o M I The Engineering Society

For Advancing Mobility
Land Sea Air and Space®

A Product of the
Cooperative Engineering Program

SAE J1515 MARSS

Impact of Alte’{native
Fuels on Engine Test
‘and Reporting
Procedures

SAE Information Report
Issued March 1988

SAE
LIBRARY

- Submitted for Recognition as
“an American National Standard



https://saenorm.com/api/?name=5751267f29cf26f63f466327a0b513ff

o
A ,{f.\_"u . 3
R AU A 3 B
LU -

No part of this publication may be reproduced in any form,
in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.

Copyright 1988 Society of Automotive Engineers, Inc.


https://saenorm.com/api/?name=5751267f29cf26f63f466327a0b513ff

SAE J1515

@ S = The Engineering Society HIGHWAY
For Advancing Mobility
NS - Sea Air and Space s VEHICLE

400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 REPORT Issued March 1988

IMPACT OF ALTERNATIVE FUELS ON ENGINE TEST AND
REPORTING PROCEDURES

TABLE OF CONTENTS

SECTION PAGE NO.
1. INTRODUCTION . . . . . .. .. .. ... o000 .. . . 2
2. APPLICATION AND OVERVIEW . . . . . . . .52 . ... .. . . 3
3. COMMON TERMS . . . . . . . . . ... L. e e e e e o . 3
4, FUEL COMPOSITION and PROPERTIES . S0 v v v v v v v . . 7
5. IMPACT OF FUEL ON TEST PROCEDURES

AND CALCULATIONS . . . . . v ¢ 3 o v v v v v v v ofe o 14
6. PERFORMANCE COMPARISONS . . sch'e v v v v v v v v v . 17

APPENDIX [ - SAE HANDBOOK DOCUMENTS-T. v v v v v v v v v v v v v ol 19

APPENDIX [I - ASTM TEST METHODS .. . . . . . ... .. e e e e e .. 21

APPENDIX [II - HEALTH and SAFETY INFORMATION . . .. . ... .. S P 24

APPENDIX [V - POWER TEST CODESc.". . . . e e e e e e e ile . 29

APPENDIX ¥ - EMISSION MEASUREMENT CALCULATIONS .......... . . 32

TABLES
4-1 e o e v AN e . S 11
AITI-v . . . % T P 26

AIII-Z Sle S " o o o s 0 e e 0+ e s+ s e o s &6 6 6 o 4« o o o o o o ole 28

SAE Technical Board Rules provide that: “This reportis pubhshed by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its apphcablllty and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.’

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1988 Society of Automotive Engineers, inc. Printed in U.S.A.
All rights reserved.


https://saenorm.com/api/?name=5751267f29cf26f63f466327a0b513ff

SAE J1515 aAr Page 2

1. INTRODUCTION:

In the past, several major disruptions have occurred in the normal
distribution of petroleum derived fuels at the consumer Tevel. With the
realization that stable consumer supplies of petroleum fuels might not be
assured in the future, efforts were increased to investigate the utilization
of non-petroleum derived fuels for automotive engines.

Up until this time, the generally accepted automotive fuels were petroleum
derived gasoline for SI (Spark Ignition) engines, and petroleum derived
diesel fue oG Compression—Ttgnition—enginess e otihe an these
have generally been considered "alternative fuels." A review of. the
Titerafure will show that various investigators have considered algohols,
vegetaple oils, gaseous fuels, hydrogen, shale 0il, and coal produgts, among
others|as "alternative fuels" in various engines. As time passes, |the label
of "alternative" tends to become less meaningful as some‘fu€ls drog by the
wayside while others move into the realm of practicality. In Braz 1,
production vehicles are designed to operate on ethanoly, and in this case, it
could be argued that ethanol is no longer an "alternative fuel." Hecause of
this changing climate, the case could be made that there are no "alternative
fuels"|-- just "new fuels" or "different fuels;') However, because |the term
“alterpative fuels" appears rather entrenched Gn the technical litdrature, it
can only be suggested that one be aware ofithe changing climate, ard use an
expandg¢d definition of fuels when dealing,with research in automotive engines.

These different fuels may present a variety of problems concerning testing]
and evdluating the performance of an’engine when compared to the bdseline
performance with the conventional, fuel for that engine. These probllems
include identifying common terms; determining the fuel properties,
determining the health and sdfety factors associated with use of thi fuel,

ing the engine, and calculating and reporting the results. Funther, if
erimental results are to be compared to the results of otherls in the
field, [the variety of-techniques that may have been used to obtain fand report
the data may preclude-a legitimate comparison. This variety of repprting
techniques may be ‘further confused by different assumptions that maly have
been made in andlyzing the data (not the least of which is -- "What| is meant
by 'fugl' wher _determining fuel rates?"). In addition, important
non-prgprietary information relating to the fuel or energy accounti g data
may be [1acking, leading to difficulties in interpreting the results| of others.

The purpose of this information report is to provide guidance for those newly
entering the field of alternative fuels as well as those currently involved
with testing and reporting engine results with both conventional and
alternative fuels. It is hoped that use of this document with its suggested
guidelines will allow more convenient and complete comparisons of results
between investigations involving different fuels.

THealth and safety issues when using these alternative fuels in the
transportation sector may not be well understood. When using, storing, or
transporting such fuels, the investigator should be aware of all potential
safety issues. A primary source of safety related information would be the
manufacturer of the fuel or fuel additive.
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3.1

APPLICATION AND OVERVIEW:

The guidelines in this document are directed at laboratory engine dynamometer
test procedures with alternative fuels, and they are applicable to
four-stroke and two-stroke cycle spark ignition (SI) and diesel (CI) engines
(naturally aspirated or pressure charged, with or without charge air
cooling). A brief overview of investigations with some alternative fuels can
be found in SAE J1297. Other SAE documents covering vehicle, engine, or
component testing may be affected by use of alternative fuels. Some of the
documents that may be affected can be found in Appendix I. Guidelines are
provided o engine powe astcod SAE J1349) in Appendi . The
principles of these guidelines may apply to other procedures and’dodes, but
the effects have not been investigated.

o O e enad ne aye a 0 -

The report is organized into four technical sections, each™dealing with an

important aspect of testing or reporting of results when-using alternative

fuels{ The first (Section 3, Common Terms) deals with-such issues as what is
a "fuel" in the context of engine operation. The next (Section 4) is
concefned with identifying fuel properties. The third technical sl
(Section 5) covers the testing considerations afid calculations fo
alterpative fuels. The final technical section’(Section 6) provid
guidelines for reporting the results so that sufficient informatign is given
in a form that allows convenient comparison'of the results from dilfferent

investigations.

COMMON TERMS:

Terms [commonly used to report engine performance and test conditidns are
Tisted below. Included in this-list are a few terms that have been adopted
by ASTM through ASTM's broad consensus procedures. These terms are
identified as ASTM terms,(and are repeated here for two reasons. [One is
simply for convenience, ".The other is to highlight the limitationg within the
ASTM terms, and to celnsel against the misuse of ASTM terms.

Most ASTM Test Methods explicitly state the class or range of subdtances for
which [the procedures and terms are valid. Departures from these procedures
creatq a risk that both the procedure and the term may be invalidated. For
example, ASTM Timits the term "Cetane Number" to the performance off diesel
fuel quring’a standardized engine test. To evaluate vegetable 0il|l with this
standgrdized test, and to discuss the performance of the vegetable|l 0i1 with
the term "Cetane Number” would be inappropriate. The preferred use of
terminology would be to discuss the performance characteristic (for example,
ignition delay) of the vegetable 0il when tested by a Modified Cetane Number

Test Method.

Once again, these terms are listed only for the expressed purpose of
establishing consistency in reporting engine performance or describing
testing parameters and conditions relating to that performance. Use of the
term descriptions Tisted here outside of that context is inappropriate.

Alcohol: A class of organic compounds characterized by the presence of a
hydroxyl group attached to an alkyl hydrocarbon structure.
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3.2 Cetane Number: A measure of the ignition performance of a diesel fuel
obtained by comparing it to reference fuels in a standardized engine test
(1984) (ASTM term, see ASTM D 4175).

3.3 Colloidal Suspension (Colloid): A suspension of finely divided particles
approximately 5 to 10 000 angstroms (0.5 nm to 1 m) in size that are
dispersed in a continuous medium (for example, a gaseous, liquid, or solid
substance), that do not settle or settle very slowly, and are not readily
filtered.

3.4 Denaturants: Any material authorized under Title 27 of the U.S. Code of
Federdl Regulations Part 21 for addition to spirits in the productfion of
denatyred spirits (from Title 27 U.S. Code of Federal Regulatidns Part 19,
Subpartt B). These materials are agents used to make ethanol.Sunfit| for human
consumption without impairing its usefulness for a specific. ¥ntended
purpode. Denaturants vary depending on the end-use of the alcoholl

3.5 Emission Test Fuel: Gasoline or diesel fuels with coatrolied properties
used flor engine and emission testing. The specifiéations for U.S.|Emission
Test Huel can be found in Title 40 of the U.S. Code of Federal Regulations
Part 86. There are separate requirements for {ight-Duty gasoline hnd diesel
vehicles, and for Heavy-Duty gasoline and diésel engines.

