Case 12 Med. Cetane Low Cetane
~ Sample No. , AL-9649-F AL-10255-F AL-10256-F AL-10287-F AL-10288-F AL-10289-F AL-10290-F

 Distillation, D2887, °F

~BP 282 283 261 291 256 290 294

5 Wt 395 359 367 393 378 371 370
10 426 393 405 427 418 404 399
20 ' 458 446 450 ‘ 463 458 443 434
30 - 485 481 474 489 478 467 462
o - 499 502 493 506 497 493 488
=) 521 524 513 523 511 511 505
€0 542 549 535 547 528 532 " 527
70 568 575 563 576 554 557 553
80 593 600 593 610 589 584 579
90 628 639 : 635 670 650 618 610
95 664 . 674 673 714 695 654 643

EP 789 796 792 810 795 - 763" 759



96

Region
Case No.
Sample No.
Fuel Identification
Distillation, D2887, °F
IBP '
5 We7
10
20
30
40
50
60
70
80 -
90
95
RP

B.3

Rocky Mountain

BROADCUT FUELS

Mid-Continent

16
AL-10286

BCF-1

29

77

95
146
179
217
247
323
496
550
618
661
756

Great Lakes,

4 7A 5 , 4
AL-10305 AL-10306 AL-10307 AL-10308
BCF-2 BCF-3 BCF-4 BCF-5
12 29 29 ‘29
35 75 - 35 33
86 84 99 - 84
157 141 181 242
209 170 222 304
259 197 274 365
303 223 344 453
337 259 496 487
386 304 536 505
491 375 580 538
579 522 638 600
633 600 678 652
737 700 779 757

AL-10309  AL-10310
BCF-6 BCF-7
29 29
33 35
79 84
156 - 166
186 207
219 236
239 264
276 303

311 343
491 442
576 , 521
634 566

683
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APPENDIX C
FUEL AND EMISSIONS SYSTEMS
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FIGURE C.1 CLOSED FUEL SYSTEMVFOR CLR ENGINE

1
| aaa

3/8 in,
TYGON TUBING

1

A Y
r_Exhaust Fan in
Outside Wall

500 in.3 WEIGHING
> gal CYLINDER
FUEL
SUPFLY .
1/4 in. TEFLON 1/4 in. TEFLON TO
TUBING and FROM ENGINE
Stand to Nd D—Qr-ﬂ:-‘-—
Allow ELECTRONIC BALANCE
Gravity LOAD CELL \
Feed L 4g
ﬁf i s
j

Base Plate

TUBING:

Anchor Points to
Damp Engine Vibration

Metal tubing or Teflon, heavy wall, for liquid lines.

Tygon tubing for vapor lines.
Tubing loops to minimize vertical thrust on

fuel weighing cylinder. .
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FIGURE C.2 PARTICULATE SAMPLE SYSTEM FOR CLR DIESEL

TO OTHER EMISSTIONS

EXHAUST | ANALYZERS

1/4 in. TEFLON

B TUBING
) et
~N

‘ detail INTERNAL
SAMPLE
RAKE
- / centered
ENGINE /
1/4 in.SS tubing
beveled outside
to knife edge
VENT TO
EXHAUST
FAN
J -
COIL IN o
TCE BATH =
used on CLR #2

not used on CLR #1

®

®
©

Millipore filter holder, 142 mm size
(max 200 PSI inlet, 100 PSI differential)
Used Pallflex filters T60A20 (fiberglass) 125 mm size

Air pump, bellows tvpe Robbins & HMeyers, Model No. KS-M330-Bowl
Part No. D-28817

Wet test meter (CLR #1) 3 2/rev (0.1 SCF). Sample 30-60 /test.

OR
Test meter (CLR #2) American Meter Division Type AL-120, 100 CFii.
4
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APPENDIX D CONTENTS

A

TABLES - PERFORMANCE AND EMISSIONS DATA

FIGURES - PERFORMANCE DATA FOR ALL FUELS

Table &
Figure No. Fuel Identification
D.1 Howell No. 2-D Baseline Fuel
" D.2 Phillips D-2 Baseline Fuel
D.3 - Paraho DFM
D.4 . Paraho JP-5
D.5 Shale Case 2A
D.6 Shale Case 3
D.7 . Coal Case 5A
D.8 Coal Case 12
‘' D.9 . SRC-1I Medium Cetane
D.10 : SRC-II Low Cetane
D.11 Broadcut Fuel 1
D.12 Broadcut Fuel 2
D.13 . Broadcut Fuel 3
D.14" Broadcut Fuel 4
D.15. Broadcut Fuel 5
D.16 Broadcut Fuel 6
D.17 - Broadcut Fuel 7
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LEGEND

* 1000 RPM
o 1508 RPHM
+ 2000 RPM

BSFC

FIG. D.1A HOWELL N®. 2-D BSFC VS BHP
CLR#1

LEGEND

* 1000 RPM
o 1508 RPHM
+ 2000 RPM

BSEC

FIG. D.1B HOWELL NB. 2-D BSEC ¥S BHP
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'HILLIPS D-2

RUNS BHP

267 Z.47

2 3.0S

4 2.33

S 1.55

6 0.86
122 3.89
142 2.29
Is8 3.47
179 2.02
i84 4.19
234 4.29
274 1.95
272 2.73
273 3.56
207 J.47
321 3.47
333 3.4%5

