NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

[‘Iw Designation: D 2699 — 03 An American National Standard
“n’
INTERNATIONAL
IPW Designation: 237/87

Standard Test Method for
Research Octane Number of Spark-Ignition Engine Fuel

This standard is issued under the fixed designation D 2699; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
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1. Scope* A2.3.9, A2.4.8, A3.2.7.21), A4.2.3.1, A4.2.3.F) and Q),

1.1 This laboratory test method covers the quantitativeA4-3-5' X2.3.7, X3.2.3.1, X3.3.4.1, X3.3.9.3, X3.3.11.4, and
determination of the knock rating of liquid spark-ignition X3.5.1.8.
engine fuel in terms of Research O.N., except that this te
method may not be applicable to fuel and fuel components th
are primarily oxygenatesThe sample fuel is tested using a 2-1 ASTM Standards:
standardized single cylinder, four-stroke cycle, variable com- D 1193 Specification for Reagent Weter S
pression ratio, carbureted, CFR engine run in accordance with D 1744 Test Method for Determination of Water in Liquid
a defined set of operating conditions. The O.N. scale is defined _Pétroleum Products by Karl Fischer Readent
by the volumetric composition of PRF blends. The sample fuel D 2268 Test Method for Analysis of High-PurityHeptane
knock intensity is compared to that of one or more PRF blends. _andIsooctane by Capillary Gas Chromatography

The O.N. of the PRF blend that matches the K.I. of the sample D 2360 Test Method for Trace Impurities in Monocyclic
fuel establishes the Research O.N. Aromatic Hydrocarbons by Gas Chromatography

1.2 The O.N. scale covers the range from 0 to 120 octane D 2700 Test Method for Motor Octane Number of Spark-

number but this test method has a working range from 40 to _!gnition Engine Fuel o
120 Research O.N. Typical commercial fuels produced for D 2885 Test Method for Determination of Octane Number

spark-ignition engines rate in the 88 to 101 Research O.N. ©f Spark-Ignition Engine Fuels by On-Line Direct Com-

2. Referenced Documents

range. Testing of gasoline blend stocks or other process stream _Parison Technique . o
materials can produce ratings at various levels throughout the D 3703 Test Method for Peroxide Number of Aviation
Research O.N. range. Turbine Fuel$ _

1.3 The values of operating conditions are stated in Sl units P 4057 Practice for Manual Sampling of Petroleum and
and are considered standard. The values in parentheses are the Peétroleum Products _
historical inch-pound units. The standardized CFR engine D 4175 Terminology Relating to Petroleum, Petroleum
measurements continue to be in inch-pound units only because Products, and Lubricarits

of the extensive and expensive tooling that has been created forD 4177 Practice for Automatic Sampling of Petroleum and
this equipment. Petroleum Producis

1.4 This standard does not purport to address all of the D 4814 Specification for Automotive Spark-Ignition Engine
safety concerns, if any, associated with its use. It is the Fue . _ _
responsibility of the user of this standard to establish appro- D 9842 Practice for Sampling and Handling of Fuels for
priate safety and health practices and determine the applica- _ volatility Measuremenfs

bility of regulatory limitations prior to useFor specific hazard ~ E 1 Specification for ASTM Thermometéfs
statements, see Section 8, 13.4.1, 14.5.1, 15.6.1, Annex A1, E 456 Terminology Relating to Quality and Statistics

2 Annual Book of ASTM Standardgol 11.01.
1 This test method is under the jurisdiction of ASTM Committee DO2 on  “Discontinued. See 199@nnual Book of ASTM Standardgol 05.01.
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee * Annual Book of ASTM Standardgol 05.01.

D02.01 on Combustion Characteristics. ® Annual Book of ASTM Standardgol 06.04.
Current edition approved June 10, 2003. Published August 2003. Originally 7 Annual Book of ASTM Standardgol 05.05.
approved in 1968. Last previous edition approved in 2002 as D 2699 — 02. & Annual Book of ASTM Standaydéol 05.02.

2 Motor O.N., determined using Test Method D 2700, is a companion method to  ® Annual Book of ASTM Standardgol 05.03.
provide a similar but typically lower octane rating under more severe operating *° Annual Book of ASTM Standardgol 14.03.
conditions. * Annual Book of ASTM Standardéol 14.02.

*A Summary of Changes section appears at the end of this standard.
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E 542 Practice for Calibration of Laboratory Volumetric for sample and reference fuels is determined using the falling

Apparatus? level technique that changes carburetor fuel level from a high
2.2 ANSI Standard? or rich mixture condition to a low or lean mixture condition, at
C-39.1 Requirements for Electrical Analog Indicating In- a constant rate, causing knock intensity to rise to a maximum

struments and then decrease, thus permitting observation of the maxi-
2.3 |IP Standard: mum knockmeter reading.