4%
[«

3.6 Emulsilon: A fluid formed by the suspension of a very finely divid
immisgible 1iquid in the continuous phase of another 1iquid.

3.7 Ethangl or Ethyl Alcohol: An alcohol of formula CoHgOH.

3.8 Equivallence Ratio: A ratio of*the actual fuel-air ratio (f/a) divjded by
the chemically correct (stoichiometric) fuel-air ratio (f/a)s. Thlis ratio
is equiivalent to the stoichiometric air-fuel ratio (a/f)g divided py the
actual| air-fuel ratio (a/f). The Greek letter "phi" or symbol "@¢"|is
commonlly used to designate the equivalence ratio. Equivalence ratfo is the
preferred method to-describe mixture strength.

C(f) _ (a/f)s
(f/a)s  (a/f)

g = phi

3.9 kExcess| Aiv Ratio: A ratio of the air supplied to the air required|for
stoichiometric—combustion—Referred—to-by—the—greek—Ttetter—tambda" or

symbol " ", the excess air ratio is equivalent to the inverse of the

equivalence ratio. Excess air ratio is not a preferred method to describe

mixture strength.

= lambda = Air (actual) _ 1.
Air (stoich) phi
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Flammability Limits: The limits of volume percentage compositio
mixtures of fuel and air, within which flame propagation takes p
the mixture is ignited. The lower 1imit of flammability corresp
minimum amount of combustible fuel and the upper limit to the ma
amount of combustible fuel capable of conferring flammability on
mixture. Flammability Timits are dependent on pressure, tempera
ignition energy, and combustor design, and are usually given at
atmospheric conditions.

Flash Point:
combustible substanc gJhiteme : 3 —F1
application of an ignition source under specified conditions.. #
sevéral Test Methods for determining the flash point of varipus
subgtances. The conditions and statement of the term "Flash Poi
jhtly between Test Methods.

The lowest temperature at which vapors arising fro

Any solid, liquid, or gaseous substance which-.contains ch
energy that is released during the combustion process in an engi
pose of producing mechanical work is defined.as’fuel. Any ot

justion process or to-control emissions," or is inherently pre
¢ substance should be included as fuely'in the calculation of
For the energy consumption calculations prd
$ document, fuel scavengers, corrosion inhibitors, lubricatin
etc{, which when combined, change.the heating value by less than
need not be considered as fuel. ‘Recirculated exhaust products 4
congidered fuel.

Heating Value: The energy liberated when a unit mass of fuel is
oxidized and the temperature of the reactants is equal to the pr
For|the lower (or net) .heating value, the water produced is ass
in 3 gaseous phase;Swhile for the higher (or gross) heating val
water is assumed-toe’be in the 1liquid phase. For a more detailed
of heating value, refer to paragraph 4.2.2.

Kerggen: The' substantially organic material in oil shale, consi
primarily<of carbon and hydrogen with quantities of sulfer, nitn

oxygeng. which upon pyrolysis will yield gas and raw shale oil.

n of
lace when
onds to the
Ximum

the
ture,
standard

ma
n
STM has

nt" vary

emical

ne for the
her

which is
the

sent in the
fuel and

scribed in
g oil,
0.25%,

re not

completely
oducts.

ed to be
e, the
discussion

sting
ogen, and

Manufacturer s Designated Fuel (MDFJT The Tuel or fuels specifi
engine manufacturer for ordinary engine operation. A1l other fu
considered alternative fuels unless redesignated by the engine m
for a particular engine or class of engines.

Material Safety Data Sheet (MSDS):
a hazardous chemical which is prepared in accordance with paragr
Title 29 of the U.S. Code of Federal Regulations, Part 1910.1200

Methanol or Methyl Alcohol: An alcohol of formula CH30H.

ed by the
els are
anufacturer

Written or printed material concerning

aph (g) of
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3.18 Octane Number: (for spark ignition engine fuels). Any one of several
numerical indicators of resistance to knock obtained by comparison with
reference fuels in standardized engine or vehicle tests (1986) (ASTM Term,
see ASTM D 4175).

3.19 011 Shale: A sedimentary rock containing a relatively high (5 - 30%)
content of kerogen from which shale 0il can be produced by heating.

3.¢0 Oxygenate: An oxygen-containing organic compound, which may be used as a
fuel or fuel supplement; for example, various alcohols and ethers (1984)
(ASTM Term, see ASTM D 4175).

3.21 Oxygénated Fuel: A class of fuels with chemically bound oxygén (|for
example, oxygenates) such as alcohols, vegetable o0ils, estefis; or] ethers.

3.22 Phasg¢: A portion of a physical system (solid, 1iquid, cor gas) that is
omogeneous throughout, has definable boundaries, and’can be separated
physically from the other phases. The act of separating different phases
is commonly termed "phase separation.”

3.23 Proof: The ethyl alcohol content of a lTiquid at 60°F (15.56°C), [stated as
twice¢ the percent of ethyl alcohol by volumel(from Title 27 U.S. [Code of
Federal Regulations Part 19, Subpart B).

3.24 Slurry: A mixture of a pulverized solid and a 1iquid carrier thdt behaves
as alliquid.

3.25 Specific Energy Consumption (SEC): The ratio of the rate of fuel| energy
supplied divided by the rate of work done by the engine, (kJ/s)/kW, which
is also the inverse of thermal efficiency. The values to be used for fuel
energy units are lower or net heating values. SEC can be reported as
either Brake or Indicated consumption.

3.26 Stoi¢hiometric Fuel-Air Ratio: The ratio of the mass of fuel to| the mass
of ajr of a stoichiometric mixture of fuel and air. The inverse|is the
stoi¢hiometricair-fuel ratio.

3.27 Stoi¢hiometric Mixture: The chemically correct mixture of fuel (/fuel as
defined.in this report) and air or oxidizer that will enable compllete
oxidgtion of the combustible components of the fuel with no excegs oxygen.

3.28 Surfactant: A surface active agent which can enhance emulsification,
dispersion, or demulsification by modifying the 1iquid surface tension.

3.29 Thermal tfficiency: The ratio of the rate of work done by an engine
divided by the rate of fuel energy supplied, kW/(kd/s). The inverse of
thermal efficiency is Specific Energy Consumption. The values to be used
for fuel energy unitc are lower or net heating values. Thermal efficiency
can be reported as either Brake Thermal Efficiency (BTE or ) or
Indicated Thermal Efficiency (ITE or ).
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3.30

3.31

3.32

4, F

Vapor Pressure: The pressure exerted when a solid or liquid substance is
in equilibrium with its own vapor. The vapor pressure is a function of the
substance and of the temperature. ASTM has several Test Methods that
determine the vapor pressure under specified conditions for a number of
substances (see paragraph 4.2.3).

Vegetable 0il: Any oil from plant origin as distinguished from animal
(origin) oil, including the fixed oils of plants (for instance, glyceryl
esters of various fatty acids) which are also known as glycerides,
specifically triacylglycerols.

Vola
temp

tility: The tendency of a substance to evaporate readily at
eratures and pressures. An indirect quantification ofcthis

ordinary
quality can

USus
dist
rati

UEL

11y be determined through various ASTM Test Methods which me
illation curve, the flammability or flash point, the vapor/1
0, and the vapor pressure of the substance (see paragraph 4.

OMPOSITION AND PROPERTIES:

4.2 Detemmining.Fuel Properties:

4.2.1

Backg
gener|
been
dired
and y
broad

Therg
the ¢
This
engin
stoig
well
to th
volat
compa

round: Because limits for the compositieniand physical prop
ally been established for commercial adtomotive fuels, they
of great concern during engine testing, unless specific test
ted toward particular fuel properties. With the increased i
se of alternative fuels, more concern must now be directed t

er scope of fuel properties.

fore, before proceeding to -test an engine, one should first
hemical composition and physical properties of the fuel to b
step is necessary for physical compatibility with the facili
e. The elemental composition is also needed to determine th
hiometric fuel-air ratio of the fuel for proper engine adjus
as for performance comparisons and reporting of results. In
e fuel composition, other properties of the fuel such as hea
ility, viscoSity, and density (among others) are necessary t
re and report engine performance.

tElg

mental and Chemical Composition: It is necessary to know th

com

asure the
iquid
2.3).

erties have
have not

S were
hterest in
pwards a

investigate
e used.

ty and the
tments, as
addition
ting value,
D properly

1]

(1%

and any

other elements which could react during combustion if the stoichiometric

fue

1-air ratio and equivalence ratio are to be calculated. The

exact

values of the elemental mass percentages should be determined and reported
for the particular fuel used. Note also that the contributions to the
elemental mass percentage from fuel additives should be included if they
affect the energy content by more than 0.25%. - In addition, a
determination of the quantity of additives and trace compounds or elements
in the fuel (such as corrosion inhibitors, chloride levels, iodine number,
peroxide number, etc.) may be necessary in order to select corrosion
resistant components for the fuel system.
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4.2.1

Elemental and Chemical Composition:

(Continued)