PHILLIPS D-2

RUN$ BHP

368 5.26

8 4.57

4 3.43

i0 2.30

i1 1.29
i23 Ho7?
124 2.62
12% i.20
359 5.33
354 S.16
ieo 3.02
i82 6.34
232 i.22
233 i.83
274 F 4
275 5.36
276 6.46
208 s.24
322 $.33

PHILLIPS D- 2

RUNS BHP
i2 7.66
i2 6.2
i4 4.5
is Z.10

269 2488
260 7.0
182 8.43
224 2.32
277 2.33
278 3.93
279 S.54
280 2:37
209 7.09
322 6.97
338 7.06

TABLE D.2 PHILLIPS D-2 BASELINE FUEL

PERFORMANCE
AL-9993-F 1000 rpm
BMEP BSFC BSEC
64 .72 0.541 9794
$6.77 0.565 10215
43 .43 0.614 11102
28.88 0.75S 13658
16.07 1.009 18250
72.4S 9.504 9424
42 .69 0.681 12322
64 .65 0.530 9596
37.64 0.600 10847
78.10 0.523 945S
79.98 0.650 11762
36.40 0.599 10836
$0.85 0.524 9483
66.28 0.548 9920
64.58 0.568 10286
64 .65 0.565 10222
64 .33 0.582 10168
AL--9993-F iS00 rpm
BMEP BSFC BEEC
65.39 0.545 98565
S6.77 0.551 9978
42.58 0.584 10S0S
28.53 0.740 12843
16.07 0.858 15523
74.75 0.504 9117
45.03 0.582 10533
14.%0 1.034 18703
66.25 0.549 9942
64 12 0.533 P644
37.47 0.660 11938
78.77 0.516 9331
i5.12 1.134 20822
22.78 0.829 14999
36.87 0.694 12499
66 .60 0.5S0 9956
80.23 0.551 997S
64 .68 0.584 10564
66.25 9.5386 9704
AL-99932-F 2000 rpm
BMEP BSFC BSEC
71 .39 0.549 9942
£7.87 0.538 9730
AZ.2% 0.598 10827
28.92 0.709 12825
66 .25 0.537 9724
65.74 0.556 10057
78.5% 0.564 10210
21.7% 0.900 16277
21.72 0.814 144673
36.58 0.69S 125814
©1.62 0.579 10482
66.78 0.537 9720
66 .10 0.55¢0 9946
64 .97 0.5314 96014
65.82 0.5%52 9989

HILLIPS D- 2
b S
4 2.33

g 0.88

12 3.89
142 2.29
144 4.58
79 2.02
L
B
267 ;137

PHILLIPS
RUN’ B
: 4

V1N © N D & B NN

G (N G 1 o o o 1 e b
DOBN D NSUIEUIS Lise

P AT B DD OO BT
CUrARE SRERIRIVEY

o

FRILIrS p- 2

RUNS BHP
i 7ee
12 17
ig gg
W oI
7%

64

EMISSIONS
AL--9993-F 1000 rpm
art NOx 'HC'F
Py The 1
.:3523 gfl;ga 0.1079
B R
fHe fbe oo
R BT
Eigég oiossg 0.1505
AL--9993-F 1500 repm
it Pl T
g pie §
g
3 173’7 2“3
BoopHn Lk
9 R4 9228
i3 8538 % it
oy i
AL-9992-F 2000 rpm
Ui Sl o
Boiaz  glgets  aieses
Hin 811 B
g (B [
R AR R R

13 runs

0
- |

NN 1D O r T LT

SO~ DTSN
m»ggﬁgu.o3.§.

SO00O0aONOODOD

16 runs
CO
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co .
84478
0.4500
0.5200
85282
=.=77
00838
0.0540
0.0820

GG BTV B LIN S D
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LEGEND

* 1000 RPN
o 15808 RPHM
+ 2000 KRPM

0.60
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FIG.D.2R PHILLIPS D-2 BSFC VS BHFP
CLR =2
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16000 1
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* 1080 RPH
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+ 2000 RPM
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TABLE D.3 PARAHO DFM

EMISSIONS

PERFORMANCE

AL-9090-F 1000 rpm 6 runs

PARAHO DFM

AL-9090-F 1000 rpm 6 runs

FARAHO DFM

NN
Nl

NN

CTDHYOI D
OIS0

WSO
mnl—bbbso
TMNNON
OF i et e et et

O TTU
9759821
EONOOwT
mONTIM-

00 w00
m-/os—bé—/
meITtitive

N NOOS N
Zoo0ooe
JesTinm
O ot et sl et ek ok

66

AL-9090-F 1500 rpm é runs

PARAHO DFM

AL-9090-F 1500 rpm 6 runs

PARAHO DFM

TR0
N0l O-on

NSO T 0

#MTNOND
Zoooooo
Innninnn
OF ot et ot et

TOO OO

anennne
oM

WD
JLTN s B TeT 1 ]

Mennoln
MOV O— NN

<TNOOMM
alnhTNoD

#MITNOON
ZzZoooooo
unininnnn
OF ot o et vt ot

AL-2090-F 2000 rpm 3 runs

PARAHO DFM

AL-2090-F 2000 rpm 3 runs

PARAHO DFM
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TABLE D.4 PARAHO JP-5