IP 224/02 Determination of Low Lead Content of Light 3.1.7 equilibrium fuel level n—for knock testingtest pro-
Petroleum Distillates by Dithizone Extraction and Colo- cedure in which the fuel-air ratio for maximum knock intensity
rimetric Method* for sample and reference fuels is determined by making

incremental step changes in carburetor fuel level, observing the

equilibrium knock intensity for each step and selecting the

3.1 Definitions: level that produces the highest knock intensity reading.

3.1.1 accepted reference value—a value that servesasan 31 g firing, n—for the CFR engineoperation of the CFR
agreed-upon reference for comparison, and which is derivegngine with fuel and ignition.
as: (1) a theoretical or established value, based on scientific

principles, or ) an assigned or certified value, based M nock testingthat proportion of fuel to air that produces the

gxperimental work of some ”at.i‘?”a' or international Organizahighest knock intensity for each fuel in the knock testing unit
tion, or (3) a consensus or certified value, based on collabora- ~ . '

tive experimental work under the auspices of a scientific oy. -
engineering group. (E 456)
3.1.1.1 Discussior—In the context of this test method
accepted reference value is understood to apply to the Resea
octane number of specific reference materials determine
empirically under reproducibility conditions by the National
Exchange Group or another recognized exchange testing org

3. Terminology

3.1.9 fuel-air ratio for maximum knock intensjtyr—for

3.1.10 guide tablesn—for knock testingthe specific rela-
lI&)]nship between cylinder height (compression ratio) and
gctane number at standard knock intensity for specific primary
reference fuel blends tested at standard or other specified
harometric pressure.

3.1.11 knock n—in a spark-ignition engineabnormal com-

nization.

3.1.2 Check Fuel n—for quality control testing a spark- bustion, often producing audible sound, caused by autoignition
ignition engine fuels of selected characteristics having af the air/fuel mixture. . (D 4175)
octane number accepted reference value (Qu.determined ~ 3.1.12 knock intensityn—for knock testinga measure of
by round-robin testing under reproducibility conditions. the level of knock.

3.1.3 cylinder height, a—for the CFR engingthe relative 3.1.13 knockmeter n—for knock  testing the 0 to 100
vertical position of the engine cylinder with respect to thedivision indicating meter that displays the knock intensity
piston at top dead center (tdc) or the top machined surface sfignal from the detonation meter.
the crankcase. 3.1.14 motoring n—for the CFR engingoperation of the

3.1.3.1dial indicator reading, r—for the CFR enginea  CFR engine without fuel and with the ignition shut off.
numerical indication of cylinder height, in thousandths of an 31,15 octane numbern—for spark-ignition engine fuel
inch, indexed to a basic setting at a prescribed compressioghy one of several numerical indicators of resistance to knock
pressure when the engine is motored. obtained by comparison with reference fuels in standardized

3.1.3.2digital counter reading, a-for the CFR enginga engine or vehicle tests. (D 4175)
numerical indication of cylinder height, indexed to a basic 31 15 1esearch octane number—for spark-ignition en-
setting at a prescribed compression pressure when the engingisie fue| the numerical rating of knock resistance obtained by
motored. _ _ _ comparison of its knock intensity with that of primary refer-

3.1.4 detonation metern—for knock testing the signal  gnce fuel blends when both are tested in a standardized CFR

conditioning instr_umerjtation that accepts the electric_al Sig”aéngine operating under the conditions specified in this test
from the detonation pickup and provides an output signal for,aihod.

display. 3.1.16 oxygenatg n—an oxygen-containing organic com-

3.1.5 detonation pickup n—for knock testing a ;
magnetostrictive-type transducer that threads into the engirP igr?dr;l eW ng OT: élgghttj)sls i:‘; ;Jgresl or fuel Su?gliT;)g)t’ for

cylinder and is exposed to combustion chamber pressure to . . .
4 P P 3.1.17 primary reference fuels,-Afor knock testing, isoc-

provide an electrical signal that is proportional to the rate-of- . . : )
change of cylinder pressure. tane,n-heptane, volumetrically proportioned mixturedsmoc-

3.1.6 dynamic fuel leveln—for knock testingtest proce- tane Wi'Fh n-heptane, or blends of tetraethylleadigwoctane
dure in which the fuel-air ratio for maximum knock intensity that define the octane number scale.
3.1.17.1primary reference fuel blends below 100 octane,
- n—the volume % ofisooctane in a blend witm-heptane that
12 Apnual Book of ASTM Standardéol 14.04. defines the octane number of the blernidpoctane being

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St., assigned as 100 andheptane as 0 octane number.
4th Floor, New York, NY 10036. .
14 Available from the Institute of Petroleum, 61 New Cavendish St., London 3-1-17-2p”mary reference fuel blends above 100 octane,