Carbon, hydrogen, and oxygen content can be determined analytically by a

vari

ety of micro-combustion techniques. In addition, Appendix II lists a

number of ASTM Test Methods for analysis of non-hydrocarbon constituents.
There are also a number of non-standardized micro-analytical techniques

for

nitrogen and sulfur. Researchers are advised to consult their

laboratory for the details of precision errors and bias errors when

appl

ied to the particular fuel used. Researchers should also note that

many_times, ASTM Test Methods are valid only for a specific class or range

of {
for
care
the
modi

4.2.2 Heat

ubstances (for example, petroleum products). Use of such prpcedures
other substances (for example, non-petroleum products) requifes a

ful examination of the procedure by the researcher, and-an apalysis of
errors that could occur by such a modified procedure; -The method of
fication (if any) and error analysis used should be reported|

ing Values of Fuels: The heating value or heat 'of combustion is a

meas
Becd

worH is a measure of the thermal efficiency ©f an engine, a know

the
perf

TH
fu
pu
fa
he

4.2.2.1

4,2.2.1.1

4.2.2.1.2

4.2.2.1.3

4.2.2.2

ure of the energy available from the completé oxidation of af fuel.

use the fraction of the heat of combustion that is converted to useful
ledge of
heat of combustion of any fuel used is“essential when quantiffying the

ormance of an automotive engine.

e measurement, calculation, reporting, and use of heating vajlues of
els is covered in detail in the SAE Handbook under SAE J1498. For the
rpose of performing engine tests using alternative fuels, thE
1lowing interpretations and-concepts from SAE J1498 are emphasized
re:

Only the lower or net heating value should be used for all ¢
input calculations.

Since heats of _combustion are not always additive when comp

may be in error by large amounts even within the same class of fuels,
they are not substitutes for precisely measured heats of combustion,
particularly for alternative fuels. For comparing engine results,
empirical estimates should be avoided.

The need to accurately characterize the heating value of the baseline

fuel should not be overlooked when performance comparisons are being

made between two fuels.
or diesel fuel would be the baseline fuel.

al

Typically, but not always, automotive gasoline
The precepts in SAE J1498

ong with SAE J312 and SAE J313 should be used in determining the

heating value of the baseline fuel.
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4.2.3

Physical Properties: ASTM has many Test Methods for determining the

4.2.3.1

4.2.3.2

physical properties of substances. However, most ASTM Test Methods
explicitly state the class or range of substances for which the procedures
are valid. Departures from these substances, or modifications to these
procedures, run the risk of erroneous results. Since some alternative
fuels are not covered by ASTM Test Methods, use of such procedures for
substances other than those specified by ASTM requires a careful
examination of the procedure, and an anlaysis of the errors that could
occur by such a modified procedure. The modifications (procedure or
substance) should be clearly reported.

Uensity: Density measurements should be performed in a manner that will
d11ow calculation of the mass per unit volume of the fuely;-in[ the form
that the fuel is introduced to the engine. For pure liquid or pure
daseous fuels, density measurements should not create any unigue
pgroblems with the caveat that ASTM Test Methods may-not address the
garticular substance under consideration. For example, the sgope of the
glass hydrometer method (ASTM D 1298) includes'liquid petroleum
groducts, and liquid mixtures of petroleum products and non-petroleum

R

i

i

1

!

[

roducts, but does not include pure non-petroleum products. However,
STM D 3505 may apply to these substances.) ASTM D 1480 apparently can
e used for any material that is fluid between 20 and 100°C.

etermining the density of powdered solid fuels may be more difficult,
articularly since the density may vary with handling techniques. ASTM
4292 provides one method of sample preparation, but the scope of this
ethod only includes calcined petroleum coke. Determining the density
f fuels consisting of any combination of gaseous, liquid, or solid
ubstances could pose significant conceptual and physical megsurement
roblems.

Tash Point: ASTM has established several Test Methods for determining
he flash point of substances. One difference between these |Test

ethods includes.the physical characteristics of the substande. For
xample, ASTMD-56 can be used for liquids that have viscositflies below
ertain values at specific temperatures and flash below 93°CJ and do not
ontain suspended solids or form a surface film. Higher visdosity
iquids(and those containing suspended solids generally fit the criteria
or ASTM D 93. Care should be taken to insure that the propgr procedure
s used for the substance to be tested in the engine.

4.2.3.3 Vapor Pressure: Vapor pressure of many pure organic or inorganic

compounds can be found in reference books such as The Handbook of
Chemistry and Physics (a CRC publication). The limitation on this data
is that it appTies only to pure compounds. For substances where the
exact composition is not known, ASTM has developed several Test
Methods. These Test Methods have limitations on their applicability as
well. For example, the scope of ASTM D 2551 only includes
air-containing, volatile, nonviscous petroleum products at pre-selected
vapor-to-liquid ratios and temperatures. e scope is further 1im}ted
to substances that have a vapor pressure between 0.5 and 17 1bf/in

(3.4 to 117.2 kPa). Vapor Pressure of Petroleum Products by the Reid
Method (ASTM D 323) or Reid Vapor Pressure (RVP) is another common
procedure. The scope of this Test Method is limited to gasoline,

volatile crude oil, and other volatile petroleum products. -Specifically
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4.2.3.3 Vapor Pressure: (Continued)

excluded from ASTM D 323 are liquified petroleum gases and oxygenated
fuels. For fuels containing alcohols, a dry method and an automatic
method described in ASTM D-2 P-176 has been proposed as a future ASTM
Test Method. Because of the various limitations on methods to determine
vapor pressure, identifying an accepted standard procedure for fuel
consisting of certain combinations of gaseous, 1iquid, or solid
substances may be difficult.

4.2.3.4 VoletitHty+—FheveolatiHtychoracteristies—ofa—stbstance—ecam be
dgtermined by a number of different measures. For this reason| the
mgthod used to measure volatility generally depends on thélspefific
cqncern of interest. For instance, the flash point would“-be a
vglatility concern in safety issues. The vapor pressure of the
bstance at different temperatures might also be a ‘safety contern if
e possibility exists of forming a combustible mixture within|the test
11 {or other confined space) due to spills or leaks. Within|the
gine and fuel delivery system, the volatility, of the substante can
fect the fuel distribution in some induction systems, the degree of
11 wetting, cold starting capabilities,»and vapor lock to name just a
of the possible effects. ASTM has various Test Methods to|measure
diffferent volatility characteristics of>certain substances. Ipcluded
are Test Methods to measure distillation curves, flash points,
vapor/1iquid ratios, and vapor pressures. SAE J312 and ASTM D| 439
provide some insight on the significance of these different volatility
characteristics relative to automotive gasoline. Flash point and vapor
P
I

QDO W0

-+ £

ssure are also briefly discussed in this section of this dogument.
is important to select the appropriate volatility measure for the

4.2.3.5 Vijscosity: Viscosity measurements for pure liquid fuels should not
create any unique~conceptual measurement problems. ASTM D 445|describes
one method for measuring kinematic viscosity, but the scope of|the Test
Metthod only includes transparent and opaque petroleum products
Mepsuring viscosity of fuels consisting of gas and a liquid, a[liquid
and solid, 'or some other combination could pose significant measurement
prpbiems:.

ining Stoichiometric Fuel-Air Ratio: Th oichiometri -air
ratio is needed to calculate the operating equivalence ratio so that engine
performance can be compared at the same equivalence ratio. Changes in
stoichiometric fuel-air ratio must also be known in advance of engine
experiments when sizing or making adjustments to fuel injection or

carburetion systems.

The stoichiometric fuel-air ratio can be calculated from knowledge of the
fuel composition with the assumption that combustion occurs with dry air of
the composition found in Table 4-1. It is further assumed that the fuel can
be represented by the formula in Equation 4-1.
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4.3 Determining Stoichiometric Fuel-Air Ratio: (Continued)

where:

F<NK X%
[T T TR T

Ash

1

the atoms of carbon per mole of fuel
the atoms of hydrogen per mole of fuel
the atoms of oxygen per mole of fuel
the atoms of nitrogen per mole of fuel
the atoms of sulfur per mole of fuel

is not included in the fuel, since it is not common practice to give

molar analysis of ash contained in fuels.

Table 4-1
MOLECULAR WEIGHTS AND ASSUMED FRACTIONAL VOLUME

Composition of Sea Level Dry Air

Molecular Oxygen

Fractiopal Weight ) Re]atgve Norma]izf
Volume kg/kmole Mass Volume Ra

0.78084 28.0134 21.873983 3.7276 Eq
0.209476 31.9948 6.702981 1.0000 E-
0.00934 39.948 0.373114 4.4587 E
0.000314 44,0098 0.013819 1.4990 E
0.00001818 20179 0.000365 8.6788 E
0.00000524 4.,002602 0.000021 2.5015 E¢
0.00000114 83.80 0.000092 5.4422 E
0.000000087 131.29 0.000011 4.1532 E
0.000002 16.04276 0.000032 9.5476 E
00000005 2.01588 0.000001 2.3869 Et

28.964419 4,7738

b d
o4
-00
00
.02

103

-05
05
06

-06
06

1. Data from Table 3 of "U.S. Standard Atmosphere, 1976," National Oceanic and
Atmospheric Administration; National Aeronautics and Space Administration;
United States Air Force, Washington, DC, October 1976.