PARAHO JP-S AL-92088~F 1000 rpm 7 runs PARAHO JP-S AL-92088~-F 1000 rpm 4 runs
RUN# BHP BME BSFC BSEC RANGE AFR o,
17 3.82 71 .24 0.502 9265 13.39 31.48 RUN# EHP Part NOx HC co AFR
18 305 57 86 0:533 83 12 62 3683 19 2.37 0.0068 0.0445 0.0677 0.1430 34.73
. . . . -z 2 002 L0332 .084 0.0585 66. 46
20 .56 29.06 0.7 13717 905 53 82 21 L I L N i ==
21 0.54 16.89 1.042 19207 5.46 56 . 46 47 3.82 0.0432 0.0608 0.1577 0.23 .
235 .93 36.05 0.631 11629 10.67 49 .38 236 3.84 0.0062 0.0729 0.1457 0.2330 30.49
236 3.84 71 .50 0.506 5334 1331 3049
PARAHO JP-S AL-9088-F 1500 rpm 8 runs PARAHO JP-S AL-9088-F 1500 rpm 4 runs
RUN# BHP BMEP
22 5.85 72.74 87556 3 aNoe 255y RUN# BHP Part NOx ‘HC’ co AFR
23 it 5709 0:827 Rest 12.78 33.24 22 5.85 0.0071 0.0754 0.1200 0.1320 27 .34
3 y 3 ¢ : 24 3.54 0.0072 0.0595 0.0954 0.0600 39.84
2
52 138 B9 1 i1 738 ¥ 26 £.29  0.0073  0.0369  0.0840 0.0760  63.26
237 1.96 24 .34 0.794 14588 8.54 S2.70 238 3.04 0.0060 0.05%6 0.06314 0.054S 44 63
238 3.04 37.79 0.602 11094 11.19 33 £3
239 6.40 7948 0.547 10088 12.30 23.22
PARAHD JP-S AL-9088-F 2000 rpm 7 runs PARAHO JP-S AL-9088~F 2000 rpm 4 runs
RUN# BHP BMEP BSEC BSEC RANGE AFR
g7 784 7399 0532 3802 1266 2962 RUN# EHP Part NOx “HC* co AFR
: ; : 2 . 27 7.84 0.0043 0.0920 0.0995 0.1440 24 .62
$§ 131¥ 8 i Y e s 29 4.58  0.0020 0.0680  0.0805  0.0450  38.26
231 1% 1455 g-922 $7007 730 7213 34 1.56 0.0027 0.0323 0.0634 0.0800 72.19
7 §-&7 88-57 0-82¢ 3338 547 3142 240 2.43 0.0032 0.0330 0.0646 0.0730 5112
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FIG.D.4A PARAHO JP-5 BSFC VY& BHP

24000

LEGEND

BSEC

o 1580 RPM

FIG.D.4B PARAHO JP-5 BSEC VS BHP

69



oL

TABLE D.5
SHALE CASE 2A AL-10255-F 1000 rpm 6 runs
"5 "B Pi%h.  BES, BSEC,  hange  arR.
33 3.07 57.23 0.573 105114 12.50 35.45
34 2.30 42.79 0.494 9404 14.43 S4.27
3 08 fiis 8% 1sde iz sl
352 3.53 55.78 0.524 9612 13.67 32.67
CHALE CASE 2A AL-10255-F 1500 rpm 8 runs
RUN$ BHP BME BSFC BSEC RANGE F
37 5.73 71 .24 0.539 9887 13.29 22.26
38 4.560 57.09 0.537 9858 13.33 33.34
39 2.48 43 29 0.631 11580 11.35 37.64
40 2.47 30.64 0.705 12933 10.16 47 63
44 1.27 15.72 1.059 19425 6.76 61.94
7S R v N S (O
353 5.21 64.72 0.562 10316 12.74 27.54
CHALE CASE 2A AL-102S55-F 2000 rpm 8 runs
RUN#$ BHP BMEP BSFC BSEC RANGE AFR
42 7.86 73 .24 0.548 10057 13.06 23.64
43 6.24 S8.12 0.556 10203 i2.88 39.37
44 4.84 44 84 0.609 14173 11.76 35.08
45 2.09 28.81 0.724 13286 9.89 45 .84
46 1.89 17 .63 1.009 18509 7.40 54 .48
244 2.49 23.21 0.855 15686 8.38 48 .30
245 8.50 79.23 0.533 97714 13.45 22.57
353 7.09 b6.10 0.553 10134 12.97 35.81

SHALE CRSE 2R

SHALE CASE 2A AL-10255-F

RUN$
32
34
36

3s2

SHALE CASE 2A AL-1025S-F

RUN#
37
39
41

353

243

SHALE CASE 2A AL-1025S-F

RUN#
42
44
46

354

245

BHP

3.83
2.30
0.87
3.53

BHP

5.73
3.48
1.27
§. 2%
6.34

BHP

.86
B
.89
.09
.50

ON> b\

Part

0.0066
0.0052
0.0026
0.00814

Part

.0i22
.0144
.0448
.0083
.0156

Part

. 0275
.0368
.0174
.0080
.0070

1000 rpm
NOx *HC*
0.0848 0.25%54
0.0424 0.4651
0.0209 0.1194
0.0732 0.4037

1500 rpm
NOx ‘HC”’
0.4040 0.158S%
0.078% 0.0993
0.0380 0.0837
0.0667 0.0649
0.082%5 0.0944

2000 rpm
NOx ‘HC”
0.4047 0.1011
0.0843 0.0942
0.0398 0.0574
0.0652 0.0S50
0.0809 0.0658