2. Calculated from 1983 IUPAC Atomic Weights, N. E. Holden and R. L. Martin,
Pure and Applied Chemistry, 56,663 (1983).

3. Relative

mass = fractional volume X molecular weight.

4, The ratio of the fractional volume of each gas species relative to oxygen.
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4.3 Determining Stoichiometric Fuel-Air Ratio: (Continued)

The basic chemical equation for combustion of the fuel identified in
Equation 4-1 is provided in Equations 4-2 and 4-3. Note that species other
than those in Equation 4-1 are assumed to be non-reactive with the oxygen or
the nitrogen in the air. As indicated in Equation 4-3, the products of
stoichjometric fuel combustion are assumed to be C02, H20, N2, and

S0,. {Note, also that these products may be subject to interpretation if
ex%aust gas analysis is used to compute the operating equivalence ratio
because of assumptions about the final form of the nitrogen and sulfur
compounds.) Should an unusual fuel be encountered that is not consistent
with these assumptions, the following equations should not be used, and the
basic [chemical balance (4-1, 4-2, and 4-3) should be re-formutated for the
fuel gnder test. Such reformulations should be reported.

CxHyO Ny S, +( ) [U+3. 7276N,+0. (44587 Ar 1=PROD (4-2)
PROU=(a) CO2+(b)Hp0+(c)S02+[ () (3.7276)+(v/2) INp+( q) (0. 044587 ) Ar (4-3)
where:

gl [ x + (0.25) y + w - (0.5)z] = the mdles of oxygen necessafry for
stoichiometric combustion

The fwndamenta] form of the stoichiometric fuel-air ratio is given| by
i

bquatilon 4-4,
(f/a)g = MWg / Q) (MWg) (4-4)
where:
MWe = Molecular weight of the fuel in the reactants of (4-2)
M = 138.2703 =((28.964419)%(4.7738)#

The mass ‘of air containing one molecular weight of oxygen.

# From Table 4-1.

If the| number of atoms for each element in the fuel is easily obtainable,
which mt onent tuels, determining the
stoichiometric fuel-air ratio by Equation 4-4 can be rather straight-
forward. However, many fuels are not pure compounds, and a precise number
of atoms for each element may be difficult or impractical to determine; for
example, where a blend of hydrocarbons is used or where hydrocarbons are
blended with alcohols. Further, for these non-pure compound fuels, the fuel
analysis typically available is one which determines the mass fractions of
the elements - not the number of atoms. Therefore, in these more common
situations, Equation 4-5 is preferred for calculation of the stoichiometric
fuel-air ratio.

(f/a)g = (0.7232)/[(%C/12.011)+ 0.25(%H/1.00794) + (2S/32.066) - (4-5)
0.5 (%0/15.9994)]
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4.3 Determining Stoichiometric Fuel-Air Ratio: (Continued)

Where:
%C = (FC)}(100) = the mass percentage of carbon in the fuel
%H = (FH)(100) = the mass percentage of hydrogen in the fuel
%S = (FS)(100) = the mass percentage of sulfur in the fuel
%0 = (FO)(100) = the mass percentage of oxygen in the fuel

0.7232 = (1/138.2703)(100)

and where:

Alth
the

thei
appe
incl
perc

If t
shou
ash
not

An a
foun
(hyd
sele

¢
FH
S
0

the mass fraction of carbon in the fuel
the mass fraction of hydrogen in the fuel
the mass fraction of sulfur in the fuel
the mass fraction of oxygen in the fuel

pugh the amounts of any non-reactive species that may be conf
Fuel (for example, water) do not appear explicitly in Equatig
r effects are included accurately, provided that the percentd
aring in Equation 4-5 are determined on.fhe total fuel samplg
ides the non-reactive species. In other words, the sum of th
entages in Equation 4-5 does not necessarily have to equal 1(

ne fuel being used contains a significant amount of ash, the
d consider the possibility that some forms or a certain port

pe applicable.

ternative calculationcfor the stoichiometric fuel-air ratio
i in SAE J1829. The procedure in SAE J1829 which uses a rati
rocarbon/carbon, oxygen/carbon, etc.) allows some flexibility
ction of the combustion products of fuel nitrogen and fuel sy

is reactive. If any of the ash is reactive, then equation (4-

tained in

n 4-5,
ges
which
e

0.

researcher
ion of the
5) would

can be

0 technique
in the
1fur. For

example one equilibrium product allowed in SAE J1829 from the combustion of

fuel
many
igni
by f
to p
with
goin

2 2 € Use
reporting engine performance on different fuels. If these assump

nitrogen is NO. In an engine, the amount of NO produced is
variables such as compression ratio, combustion chamber shap

tion timing. Because it would be difficult to separate any
el pitrogen from that produced by high temperature air reac

éngine design or operating conditions, the convention of fu

W

affected by
e, and

0 produced
ions, and

reclude the possibility of the stoichiometric fuel-air ratio|changing

1 nitrogen
en
tions are

used in the equations found in SAE J1829 (fuel nitrogen to N2 and fuel
sulfur to SOp), there is essentially no difference in the results between

SAE J1829 and Equation 4-5.
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5. IMPACT OF FUEL ON TEST PROCEDURES AND CALCULATIONS:

5.1 Background: SAE has developed several specific test codes that deal with
reciprocating, eng1ne test procedures and performance calculations (SAE J607,
J1312, J1349)2, em1ss1ons measurement (SAE J177, J215, J254, J1003, J1088,
J1094, J1130 J1243)2, and vehicle fuel economy (SAE J1082, J1256,

J1$76) These codes and procedures have h1stor1ca11y focused on tests

with convent1ona1 distillate fuels. When using alternative fuels, a broader
range of physical and chemical fuel properties must be addressed as outlined
in Section 4. For safety considerations and to give better assurance of a

proper rnmn;xv-'l son—of the nng'lna pnv"Fn\nmnnra with—-alternative f“‘-1'°: eng1ne

personpel need to become better acquainted with the technical defajls of the
fuel cpemistry and combustion reactions than has been the caseCfor |engine
tests pith conventional distillate fuels.

5.2 Test Procedure for Alternative Fuel Utilization: If an_éngine has|been
designed to operate on a specific alternative fuel, thén'many technical
concerps with the test facility and the fuel supp]y may have been gddressed
and the focus can immediately be on the performance, eémissions, ang
calcualted results. However, many alternative flel investigations |occur
with existing engine designs. In these situatjons, facility and fyel supply
questipns must be addressed before testing.

5.2.1 Health and Safety: An initial fuel property assessment should fqcus on
health and safety. These aspects are'foremost considerations fo
perspnnel handling the fuel or conducting the test, the end consumer or
vehi¢le operator, and others in contact with the environment arodnd the
operating engine. The possible toxicity of the fuel vapors to tie
respjratory system, liquids to the skin, or combustion products flo either
must|be investigated. Combustion of even trace elements or compdunds
could cause harmful exhaust. Explosion hazards can occur from vdlatile
fuels with low ignition -temperatures, combinations of fuels causing
combystible vapors where individually there is no concern, or ungtable
mixtyres self-igniting. In addition, health hazards for combinatlions of
fuel$ can in some.Cases be greater than those exhibited by the individual
fuel$ or components. If the heaith and safety related fuel propdrties are
not known or_incomplete, they should be determined before testind. Since
many |alternative fuels are by-products from the production of otaer

chemjcals; details of chemical composition of the fuels may not He readily
available. A source of safety information should be the facility Safety
Officer (who should be consulted); fuel composition and other related
safety information should be available_from the fuel manufacturer by means
of a Material Safety Data Sheet (MSDS)3 Other sources of health and
safety information are described in Appendix III.

25ee Appendix I for complete SAE titles. Note also that SAE continually

updates the documents listed in the SAE Handbook, therefore, the latest version
should be consulted.
3Material Safety Data Sheets are required to be available by U.S. Federal
Regulation (29 CFR 1910.1200). See Appendix III for additional information.
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5.2.2 Facility Considerations: Safety considerations above may establish

5.2.3

5.2.4

special facility or handling requirements such as automatic fire
protection systems, special test area ventilation or personal protective
clothing, etc. One of the first engine test facility considerations is to
determine the amount of fuel required, that is, the size of the cell fuel
tank, the bulk tank, special transportation requirements, etc. This can
be determined by the test duration, heating values of the alternative
fuel(s), projected combustion efficiency, and the average energy
consumption rate of the conventional fuel. For test consistency, the
total quantity of fuel required may need to be prepared or stored as a
single batch wi imi icta e weathering performance of the
fuel (for example, loss of volatile components, oxidation stabjlity, etc.).

114

Containment of the fuel is an important aspect, since incompatjbilities
beitween the fuel and equipment may cause changes in fuél uniformity or
position that could result in poor test consistenty.  Assesfment of
fuel compatibility with tank, lines, valves, seals, pumps, coolers, etc.,
should include a detailed review of every component of the supply system
from the delivery container to the combustion chamber.

supply 1ines or pumps need to be sized differently or special emperature
coptrols added. Care should be taken.when heating fuels to reguce
vigcosity such that an unsafe fuel condition is not created, or that
degradation of the fuel does not ofCur. Extra energy added to|the engine
fupl handling system to overcomesadverse fuel properties should be taken
into consideration in calculatiGns of performance comparisons (see
Section 6).