4 runs

co

0.3850
0.1640
0.4430
0.1860

S runs

co

0.2460
0.0780
0.1060
0.0870
0.2330

S runs

.16%90
L0690
.097%
.0780
. 2340

coocoo

AFR

30.93
54.27
70.57
32.67

AFR

26 .56
37 .64
61.94
27.51
24 .56

AFR

23 .64
35.08
S4.48
25.84

22.'57



BSFC

FIG.D.5A SHALE CASE 2R BSFC VY§ BHP

24000
20000
160080 -

12000 -
4

BSEC

UBUUi

40080

FIG.D.SB SHALE CASE 2R BSEC VS BHP

71

LEGEND

# 1000 RPH
o 1588 RPM
+ 2000 RPM

LEGEND

o 1580 RPHM



Tl

SHALE CASE 3

RUN#
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TABLE D.& SHALE CASE 3

SHALE CASE 3

RUN#

47
49
S1
247
355

EHP
3.89
.39
.93
.29

Be

WNbdbom

SHALE CASE 3

RUN#

356
54
56

249

BHP

5.33
3.55
1.30
6.42

SHALE CASE 3

RUN#

57
59
b1
251
357

EHP

7 .64
4. .62
1.54
8.62
7.08

oo ocoo

1000 rpm
NOx ‘HC’
0.1193 0.3796
0.0578 0.1964
0.02914 0.1052
0.0747 0.2439
0.0814 0.0946
1500 rpm
NOx THC
0.07140 0.0634
0.09%90 0.0948
0.0357 0.0743
0.0704 0.0954
2000 rpm
NOx ‘HC’
0. 9453 0.1198
0.0970 0.0924
0.0598 0.0842
0.0824 0.0654
0.0683 0.0455%

coccoonD

cocooc )

S runs

L6300
.1500
1520
.4900

.2200

4 runs

co

0.1540
0.07410
0.1310
0.1%00

S runs

.1500
.0720
. 0825
.2070
L0670

AFR

26.
39 .
.95
25.
32

61

AFR

.48
37.
.25
.04

27

61
24

AFR
23.
34 .
48 .
o3,
2s.

66

24

57

09

91
15
00
i8

21
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TABLE D.7 COAL CASE GSA

COAL CASE 5A

RUN#

77
79
81
324

BHP

3.84
2.36
0.85
3.55

COAL CASE 5A

RUN#

82
84
86
326

EHP

.78

3.53
i1.22
5.29

COAL CASE SA

RUN$

87
89
?1
328

BHP

Z 78

4.62

1.64

7.06

EMISSIONS

1000 rpm

IHCI
0.2387

0.0934

0.0552
0.3149

1500 rpm

‘HC’

0.1238
0.0591

0.045%
0.1459

2000 rpm

‘HC”

0.0869
0.0559
0.0498
0.0807

4 runs

co

0.5500
0.1340
0.4250
0.4800

4 runs

co

0.2780
0.0750
0.0900
0.1545

4 runs

co

0.2700
0.0695
0.0960
0.0770

AFR

26.09
39.76
63.14
29 .68

AFR

24 .34
36 .82
61 .38
27 .14

AFR

22.65
35.20
52.40
26.7%
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TABLE D.8 COAL CARSE 12

COAL CASE 12  AL-10288-F 1000 rpm 7 runs COAL CASE 12  AL-10288-F 1000 rpm 4 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR
B OI% &8 i@ oim gy g Bk 0V Phac ke Bu &
144 3 9 AR} 0 264 11929 1588 2531 92 2.37 0.0397 0.0745 0.2147 0.5700 27.54
95 1. 58 29 34 0.744 13668 9 68 52 .8€ 94 2.34 0.0i83 0.0623 0.0921 0.4350 42 .71
3?2 g.gg gg.gg %.ggg igggg 1%'3% g?.%% 96 0.89 0.0090 0.0423 0.0540 0.4440 65.33
345  2.31 80.30 0.8550 10143  13.04 25 i1 A S48 0.0300  0.05e¥  e.iv26  0.3800  31.32
COAL CASE 12 AL-10288-F 1500 rpm 8 runs COAL. CASE 42 AL-10288-F iS00 rpm 4 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR
%OIR LR L m sl 53 U B T Ve vaw  ae 5
. 4 - : : 97 5.78 0.0450 0.0871 0.1297 0.3820 23.9%
06 276 }8 sl ML tEl 328 99 3.54  0.0174¢  0.0663  0.068%  0.0710  3b6.63
égg é'éZ gg.gg é.égg f&g?z 15'&3 gg.gg 104 1.49 0.0094 0.0389 0.0495 0.0920 60.62
. . . . &/ . 2 b 3
218 258 8as 2-2%] 3348 $5-33 128 316 5.26 0.019S 0.0645 0.0934 0.4570 27.32
318 5.18 6436 0.540 9966 i3.27 28.78
COAL CASE 12 AL-10288-F 2000 rpm 7 runs COAL. CASE 12 AL-10288~F 2000 rpm 4 runs
RUN# BHP BMEP BSFC BSE RANGE AFR
102 7.80 72 67 0.574 10552 12.57 23.02 RUN# BHP Part NOx "HE co AFR
% Ot oY 2 e e S 102 7.80  0.0476  0.0872  0.0864  0.2690  23.02
105 329 30 .69 0. 732 13491 9 80 4274 104 4. .66 0.04%3 0.0620 0.0549 0.05%0 35.08
égg ;.%3 gg.gg 3'%2% %%g?é 1%'%2 §2'§3 106 1.56 0.0136 0.0357 0.0475 0.0900 56.26
350 343 58 2 9 238 9933 1353 5309 319 7.48 0.0070 0.0732 0.0706 D.0760 26.00
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TABLE D.9 SRC-II MEDIUM CETANE