Fuel viscosity, stoichiometry, and melting{points will determiEe whether

Engine Fuel System(s) Considerations: The objectives of the particular

alternative fuel testwjill determine if fuel system modificatigns are
nepded. The simplest. approach is to utilize the conventional fuel system
if{compatible, andito document the change in power or performafjce that
ocgurs with the-alternative fuel. Possible overloading of the engine or
drjve train, er:-shortage of power for the application should then be
adfressed.

If| the test is to demonstrate equivalent engine or application performance
with the alternative fuels, then the fuel system setting, fuel [metering,
megering control, or even the entire system may need to be changed for
equat emergy IMpUt rate. 1In this case, the Tlexibility to operate on
conventional fuels when they are available may not be able to be retained
unless an independent secondary system is added for the alternative fuel.
However, it should be noted that if a dual fuel or pilot fuel system is
used, care should be taken to avoid overloading or overfueling the engine.

Performance and Emissions Test: Instrumentation and procedures described

in SAE codes and listed in paragraph 5.1 should be consulted when
performing engine tests. Additional guidance can be found in Appendices I
through V of this document. Deviations from these procedures for specific
test goals should be outlined clearly in the report on the test results.
Additional instrumentation may be required to accurately determine total
energy input (that is, voltage and current of auxiliary pumps or heaters
necessary for proper use of a specific alternative fuel, unique density,
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5.2.4 Performance and Emissions Test: (Continued)

5.2.6

volume, or mass fuel rate measuring requirements, etc.). Since combustion
characteristics can be drastically influenced by an alternative fuel,
in-cylinder dynamic combustion pressure measurements (when available) are
most valuable in determining the direction for preliminary engine
adjustment or modification. Simultaneous exhaust gas emission
measurements further enhance this understanding when these measurements
are correlated to inlet fuel rates and fuel chemistry.

necessary
D
N results
Some of

Calculation of Results: Calculation procedures to<{determine the results

obtlained from testing with alternative fuels generally require pnly the
incflusion of additional terms or changes to constants in the standard
equations found in SAE codes listed in paragraph 5.1. However,|some
required changes are more broad based, such“as determining the ¢nergy
accpunting system with which to report the“results. Formal test reports
shofuld document or reference changes made to standard calculatigns, and
metlhods used for energy input accounting, including the boundarjes or
limits of the accounting technique.

Specific guidance on calculation“changes for engine dynamometer
perfformance testing is givencin Appendix IV. Similar guidance pn emission
meajsurements is given in Appéndix V.

Othler Considerations: ‘Alternative fuel engine tests can contribute to

teclhnical information and understanding in many different areas| Areas
thalt are sometimes~investigated are (1) whether combustion can pccur, if
so |(2) the quality of combustion, (3) emissions from the fuel of
combustion, (4) health and safety, immediate or long term, (5) materials
copatibility-with engine components or lubricants, (6) specifif or
overall operating performance, (7) appropriate lubricant properties and
thdir possible effect on engine performance, (8) steady-state dynamometer
perfformance or transient operation, (9) cold starting, local ampient or
ex i 1) short term wear|or
extended 1ife, (12) specific application performance or all applications,
etc. These areas as well as many others have generally been defined or
investigated for conventional fuels. Testing an alternative fuel in one
or several of these areas may not imply acceptable resuits in other
areas. The overall assessment of an alternative fuel may require a more
comprehensive understanding and testing program than a normal development
program with conventional fuels.
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6.1

b.2

PERFORMANCE COMPARISONS:

Due to the different properties of alternative fuels, special care must be
exercised when comparing the performance of engine and vehicular systems
operated on non-petroleum fuels. It is useful in this regard to specify
recommended parameters for reporting operating conditions, engine
performance, and emissions results.

Engine Performance Parameters: Engine performance tests should be conducted
as closely as possible in accordance with recommended procedures to be found
in the SAE Handbook for the size and type of engines at hand. Necessary
changes should be documented where specific SAE codes and procedufres do not
addrgss specific test goals. It is recommended that speed be,reported in
revolutions per minute (rpm) and that load be reported as méan’ efffective
presgure in units of kPa. Maximum values of speed and loads shoufld also be
givenn. Other engine parameters, such as displacement and number
cylinders, should be reported so that parameters givenabove can
convgrted into power and torque.

paraneters on a brake basis, that is, brake power, brake mean eff
presgjure, etc. In the case of the development of new engine systems for the
combystion of alternative fuels, initial work is often performed
singlle-cylinder engines. In this case, engine friction data are usually

availlable either from motoring tests _or~as determined from brake power and
measyred pressure-volume diagrams. .Since single-cylinder engines| typically
have |Tower mechanical efficiencies’than multicylinder engines, the use of

both |indicated and brake mean effective pressure and associated plarameters
is rdcommended for single-cylinder tests.

Effidiency: For engines-operating on alternative fuels, it is recommended
that [comparisons be made on the basis of thermal efficiency on a prake or
indiqated basis, in agreement with the guidelines from the previous
paragraph. In reporting the thermal efficiency, it should be cleprly stated
which heating value’ of the fuel is used, and the physical state off the fuel
in the heating value tests. Specific energy consumption, as descjribed in
Section 3, is @lso an acceptable measure of efficiency. Again, the heating
valug used-should be clearly stated.

In the ca]cu]at1on of engine eff1c1ency, care must be taken to include all
of the o—the—eng 28U - m ed systems
are used wh1ch change the chem1ca1 structure of the fue1 and the systenms
require external energy sources for start-up or continuous operation and if
the energy supplied to operate the systems is not supplied by the fuel input
to the engine, this additional energy must be added to the fuel energy
supplied when determining the thermal efficiency of the engine. Also, any
energy supplied to the engine or associated fuel processing system which is
stored before a test and then depleted during a test, such as a battery
which is charged before a test and then discharged during a test, must also
be included in the energy supply to the engine. In other words, if a system
is essential for the operation of the engine, or is an "on-board" fuel
processing system, or is used to supplement the power output of the engine,
the energy consumed should be included in the calculation of thermal
efficiency.



https://saenorm.com/api/?name=5751267f29cf26f63f466327a0b513ff

SAE J1515 SAE Page 18

®

6.3 Exhaust Emissions: Exhaust emissions should be reported on a basis which
gives a true comparison of the effects of the fuel used. For engine tests,
it is recommended that emissions be reported on a brake or indicated
specific hasis in terms of grams emitted per hour per unit of power
(g/kW-hr)*. The emission index, typically grams of emitted substance per
kilogram (kg) of fuel consumed, is also a satisfactory parameter for
reporting emission results. If the emissions are a weighted average, the
test cycle and weighting procedures should be described.

6.4 Fuel Composition: Fuel composition should be reported on a basis that
allows_a true comparison of and evaluation of the fuel used. It is
prefenred that blend fractions of common fuels as well as elementa
fractilons be reported on a mass basis. If reported on a different|basis
(for example, volume or energy split), sufficient information)shoufld be
included that will allow a determination of the mass fractions (where
possifjle ASTM D 2421 should be used). In addition to the basic composition
infornation, the phase of the fuel (1iquid, gas, or solid) ‘as used|by the
enging should be clearly evident in the report of the results.

6.5 Mixturle Strength: Since many alternative fuels _have stoichiometrif fuel-air
ratioqd which are significantly different from £he typical values fpr pure
hydroclarbon fuels, special care should be exércised when reporting|mixture
strength. The recommended parameter is the fuel-air equivalence rptio as
defingd in Section 3 and paragraph 4.3. _In reporting the propertigs of the
fuel, [the stoichiometric fuel-air ratio of the fuel tested should pe given,
but the equivalence ratio should be the only parameter used for the actual
comparjison of mixture strength.

4The U.S. Federal and State of California Emission Regulations for Heavy-Duty
Vehicles require emissions to be reported in the non-SI unit of g/BHP-h.
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Appendix I
SAE Handbook Documents That
May Be Affected by Use of Alternative Fuels!

SAE Number Title
1.1 Power Test Codes?:
Jou7 Small Spark Ignition Engine Test Code
J1228 Marine Engine Rating Code
J1312 Procedure for Mapping Engine Performance - Diesel and Spark

Ignition Engines
J1349 Engine Power Test Code - Spark Ignition and Diesel
[.2 Emisgions:
d35 Diesel Smoke Measurement Procedure
J177 Measurement of Carbon Dioxide, Carbon Mofioxide, and Oxides of

Nitrogen in Diesel Exhaust
J215 Continuous Hydrocarbon Analysis of Dijesel Emissions
J2b4 Instrumentation and Techniques for“Exhaust Gas Emissions| Measurement
J255 Diesel Engine Smoke Measurement
J1003 Diesel Engine Emission Measurement Procedure
J1088 Test Procedure for the Measurement of Exhaust Emissions [from Small

Utility Engines
J1094 Constant Volume Sampler:System for Exhaust Emissions Mealsurement
J113u Determination of Emissions from Gas Turbine Powered Lighit Duty

Surface Vehicles
J1243 Diesel Emission Production Audit Test Procedure
[.3 Fuelg: |
J312 Automotive Gasolines
J313 Diesel Fuels
J1297 Alternative Automotive Fuels
J1498 Heating Values of Fuels
J1829 Stoichiometric Air/Fuel Ratios of Automotive Fuels

1This Tist may not cover all of the SAE Handbook documents that could be

affected by use of Alternative Fuels.
Note also that SAE continually updates the documents listed in the SAE

here.