SRC 11 MED CETANE AL-10289-F 1000 rpm S runs SRC-11 MED CETANE AL-10289-F 1000 rpm 3
RUN$  BH BMEP BSFC BSEC RANGE AFR runs
197 3.88 72.38 0.543 9726 13.70 29.73 RUN# EHP Part NOx “HC* co AFR
08  3.19  59.34 0.568 10173 13.40 34.47 107 3.88 0.0943  0.4245 0
109 2.32 23,18  0.534 11358 i1.73  32.92 il 2% » ’ 1196 0.3200 29.73
{10 1.54 28.67 0.774 12849 9.62 53.16 : <0405 0.0847 0.0733 0.1250 42 .92
111 0.84 15,65 1.104 19766 674  bB.62 114 0.84 0.0229  0.0378  0.0604 0.1690 68 .62
P CRC II MED CETANE AL-10289—F 1500 rpm 6 runs »
RUN#  BHP BMEP BSFC BSEC RANGE AFR SR HED-CETANE AL-10289-F 1500 rpem 3 runs
112 5.90 73 .31 0.544 9740 13.68  25.86
i1 a.68 58.19  0.570 10206  13.06  31.09 RUN#  BHP Part NOx “HE co AER
114 3,46  A2.93 0.5654 11709  11.38  36.90 112 5.90 0.0963  0.1037  0.0757
115 2.40 25.77 0.764 13673 §.75  36.14A i e b . . 0.4200  25.86
i1a  1.35 16.75 1.098 19656 678  56.53 : 0244 0.0740 0.0530 0.0668  36.90
334 523 5504 0.590 10568 12 61  26.04 116 1.35 0.0357  0.0355  0.0441% 0.1890 56.5%
SRC I1 MED CETANE AL-10289-F 2000 rpm 6 runs
RUN# EHP EMEP BSFC BSEC RANGE AFR SRC-II MED CETANE AL-10289-F 2000 rpm A Eaes
H7 783 ze.s2 9.5ee 1R MEl B3 RUN#  EHP
.2 . : g s p TuE
119 45  aa'3s 0.e32  ii321  11.77  34.22 GH  Ex B RS g an - s are
120 3.06 28.53 1.182 21169 6.30 28.66 116 ¢ R 0944 0.0579 0.1480 23 .23
1214 1.70 15.83 1189 2{294 6.26 Si. 61 i 4.76 0.0216 0.0620 0.0453 0.0780 34 .22
332 588 &A.45 0 €88 10532  12.65  24.90 121 1.70 0.0269  0.0355 0.0483 0.1720 64 .61

332 6.88 0.0099 0.0872 0.0636 0.0740 24 .90
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TABLE D.186 SRC-II LOW CETANE

08

TRC II LOW CETANE AL-10290-F 1000 rpm 6 runs  SRC-II LOW CETANE AL-10290-F 1000 rpm 4 runs
RUN#  BHP BME BSFC BSEC RANGE AFR Lo

127 3.84 74 .57 0.495 8628 15.39 32.09 RUN# EHP Part NOx HC co AFR

i 344 58.58  0.528 9209 i4:22  36.73 127 3.84  0.0130 0.1445  0.0656  0.1500  32.09

1St T3 3l )68 i%9e  i1gEd &-7% 129 2.3 0.0200  0.0674  0.0607  0.4570  42.73

134 0.88 16.43 {.248 21760 6.10 57.04 131 0.88 0.0808 0.0362 0.100S 0.2520 57.04

310 347 b4.72  0.492 8587 15.46 3566 310 3.47  0.0481 0.1065 0.1278 0.1800 35.66
GRC II LOW CETANE AL-10290-F 1500 rpm 6 runs  gRC-II LOW CETANE AL-10290-F 1500 rpm 3 runs
RUN$¢  BHP BMEP BSFC BSEC RANGE AFR

HOIw Bn fw onp HE 8% i L L e T o

: . : : . 132 5.85  0.0262  0.4020 0.0654 0.1520  28.62

138 3493 35.76 D.ess 4300 1178 je.8e 134 3.44  0.0196  0.0566  0.0708  0.i870  36.86

i3  1.38 i7.47 .20 20542 6.32  48.96 136 1.38  0.0392  0.0287 0.1052  0.2755  4B8.96

311 5.38  6b4.81 0.56 9760 1350 26.96
TRC II LOW CETANE AL-10290-F 2000 rpm S runs  SRC-IT LOW CETANE AL-10290-F 2000 rpm 2 runs
RUN#  BHP BMEP BSFC BSEC RANGE AFR L

137 7.86 73.27 0.615 10734 12.37 21.67 RUN# BHP Part NOx HC co AFR

138 640 5584 0.674 11749 1130  25.32 137 7.86 0.0357  0.0592 0.0497 0.4100  24.67