The more obvious documents are

.Handbook and the latest version should be consulted.
Note SAE J245 and J816 have been superseded by SAE J1349.

listed
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Appendix I (Continued)
SAE Number Title

1.4 Vehicle Fuel Economy:

J1062 Fuel Economy Measurement - Road Test Procedure

J1256 Fuel Economy Measurement - Road Test Procedure - Cold Start and

» Warm-Up Fuel kconomy

J1376 Fuel Economy heasurement Test (Engineering Type) for Trucks and
Buses

I.5 Other:

J3u Fuel and 0il Hoses

J905 Fuel Filter Test Methods

J1350 Selection and Application Guidelines for Diesel,-Gasoline{ and

Propane Fired Liquid Cooled Engine Pre-Heaters
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Appendix II

ASTM Test Methods That May Be Useful for Characterizing
Fuel Properties!

ASTM Number ASTM Title
L 4175 Standard Terminology Relating to Petroleum, Petroleum Products, and
Lubricants

Fuel Properties

D 56 Test Method for Flash Point by Tag Closed Tester

D 93 Test Method for Flash Point by Pensky-Martens Closéd Tester

b 323 Test Method for Vapor Pressure of Petroleum Products (Reid Method)

D 613 Test ﬂeghod for Ignition Quality of Diesel Fueds’by the|Cetane
Metho

D 909 Test Method for Knock Characteristics of Aviaton Gasolifes by the
Supercharge Method

D 976 Methods for Calculated Cetane Index of Distillate Fuels

D 1298 Test Method for Relative Density (Specific Gravity) or API Gravity
of Crude Petroleum and Liquids.Pétroleum Products by Hydrometer
Method

U 2623 Test Method for Knock Characteristics of Liquified Petrdleum (LP)
Gas by the Motor (LP) Method

D 2699 Test Method for Knock Characteristics of Motor Fuels by |the
Research Method

D 2700 Test Method for Knock-Characteristics of Motor and Aviation Fuels
by the Motor Method

D 2885 Test Method for Research and Motor Method Octane Ratings Using.
On-Line Analyzers

D 2886 Test Method for Knock Characteristics of Motor Fuels by |the
Distribution Octane Number (DON) Method

D 4052 Test Method for Density and Relative Density of Liquids by Digital
Density Meter

Heating Value

D 240 Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels by
Bomb Calorimeter

D 1405 Method for tstimation of Net Heat of Combustion of Aviation Fuels

D 1826 Test Method for Calorific Value of Gases in Natural Gas Range by

Continuous Recording Calorimeter

1This 1ist may not cover all of the ASTM Test Methods or procedures that may be
of use in characterizing fuel properties. For further information, consult the
most current "Annual Book of ASTM Standards." Additionally, most ASTM Test
Methods explicitly state the class or range of substances for which the
procedures are valid. Departures from these substances or modifications to the
procedures run the risk of erroneous results. However, if departures or
modifications are made, they should be well documented, and the documentation
should include an estimation of potential errors in the results.
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Appendix II (Continued)
ASTM Number ASTM Title

Heating Value (cont'd)

b 2015 Test Method for Gross Calorific Value of Solid Fuel by the
Adiabatic Bomb Calorimeter

D 2382 Test Method for Heat of Combustion of Hydrocarbon Fuels by Bomb

' Calorimeter (High Precision Method)

D 3286 i ifi the
Isothermal-Jdacket Bomb Calorimeter

b 3588 Method for Calculating Calorific Value and Specific Gravifty
(Relative Density) of Gaseous Fuels

D 4529 Test Method for Estimation of Net Heat of Combustion of Ayiation
Fuels .

E 711 Test Method for Gross Calorific Value of Refuse Derived Fuel
(RDF-3) by the Bomb Calorimeter

Fuel Compogition

D 129/ Test Method for Sulfur in Petroleum Products (General Bomp Method)

IP 61

D 1018 Test Method for Hydrogen in Petroleum Fractions

D 1072 Test Method for Total Sulfur-in Fuel Gases

D 1206/ Test Method for Sulfur in Petroleum Products (Lamp Method))

IP 107

D 1552 Test Met?od for Sulfur~in Petroleum Products (High-Temperature
Method

D 1685 Test Method for Traces of Thiophene in Benzene by Spectrophotometry

D 2385 Test Method for Hydrogen Sulfide and Mercaptan Sulfur in Natural
Gas (Cadmium Sulfate Iodometric Titration Method)

D 2420 Test Method-for Hydrogen Sulfide in Liquified Petroleum (LP) Gases
(Lead Acetate Method)

D 2421 Standard:}iéthod for Interconversion of Analysis of Cg and Lighter
Hydrocarbons to Gas-Volume, Liquid-Volume, or Weight Bafsis

b 2504 Test Method for Noncondensible Gases in C3 and Lighter
Hydrocarbon Products by Gas Chromatography

D 2022 Test Met?od for Sulfur in Petroleum Products (X-Ray Spectirographic
Method

D 2725 Test Met?od for Hydrogen Sulfide in Natural Gas (MethyTene Blue
Method

D 2747 Test Method for Trace Quantities of Total Sulfur in Volatile
Organic Liquids (Oxy-Hydrogen Combustion Method)

D 2784 Test Method for Sulfur in Liquefied Petroleum Gases (Oxy-Hydrogen
Burner or Lamp)

D 2785 Test Method for Trace Quantities of Total Sulfur (Wickbold and
Beckman Combustion Apparatus)

D 3031 Test Method for Total Sulfur in Natural Gas by Hydrogenation

D 3120 Test Method for Trace Quantities of Sulfur in Light Liquid
Petroleum Hydrocarbons by Oxidative Microcoulometry

D 3227/ Test Method for Mercaptan Sulfur in Gasoline, Kerosene, Aviation

IP 342 Turbine and Distillate Fuels (Potentiometric Method)
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Appendix II (Continued)
ASTM Number ASTM Title

Fuel Composition (cont'd)

D 3228 Test Method for Total Nitrogen In Lubricating 0i1s by Modified
Kjeldahl Method

D 3230 Test Method for Salts in Crude 0i1 (Electrometric Method)

D 3235 Test Method for Solvent Extractables in Petroleum Wax

D 3246 Test Method for Sulfur in PetroleumGas—by OxidativeMigrocoulometry

UV 3343 Method for Estimation of Hydrogen Content of Aviation/Fiels

D 3431 Test Method for Trace Nitrogen in Liquid Petroleum Hydrdcarbons
(Microcoulometric Method)

D 3701/ Test Method for Hydrogen Content of Aviation Turbine Fudls by Low

IP 338 Resolution Nuclear Magnetic Resonance Spectrometry

b 3703 Test Method for Peroxide Number of Aviation{Turbine Fuels

D 4045 Test Method for Sulfur in Petroleum Products by Hydrogenolysis and
Rateometric Colorimetry

D 4046 Test Method for Alkyl Nitrate in Diesél Fuels by Spectrgphotometry

D 4084 Method for Analysis of Hydrogen Sulfide in Gaseous Fueld (Lead
Acetate Reaction Rate Method)

D 4294 Test Method for Sulfur in Petroléum Products by Non-Dispersive
X-Ray Fluorescence Spectrometry

E 147 Specification for Apparatus<for Microdetermination of Niltrogen by
Kjeldahl Method

E 146 Specification for Apparatus for Microdetermination of Niltrogen by
Dumas Method

E 191 Specification for Apparatus for Microdetermination of Carbon and
Hydrogen in Organic and Organo-Metallic Compounds

E 258 Test Method for(Total Nitrogen in Organic Materials by Modified

: Kjeldahl Method

E 379 Specification for Apparatus for Direct Microdetermination of Oxygen
in Organic Compounds
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III.1

I11.2

Appendix III

Potential Sources of
Health and Safety Information!

Une source of health and safety related information is standard
reference books (three are listed in the bibliography - there may be
others). In addition, many countries may have government agencies which
have promulgated standards, regulations, or which have related
1nformat1on for exposure hand11ng, storage transport or d1sposa1 of

part ar—fuels or fuel componen the U.S.A
are OSHA - Occupat1ona1 Safety and Health Adm1n1strat1on Deptl. of
Lgbor; NIOSH - National Institute for Occupational Safety and Health,

Dgpt. of Health and Human Services; DOT - Department ofclranspprtation;
and tEPA - knvironmental Protection Agency. Another source of
information are the codes of Fire Protection Associdtions such
Ndtional Fire Protection Association in the U.S.A{

as the

Tq distinguish between the various U.S. Federal-Agencies in gepheral
tqrms, OSHA can be described as a regulatory-Administration p imari]y
cgncerned with setting exposure limits for\various substances [in the
wqrk place. NIOSH primarily makes ava11ab1e research data on ftoxicology
arld exposure levels to OSHA for OSHA's. regulation process. DO (in this
cgntext) deals mainly with the interstate transportaton of varfious
sybstances. The EPA is concerned*with emission hazards from the
tnansportation, storage, and usetof the fuel or fuel components, as well
ayg t?e hazards that may occur from disposal {water supplies, lpnd fill,
etic.).