33s b 222 S:eas 1278 139 5522 312 7.07 0.0356 0.0788 0.0876 0.1655  23.66

32 7.07  65.89 0.605 10555  12.58  23.66
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TABLE D.11 BROADCUT
EROADCUT FUEL 1 AL-10286-F 1000 rpm 3 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR
b2 3% z-33 §o%t sl 108% &m
339 3.47 64 61 0.738 14172 8.73 23.82
BROADCUT FUEL 1 AL-10286-F 1500 rpm 9 runs BROADEUT FUBL &
RUN# BHP BMEP BSFC BSEC RANGE AFR
87 5.76 71 .53 0.577 11067 11.17 24.40 RUN# BHP
68 3565 57 .80 0.585% 11221 102 29.88
69 3.56 4418 0.66% 12847 9.63 34.20 67 5.76
70 2.42 30.05 0.784 14996 8 2% 4300 69 3. 55
74 1.26 15 61 i.202 23063 S 36 S4.36 74 126
252 i.85 22.92 0.791 1518¢ 8 14 56.58 G
353 6.29 78.47 0.505 9704 12.75 25 .58 253 6.29
335 S.37 bb .74 0.584 14249 11,02 25.58 336 5.37
337 1.87 23.17 1.024 19657 6.29 4234
BROADCUT FUEL 4
BROADCUT FUEL { AL-10286-F 2000 rpem 8 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR RUN# BHP
72 7.68 71 .60 0.557 10690 11.57 23.54 72 7.68
73 6.1 Sb.94 0.574 10967 1i.28 28.86 74 4 74
74 4.74 44 .24 0.672 12904 9.58 31.74 g
75 3.20 29.81 0.797 15304 8.08 39 .85 76 1.54
76 1.54 14.37 i.26% 23019 5.15 52.87 255 8.41
254 2.32 24.57 0.967 18570 b.b6b 46.12 338 6.98
255 8.44 78.35 0.524 10067 12.28 23.4¢ ;
338 5.98 65.07 0.5603 11570 10.69 23.95

FUEL 1

EMISSIONS

EMISSIONS DATA NOT OBTAINED AT
1000 RPM BECAUSE OF MISFIRING.

AL-10286-F 1500 rpm
Part NOx ‘HC’ co
0.0367 0.4392 0.2040 0.0850
0.0105 0.4142 0.1760 0.0410
0.0063 0.0467 0.1612 0.4130
0.0088 0.0888 0.1476 0.48410
0.0145 0.0938 0.1164 0.0800

AL-10286~F 2000 rpm
Part NOx ‘HC’ co
0.0807 0.1385 0.1344 0.0740
0.0173 0.10410 0.1555 0.037S
0.0407 0.0496 0.0629 0.4230
0.0080 0.4020 0.1850 0.0735
0.0149 0.0601% 0.4358 0.1565

S runs

AFR

24 .40
34.20
54 .36
25 .68
25.58

S runs

AFR

23.54
31.74
52.87
23 .11
23 .95
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TABLE D.12 BROADCUT FUEL 2

BROADCUT FUEL-2 AL-10305-F 1000 rpm S runs BROADCUT FUEL 2 AL-10305-F 1000 rpm 3 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR

199 4.32 80.58 0.502 9573 12.71 27.52 RUN# EHP Part NOx "HC’ co AFR

200 3.44 b4.08 0.576 10984 11.08 30.34 199 4.32 0.0407 0.4380 0.1765 0.0850 27 .52

%3& g:gz §§:§? 3'953 ié%Z; 13:32 }3'3% 2014 2.82 0.0148 0.1088 0.1322 0.0670 34.83

203 148 24 .93 {020 1945 6.2% 50 81 203 1.18 0.0058 0.054S 0.1188 0.0975 50 .81
EROADCUT FUEL-2 AL-1030S-F 1500 rpm S runs BROADCUT FUEL 2 AL-10305-F 1500 rpm 3 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR

204 6.52 81.04 0.517 9855 12.3% 23 63 RUN# EHP Part NOx IHET co AFR

205 S.19 64 .47 0.559 10660 14 .41 27 .79 204 6.52 $$83%% 0.0989 0.0559% 0.2260 23.63

ggg 414 3328 g.ggg }égié 13-53 gg.gg 206 4,41 $$$883 0.0756 0.1015 0.0710 32.39

297 3-83 22:39 8-4%% 13338 ei%a 2 17 208 1.85 $$33%s 0.0490 0.1010 0.0840 46.17
EROADCUT FUEL-2 AL-10305-F 2000 rpm S runs BROADCUT FUEL 2 AL-10305-F 2000 rpm 3 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR s

209 8.43 78.52  0.564 10752  11.32  18.80 S e Piar 4 NOx HC co AFR

%tg gzg gagg 3222 igg§3 ililéi gggg .2.0;7 8.43 $$$43S 0.0458 0.1349 0.7800 i8.80

: h b2 } 29. % S.46 $$348$ 0.0298 0.1379 0.0520 29 .80
2 ;
£ 3% 25 lan s S8 i 213 2.55  $$$$$s  0.0436  0.1428  0.0960  47.58
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BROADCUT FUEL-3
RUN# BHP
224 1.46
22% $.9%

EROADCUT FUEL-3

RUN#
249

x

LU=
Vo NNOOYNT
Ve LicooN

N WM
555 BMNMNN
= oo

BROADCUT FUEL-3

RUN# BHP
226 2.44
227 3.92
228 $.33
229 6.85

BMEP

o

X

S0

MR o0
NNNO0DOG

NNV TS W
SN U=

TABLE D.13 BROADCUT FUEL 3

AL-10306-F 1000 rpm
BSFC BSEC RANGE AFR
1.474 21938 S.38 AS .88
0.789 14783 7.99 39.06

AL-10306-F iS00 rpm
BSFC BSEC RANGE AFR
0.548 10266 11.54 23.04
0.763 14297 8.26 37.00
0.640 11995 9.8% 31.94
1.349 24708 4.78 36.44
0.679 12727 9.28 22.58
0.766 14345 8.23 25.91
0.884 16553 7.14 30.05
£.472 21962 5.38 35.49