O3HA Standards can be found in a set of books called the Code pf Federal
Regulations (CFR) which are published and updated each year by| the U.S.
Fgderal Government: These books are labeled by "Title" numbers, and are
available in most-major university libraries. OSHA information is in
Title 29. Thempst relevant portions of Title 29 are in Part [1910,
(Qubpart Z-Toxic and Hazardous Substances) Section 1000 (Air
Cgntaminants) and Section 1200 (Hazard Communication). The correct
rdferences ) would be 29CFR1910.1000 and 29CFR1910.1200.

Sqction 1200 includes the Federal requirements for Material Saffety Data
sr The sheets are required by regulation to be provided to
manufactur1ng purchasers" by "chemical manufacturers" or "importers"

(as defined in Section 1200) for each hazardous chemical (also defined
in Section 1200). The sheets include labeling information, physical and
chemical characteristics, physical hazards, health hazards, primary
route of entry, permissible exposure limits, whether it is listed as a
carcinogen, general precautions, control measures, emergency procedures,
and a phone number for additional information.

IThe information provided in this Appendix is not to be taken as endorsement of
any particular reference nor is it to be impiied that with a review of these
references the obligation to investigate health and safety related issues is
necessarily complete. The information listed is only intended as a guideline

with whi

ch to start the investigation.
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II1.3

I11.4

IT1.5

bpta Bases:

Appendix III (Continued)

EPA standards and regulations are contained in Title 40 of the Code of
Federal Regulations.

Reference Books:

I11.3.1 Condensed Chemical Dictionary, G. G. Hawley, Van Nostrand
Reinhold - (use latest edition).

I11.3.2 Dangerous Properties of Industrial Materials, N. I_ Sax, Van

Nostrand Reinhold - (use latest edition).

IfI.3.3 Handbook of Toxic and Hazardous Chemicals, M. Sitting, Noyes
Publications - {use Tatest edition).

II1.3.4 Safe Haﬁd]ing and Testing of Alternative Fuels, U.S.|Department
of Energy, Number DOE/CS/-56051-6 UC-96, January of [982.

II.3.5 Additional sources (that is, reference books and dath bases)
can be found in Appendix C to 29<0FR 1910.1200.

The data bases referenced are primarily computer records of chemicals
apd their physical, environmental, and toxicological properties. Both
piiblic and commercial data basés are available. Most require|a fee for
upe in addition to a computer terminal and trained personnel.

There are also many commercial literature search companies that for a
fee will access or provide access to private as well as publi¢ data
bgases. As would be-expected, the information available from the
djfferent sources.may overlap. To aid in identifying such soyrces,
those that are Currently available to Environmental Protectio Agency
personnel through the EPA library system are listed in Table III-1 and
-#. There way be other sources that may be more convenient, gseful,
reélevant,~€tc. Information on locating additional sources sh uld be
ayailable~through the local public or university Tibrary.

National Fire Protection Agency {NFPA) Codes:

(BatteryMarch—Park;—fuincy, MA—00269)

National Fire Protection codes are mainly concerned with combustion of
flammable substances at atmospheric pressure. Codes that may be
relevant are listed below.

II1.5.1 Hazardous Chemical Data, No. 49.

II1.5.2 Combustion Engines and Gas Turbines, No. 37.

II1.5.3 Flammable and Combustible Liquids Classification, No. 321.
I11.5.4 Flammable and Combustible Liquids Code, No. 30.

I11.5.5 Laboratories Using Chemicals, No. 45.

II1.5.6 Flammable Liquids, Gases, and Volatile Solids, No. 325M.
IIT1.5.7 Manual of Hazardous Chemical Reactions, No. 491M.
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Data Base

CAS On-Tine

Table AIII-1

Chemical Information Data Bases

Description

Chemical Abstract Service. Records of chemical

abstracts covering journals, books, etc., from all
areas of chemistry and chemical engineering worldwide

through STN International.

Source Codel

10

CIS

DIALOG

MSDS

HAZARDL INE

NLM

OHM/TADS

Chemical Information Service. A collection of

scientific and regulatory databases pertaining to
chemistry.

bialog Information Service, Inc. An umbrella-ldke
collection of many databases; includes hazardous
waste information.

Material Safety Data Sheets on various{substances.

Regulatory, health and precautionary<information on

more than 78,000 industrial chemicals. This database
is available through a number of, sources, including
NLM, BRS, and OHS.

National Library of Medicine. Includes a collection
of specialized hazardous waste databases.

- TOXLINE - Covers.pharmacological, biochemical,
physiological,(environmental, and toxicological
effects of drugs and other chemicals.

- TOXNET + A“new NLM Toxicology Network.

0i1 and-Hazardous Materials/Technical Assistance Data

System. Overall data fiels covering transportation
combustibility, toxicity to humans and animals, odor,

disposal, and hazards, among other topics.

OHS

Tsee Table AIII-2, other sources may be available.

Occupational Health Services. Contains some 5,000
chemical profiles, including names, CERCLAZ

information, disposal information and other materials.

or university library.

2Comprehensive Environmental Response Compensation and Liability Act
(Superfund).

Consult your local public
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Table AIII-1 (Continued)

Chemical Information Data Bases

Data Base Description ' Source Codel

RTECS Registry of Toxic Effects of Chemical Substances 2, 5, 8

(RTECS), U.S. Department of Health and Human Services,
CuC, NIOSH, Cincinnati, OH 49226.

SDS Systems Development Corp., A collection of databases 9
including those with scientific and technical material’

ISee Table ARI1I-2, other sources may be available. Consult your local public or
university library.
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Source
Code

w

10

Table AIII-2

Data Base Sources?

Source

BRS Information Technologies, 1200 Rt. 7, Latham, NY 121
800/345-4BRS.

Chemical Information Systems, a subsidiary of Fein Marqua

10;

t Assoc.,

7215 York Road, Baltimore, MD. 21212; 301/321-8840; 800/

ICI, Information Consultants, Inc., 1133-15th Streety NW,
300, Washington, DC 20005; 202/822-5200.

DIALOG - Information Services, Inc., 3460 Hillwiew Ave.,
CA  94304; 415/858-3785; 800/3DIALOG.

Medlars Management Section, National Library of Medicine,
Rockville Pike, Bethesda, MD 20894; 301/496-6193; outsid
Maryland 800/638-8480.

Mead Data Central, P.0. Box 933, Dayton, OH 45401; 513/86
800/227-4908.

OHS (Occupational Health Sérvices), 400 Plaza Drive, P.O.
Secaucus, NJ 07094; 201/865-7500; 800/223-8978.

Printed RTECS is generally available through the Superint
Documents, U.S. GPO, Washington, DC 20402; 202/783-3238.
microfiche updates are available though the GPO. Compute
are availabléithrough the National Technical Information

(NTIS), Port-Royal Road, Springfield, VA 22161; 703/487-

SDC Information Services, 2525 Colorado Avenue, Santa Mon
904063%°213/453-6194; in California - 800/352-6689; ouside
California - 800/421-7229.

STN-Columbus, % Chemical Abstracts Service, P.0. Box 0222

P47-8737.

Suite

Palo Alto,

8600
of

11%4

b-6800;

Box 1505,

bndent of
Yearly
r tapes

Service
1650,

ica, CA
of

B

Columbus, OH 43202; 614/421-3600; inside Ohio - 800/848-
outside Ohio - 800/848-6533.

1From Table AIII-1.
Other sources may be available; consult your local public or university

library.

5538
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Iv.2
Iv.z.1

Iv.2.2

Iv.2.3

Iv.2.3.1

Appendix IV

Guildeline for Adjustments to Power Test
Code Calculations When Using Alternative Fuels

Introduction

If published engine test results from various sources are more directly
comparable, the selection of the best engine and alternative fuel
option to meet the job requirements specified by the manufacturer or

documents in Appendix I is a focus to help the reader recog
of scope of the requirements. This appendix focuses on?bot
general and the specific modifications that might be cvequir
performance calculations for SAE J1349, Engine Power“Test C
Ignition and Diesel. Similar modifications shouldybe consi
using SAE J607, J1228, J1312, or J1376, or when-performing
outside of the scope of the various test codes. SAE J916 (
measure) is a further guide for uniformity of results.

General Guidance:

problems, unless a vapor fuel is aspirated into the air stre

be in accordance with SAE J177.

mass fuel flow-plus any auxiliary equipment power not utili;

Airflow measurement with alternative)fuels should pose no s

airflow measurement is performed.” In this case, caution sh

to_obtain the correct airflow.measurement, and in subsequent

calculations. Volume flow measurements need to be converte
flow for fuel-air ratio calculations.