AL-10306-F 2000 rpm
BSFC BSEC RANGE AFR
1.098 20564 S.74 38.77
0.798 14950 .90 32.67
0.660 12370 9.5% 28.87
0.570 10687 14,05 25.65

2 runs

8 runs

4 runs

EROADCUT FUEL 3

RUN# BHP
224 i1.16

EROADCUT FUEL 3

RUN# BHP

249 6.37
221 4. 00
222 1.7%
340 5.26
342 3.06

BROADCUT FUEL 3

RUN# EHP

226 2,41
228 5.33
229 6.85

Part
0.003%

Part

.0038
.0045
.o0022
.0158
.0048

cCoooc o

Part

0.0032
0.0030
0.0031

AL-10306~F 1000 rpm
NOx “HC* co
0.0277 0.2357 0.2180

AL-10306~F 1500 rpm
NOx ‘HC’ co
0.1430 0.2221 0.0700
0.08%4 0.178% 0.0630
0.0352 0.1916 0.2030
0.0668 0.1362 0.2800
0.0405 0.1352 0.0860

AL-10306-F 2000 rpm
NOx ‘HC” co
0.0219 0.2594 0.265%0
0.0604 0.2036 0.0800
0.0675 0.2634 0.0670

i

AFR
45 .88

runs

S runs

AFR

23.014
31.94
72.87
22.58

30.0S

AFR

38.77
28.87
25869

runs
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EROADCUT FUEL-4

EROADCUT FUEL-~-4

EROADCUT FUEL-4

RUN#
194
195

9
4
9
4

(A
oo

EHP
4.2

Lagl ot st 140
PO oMU
[iafaclle Lol S

H

s m
NOooo T
Lt 1ol e« Lo

BHP

NNV O

SO OUT
VDOV

- m

T PIUIO
HNTOHTI
T UILILID DT
WVHNOT2rY

BMEP

Vomruio
roommo

L]
viouno s 0

ocooooom

cooooo

PERFORMANCE

AL-10307-F

BSEC

9284
044
i73
346
720

foele Slogl o 8 ]

AL~10307-F

AL-10307-F

e i e
SN OO0
oNNouU
NoiooL
SRRV >

rreVme 6
FORIG0 0 M

roonmon o
WoSOrImM o

1000 rpm

rpm

AFR
27 .47
31 .45
36.54
43 .75
54.27

AFR
25.80
28.36
34 .94
40 .97
52.52
26.03

AFR
23.52
26.47
32.5%3
36 .64
46 .56
24 .90

S runs

b runs

6 runs

EROADCUT FUEL 4

RUN#

184
186
i88

EROADCUT FUEL 4

RUN#
189
191
191
347

BROADCUT FUEL 4

RUN#
194
196
198
384

EHP

4.724
2.69
i.25

EHP
6.31
4.06
1.81
S:

et

EHP

8.5%
S.40
2.36
7.08

TAELE D.14 BROADCUT FUEL 4

Part

0.0297
0.0314
0.0490

Part

0.0104
0.0143
0.01i56
0.0145

Part

0.01S3
0.0077
0.0089
0.0133

AL-10307-F
NOx “HC*
0.1380 0.2211
0.1185 0.1421
0.0594 0.427%

AL-10307~F
NOx ‘HC*
0.0923 0.0542
0.0323 0.1250
0.0498 0.1158
0.0955 0.1815

AL-10307~F
NOx “HC”
0.0890 0.0364
0.0789 0.1035
0.0492 0.0837
0.0966 0.1666

1000 rpm

co

0.1600
0.0760
0. 0900

1500 rpm

co

0.1300
0.0645
0.094%
0.0900

2000 rpm

co

0.41340
0.0S65
0.0850
0.0760

3 runs

AFR

27 .47
36 .54
04,27

4 runs

AFR

25 .80
34 .94
52.92

36.03

4 runs

AFR

23.52
32.53
46 .56
24 .90
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TABLE D.15 BROADCUT FUEL S

EROADCUT FUEL S AL-10308-F 1000 rpm 4 runs BROADCUT FUEL S AL-10308-F 1000 rpm 3 runs
MEP BSFC BSEC RANGE AFR
ROSe B 78 20 0.543 9659 13-18 3251 RUN$  BHP Part NDx "HE? co AFR
g 8 28 39-43 2308 14198 13-88  a347 256 4.25  0.0178  0.0776  0.2273  0.2750  27.64
350 1.24 23.13 0.942 17746 7.2 g2.12 258 2.69 0.0067 0.0680 0.1176 0.0760 38.11
260 1.24  0.0409  0.0380 0.0938  0.0980  52.42
BROADCUT FUEL S AL-10308-F 1500 rpm S runs BROADCUT FUEL S AL-10308-F 1500 rpm 4 runs
RUN$  BHP BMEP BSFC BSEC RANGE AFR s
261 &4e 80.26  D.sa3  3msi  12.83  23.84 ' i S i HC co AFR
563 4 09 50 .85 0.7 10811 11 &% 33.89 .46 0.0452 0.0742 0.0926 0.2750 23 .64
264  2.96 36.83 0.588 12957 9.75  39.38 263 4.09  0.0087 0.0605  0.093% 0.0535  33.89
365 1.88  23.35 0.883 16632 7.60  48.79 265 1.88 0.0433 0.0422  0.0921 0.084 :
350 5.3% 65.96 0.539 10143 12.46  28.23 150 ; - 4940 48.79
5.31 0.0192 0.1035  0.1384 0.0990 28.23
BROADCUT FUEL S AL-10308-F 2000 rpm 6 runs BROADCUT FUEL S AL-10308-F 2000 rpm 4 runs
RUN$®  BHP BMEP BSFC BSEC RANGE AFR
e6 95 Tl DED .k 154 BN 2eb. 853 00116 00 00899 0. 2%
; . 8" y : . ; 0146 0.0842 0.0899 0.1100 22.34
268  5.44 S0 .38 0.590 11108 i1.38  31.7§ =
268 306 3@ 2282 44388 $-38 333 ggg 5.41 0.0061 0.0623 0.0956 0.0500  31.7%
270 2. 44 22.74 0.940 17692 7.44 44 .54 2.44 0.0071 0.0337 0.0812 0.0840 44 .54
354 7.04 65.29 0.557 10480 1206  25.87 354 7.04 0.0104 0.1050 0. 1285 0 0685 25 87
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TABLE D.16 BROADCUT FUEL &

BROADCUT FUEL & AL-10309-F 1000 rpm 3 runs BROADCUT FUEL & AL-10309-F 1000 rpm 2 runs
RUN# BHP BMEP BSFC BSEC RANGE AFR
MoTmo s bae il 9@ B e M e, M e B B
3 : : ¥ : 284 2.37 0.0070 0.0923 0.1283
; 2444 i.084 20704 5.84 43 94 . 0.0485 36 .40
286 1.31 286 1.3 0.0052 0.0477 0.1282 0.0850 43.94
BROADCUT FUEL 6 AL-10309-F 1500 rpm 7 runs BROADCUT FUEL 6 AL-10309-F 1500 rpm 4 runs
RUNS  BME.  PESR.  D°CI.  P35%s  G8'SE 285 RUNG  BHP P
A ; 5 : : art NDx 'HC’ co AFR
$58 3t §.0 2ase 1933 it 223 287 6.33 0.0079 0.0890 0.4755 0.1135  24.96
290 292 36.33 0. 684 13062 9 21 40 84 289 4 16 0.0050 0.0749 0.1429 0.052% 33.07
gzé é.gg Eg.gg 3.22? {?Zgg 13.%2 31.;3 294 1.95 0.0028 0.0414 0.1243 0.0940 47 .92
362 5. 3% 86.92 0.611 L1666 8.3 24-32 362 5.39 0.0032 0.0747 0.0641 0.0605 24 .50
BROADCUT FUEL & AL-10309-F 2000 rpm 6 runs BROADCUT FUEL & AL-10309-F 2000 rpm 4 runs
RUN# BHP BMEP BSFC ESEC RANGE AFR '
292 8.74 81 . 0.508 9%98 1240 §°.s9 RUN# BHP Part NOx "HE” co AFR
293 7.09 66.03 0.553 10565 i1 39 5.72 292 8.714 0.0047 0.0957 0.2379 0.0800 22.59
gge g.ig 35132 3:§§$ ii?gg 13.%% §§¢§; 294 5.58 0.0057 0.0578 0.4733 0.0600 29.83
596 2:45 22:55 1'007 1923‘7‘ 6.2 ‘1:29 296 2.4% 0.0050 0.0329 0.1463 0.127% 41 29
364 6.87 64.05 0.653 12477 9 64 22.58

364 6.87 0.0049 0.0447 0.14014 0.4300 22.58
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TABLE D.17 BROADCUT FUEL 7

BEROADCUT FUEL 7 AL-10310-F 2000 rpm 6 runs
RUN# BHP BMEP RSFC BSEC RANGE AFR

302 7.94 74.02 0.502 9367 18 .07 24 .86

303 7.12 66 .35 0.536 10004 i2.24 26 .34

304 S .39 49 .85 0.644 11398 10.74 30.84

305 3.96 36.920 0.74S 13326 ?.19 35 .64

306 2.414 22.50 1.073 20006 &.18 38.81

366 7.40 66.14 0.583 10877 11.26 24 .49
ROADCUT FUEL 7 AL-10310-F iS00 rpm S runs

RUN# BHP BMEP EBSFC BSEC RANGE AFR

298 4.97 61 .74 0.569 10620 11.53 28.14

299 4.25 52.80 0.536 1i000% i2.24 35.35

300 3.06 37.97 0.651 12144 10.08 40 .84

364 S.37 66.71 0.554 10284 11 .24 27 .41

365 2.93 36.37 0.820 15289 8.01 33.92
EROADCUT FUEL 7 ‘ AL-10310~-F 1500 rpm 3 runs
RUN# EHP Part NOx ‘HC’ co AFR
298 4.97 0.0i14 0.1220 0.2775 0.0385 28.14
299 4.25 0.003% 0.0%907 0.1728 0.0455 35.3S
364 5.37 0.0032 0.0800 0.1325% 0.13%0 27 .41
EROADCUT FUEL 7 AL-10310-F 2000 rpm 4 runs
RUN#¥ EHP Part NOx ‘HC” Co AFR
302 7.94 0.0067 0.1020 0.2174 0.0590 24 .86
304 5.35 0.0057 0.0539 0.2053 0.1410 30.84
306 2.41 0.0050 0.0300 0.2294 0.2470 38.81
366 7.40 0.0046 0.0623 0.1416 0.2300 24 .49

94
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