Barometer corrections(for humidity and the humidity calcula

Energy Rate fortalternative fuels includes the energy in the
engine when running on conventional fuels.

Fuel Energy Rate requires a knowledge of the fuel's lower h

and_the mass rate of fuel flow. The mass rate of fuel flow
preferably determined by a mass/time measurement.

ected SAE
ize breadth

the

d in the
de - Spark
ered when

nique tests
bl units of

>e¢ia1
pam before
buld be used

b,

1 to mass
tion shall

b actual
red by the

pating value
is

Mass fuel rate (F} is simply ....
F = (mg)/(At)

where: mf = mass of fuel comsumed, g
At =

time, s

[AIV-1]

If a volume/time fuel measurement system is used, the density of the

fuel at the measured fuel temperature must be included ....
F = [(1000)(V¢)(d)T / (At)

volume of fuel, L or m3
density of fuel, kg/L or kg/m3

where: Vg

d =

[AIV-2]
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The fuel energy rate then is:
FER = (F) (LHV) [AIV-3]
where: FER = fuel energy rate, kd/s
F = fuel rate, g/s
LHV = fuel Tower heating value, MJ/kg

Iv.2.3.2

Iv.2.4.2

Iv.2.4

Iv.2.5

Iv.2.6

maintain solution, assist ignition, etc., if it is not engin
must be included in fuel (energy) consumption results for-co
éngines running on other alternative or conventional fuels.

Total tnergy Rate

TER = FER + Ot
where: TER = total energy rate to the engine, kd/s--note tha
equals one kW.
FER = fuel energy rate, kd/s
Ot = other energy, kW or kJd/s

Jpecific Energy Consumption

inject,

driven,
parison to

[IAV-4]
t one kd/s

BSEC = TER/bp [AIV-5]
ISEC = TER/ip [AIV-6]
where: bp = brake power, kW
ip = indicated power, kW
BSEC = brake specific energy consumption, (kdJ/s)/kW
ISEC = ihdicated specific energy consumption, (kd/s)/kW
Jtoichiometric Fuel-Air Ratio is a function of the fuel type,| and
Maries according to the fuel composition. See paragraph 4.3 ffor
qtoichigmetric determination. Stoichiometric (f/a) ratio calculations
in 40 CFR 86.345 (Subpart D), SAE J1088 (paragraph 5.2.2 and PAppendices
A, By>and C), and J177 (Sections 5 and 6) must be modified to| include
notecular fuel oxygen, !nitrogen, or sulfur when present, and|are
generally not adequate for alternative fuels (see Appendix V for
additional insight).
Thermal Efficiency
BTE = 100 [bp/TER] = 100 [1/BSEC] [AIV-7]
ITE = 100 [ip/TER] = 100 [1/ISEC] [AIV-8]
where: BTE = brake thermal efficiency (%)
ITE = indicated thermal efficiency (%)
Note: The fractional thermal efficiency is the inverse of the specific

of the specific energy consumption.
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Appendix IV (Continued)
Specific Guidance for SAE J1349:

Power Correction factors for non-standard ambient or inlet test

conditions shall be determined in accordance with SAE J1349 except for
the computation of the mass fuel rate per stroke per unit of engine
displacement, or "q" in mg/L-cycle, for diesel engines. The term,
which was developed for typical diesel fuels, must be stated on an
energy basis because of the varied heating values associated with

n on

eating values of fuels.)
q = [(120,000 F) / (DN)] (LHVA/LHVB) mg/L-cycle [AIV-9]

for a 4-stroke engine (constant 120 000 would be 66-000 for d 2-stroke
gngine).

where: F = fuel rate, g/s
D = engine displacement, L
N = engine speed, r/min
LHVA =  Tlower heating value of ‘alternative or of f-spec fuel,

MJ/kg
LHVB =  lower heating value of spec diesel fuel, MJ /kg

This corrects the mass flow of the alternative fuel to the malss flow of
& typical diesel fuel that wou¥d provide the same energy input. Thus
modified, "q" can be used in the standard engine factor and il the
corrected brake power calculations as specified by SAE J1349.
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V.1

V.1
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Appendix V

Guidelines for Adjustments to Emission
Measurement Calculations When Using Alternative Fuels

Overview:

The U.S. Environmental Protection Agency has published regulations with
specified emissions test procedures and equipment performance

requirements.

s o Aaccocaoncoan o~ aaac o

These regulations apply to gasoline and d1ese1 powered

1Il:’ll"l; du bJ Puaabllscl LUl o Ul tl U\o’\), uud hcuvy du LJ SG)UI |||
diesel engines that are being operated on either gasoline-0p
fuels (Title 40, Code of Federal Regulations, Part 86), QSAE
several standard emission measurement procedures (seecAppend
Regulated emissions from %he classes of vehicles and engines
include hydrocarbons (HC)', carbon monoxide (CO), ‘oxides of

(NOyx), and diesel particulate and smoke.
example, PNA, BaP, formaldehyde,2 and sulfates)“are consider
unregulated emissions. The U.S. Clean Air Act and the 1977

Act Amendments imply compliance with applicable regulations,
are no specific procedures for measuring emissions when usin
alternative fuels?.

Because the chemical composition of, the alternative fuel use
influence the exhaust emission species, procedures developed
gasoline and diesel fuels may -not have adequate safeguards t
erroneous or incomplete emission measurements. The possibil
unexpected problems that could alter the emissions results s
major concern when testing with alternative fuels. The foll
possible problem areasiillustrate some of these concerns:

Fmissions Analyzers: The limitations of the emissions analy

example, current flame ionization detectors (FID's) have a d
voltage to concentrat1on response for different classes of o

matter (6p) compounds. When calibrated in accordance with

procedures for gasoline and diesel fueled vehicles or enginep
instruments may not be capable of accurately measuring the c

interest in the exhaust of an engine running on an alternati

A1l other emissionk

be identified for the particular alternative fuel under testi

e and
diesel
also has
ix I).
described
nitrogen
(for

b d

Ciean Air
but there
J

d will

for

D prevent
jty of
hould be a
DWi ng

rers should
For
|fferent
rganic

5, these
pmpound of
ve fuel.

Tunburned or partia]]y burned fuel emissions have traditionally been labeled

hydrocarbon emissions.
included oxygen bearing fuels.

However, hydrocarbon fuels traditionally have

not

Southwest Research Institute, under contract to

the U.S. EPA, developed the term "Organic Matter" (OM) emissions to encompass all

classes of unburned fuel emissions.

2A Notice of Public Rulemakeing (NPRM) for emission standards and test
procedures for methanol fueled Light Duty Vehicles (LDV) and trucks (LDT) was

published by the U.S. EPA on August 29,

1986 in the Federal Register.

See the report referenced in Section V.1.4.

For

methanol, vehicle emission levels of formaldehyde are proposed to be included in
the measure of organic matter, and therefore could be considered a regulated
emission component.
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V.1.2

V.1.3

Appendix V (Continued)

The probable difference in species composition of the engine exhaust

may produce a different instrument response. The instrument,

therefore, may not produce a reading representative of the actual

concentration, resulting in erroneous emission measurements.

Other analyzers for either regulated or unregulated emissions
be affected by the change in species or a change in the ratio

may also
of

species in the exhaust of an alternative fueled engine when compared to

Changes™in cong
f well known interfering species such as water could cause
High water concentrations might, under some circumstances, o
ater traps in the CO and C0, analyzers such that the extra
ould be measured as increases in CO and Co,.
0, analyzers, additional water may increase the amount of qu
eéuce the NO, reading.

-~

N some cases, mathematical corrections can be made after the
easurement of data to modify the emissions readings from the
nstrument to compensate for errofs known to result from the
tternative fuel. In addition _to evaluating the potential im
he alternative fuel may have9n the instruments, and attempt
[Teviate these effects, emission data from alternative fuele
hould clearly indicate whether any correction to the data ha
pde, and the techniqueCused to derive the correction factor.

=N - T A

pample Handling Systems: A change in concentration or a chan

f exhaust emissions species due to the use of alternative fu
ffect the proper transport of the sample to the emissions an
pr example,some alternatively fueled engines may produce

ignificantly more water than current gasoline or diesel fuel
ngines.(This may lead to the need for heated lines, or in t
VS testing, higher dilution ratios to prevent water condensa
ternative fuels are used. The use of an alternative fuel m

OO0 w Tl ol

ntration
roblems.
rwhelm

Lise of an
pact that
ing to
d engines
5 been

ge in type
21s may
alyzer.

U

pd

e case of
Lion when

By also

aUse the unburned fuel emissions to change such that increas

pd sample

system temperature and reduced transport time are necessary to prevent

these new species of unburned fuel emissions from condensing in the

sample system.

Some alternative fuels may produce compounds that are

more corrosive to the sample transport hardware, or react with the

other constituents in the exhaust gas.

required to minimize the time available for reactions.

New Emissions:

that are not normally associated with the
being tested.

In this case, different system
materials may be needed and extremely short transport times may be

An alternative fuel may create a class of emissions

particular type of engine
For example, the use of some forms of alternative fuels

in SI engines might possibly create high levels of particulates that

are not normally associated with an SI engine.
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