WIM 8AR, UK. n—the millilitres per U.S. gallon of tetraethyllead igooctane
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that define octane numbers above 100 in accordance with an4.2 Bracketing ProceduresThe engine is calibrated to
empirically determined relationship. operate at standard K.1. in accordance with the guide table. The
3.1.18 repeatability conditionsn—conditions where inde- fuel-air ratio of the sample fuel is adjusted to maximize the
pendent test results are obtained with the same method dfil., and then the cylinder height is adjusted so that standard
identical test items in the same laboratory by the same operaté.|. is achieved. Without changing cylinder height, two PRF
using the same equipment within short intervals of time.blends are selected such that, at their fuel-air ratio for maxi-
(E456) mum K.l., one knocks harder (higher K.l.) and the other softer
3.1.18.1 Discussior—In the context of this test method, a (lower K.l.) than the sample fuel. A second set of K.l
short time interval between two ratings on a sample fuel igneasurements for sample fuel and PRF blends is required, and
understood to be not less than the time to obtain at least orfbe sample fuel octane number is calculated by interpolation in
rating on another sample fuel between them but not so long gyoportion to the differences in average K.I. readings. A final
to permit any significant change in the sample fuel, testondition requires that the cylinder height used shall be within
equipment, or environment. prescribed limits around the guide table value for the calculated
3.1.19 reproducibility conditions n—conditions where test O.N. Bracketing procedure ratings may be determined using
results are obtained with the same method on identical tesither the equilibrium fuel level or dynamic fuel level fuel-air
items in different laboratories with different operators usingratio approach.
different equipment. (E 456) 4.3 C.R. Procedure-A calibration is performed to establish
3.1.20 spread n—in knock measuremerthe sensitivity of ~ standard K.I. using the cylinder height specified by the guide
the detonation meter expressed in knockmeter divisions peable for the O.N. of the selected PRF. The fuel-air ratio of the
octane number. sample fuel is adjusted to maximize the K.I. under equilibrium
3.1.21 standard knock intensityn—for knock testingthat  conditions; the cylinder height is adjusted so that standard K.1.
level of knock established when a primary reference fuel blends achieved. The calibration is reconfirmed and the sample fuel
of specific octane number is used in the knock testing unit atating is repeated to establish the proper conditions a second
maximum knock intensity fuel-air ratio, with the cylinder time. The average cylinder height reading for the sample fuel,
height (dial indicator or digital counter reading) set to thecompensated for barometric pressure, is converted directly to
prescribed guide table value. The detonation meter is adjuste@d.N., using the guide table. A final condition for the rating
to produce a knockmeter reading of 50 for these conditions. requires that the sample fuel O.N. be within prescribed limits
3.1.22 toluene standardization fugls—for knock testing around that of the O.N. of the single PRF blend used to
those volumetrically proportioned blends of two or more of thecalibrate the engine to the guide table standard K.I. condition.
following: reference fuel grade toluenesheptane, anésooc-
tane that have prescribed rating tolerances for QNdeter- 5. Significance and Use

mined by round-robin testing under reproducibility conditions. 5 1 Research O.N. correlates with commercial automotive

3.2 Abbreviations: spark-ignition engine antiknock performance under mild con-

3.2.1 ARV= accepted reference value ditions of operation.

3.2.2 C.R.= compression ratio 5.2 Research O.N. is used by engine manufacturers, petro-

3.2.3 IAT = intake air temperature leum refiners and marketers, and in commerce as a primary

3.2.4 K.I. = knock intensity specification measurement related to the matching of fuels and

3.2.5 O.N.= octane number engines.

3.2.6 PRF= primary reference fuel 5.2.1 Empirical correlations that permit calculation of auto-

3.2.7 TSF=toluene standardization fuel motive antiknock performance are based on the general equa-
tion:

4. Summary of Test Method

4.1 The Research O.N. of a spark-ignition engine fuel is | fl K dk ith vehicl hicl
determined using a standard test engine and operating condi- V2 Iue_s 0 1'd 2 ag 3dvary W'é Ove 'g es ar_1d venhicle
tions to compare its knock characteristic with those of prpPopulations and are ase_ on rog ) _'N' e_termlnatlons.
blends of known O.N. Compression ratio and fuel-air ratio are 9-2-2 Research O.N., in conjunction with Motor O.N.,
adjusted to produce standard K.I. for the sample fuel, a&efines the antiknock index of automotive spark-ignition en-
measured by a specific electronic detonation meter instrume§in€ fuels, in accordance with Specification D 4814. The
system. A standard K.I. guide table relates engine C.R. to o.\gntiknock index of a fuel approximates the Road octane ratings
level for this specific method. The fuel-air ratio for the samplefor many vehicles, is posted on retail dispensing pumps in the
fuel and each of the primary reference fuel blends is adjustelf-S-» and is referred to in vehicle manuals.
to maximize K.I. for each fuel. Antiknock index= 0.5 Research O.Nt 0.5 Motor O.N.+ 0 (2)

41.1 Tht_a fu_el-a|r ratio for maximum K.I_. may be obtained  This is more commonly presented as:

(1) by making incremental step changes in mixture strength,

obserying the equi.li_brium K.l va_llug for each step, and then Antiknock Index= (RZ M) ©)
selecting the condition that maximizes the reading )rhly

picking the maximum K.I. as the mixture strength is changed 5.2.3 Research O.N. is also used either alone or in conjunc-
from either rich-to-lean or lean-to-rich at a constant rate.  tion with other factors to define the Road O.N. capabilities of

Road O.N.= (k; X Research O.N.+ (k, X Motor O.N) + k; (1)
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spark-ignition engine fuels for vehicles operating in areas of 7.2.1 See Annex A3 for details and description of all critical,
the world other than the United States. non-critical, and equivalent instrumentation.

5.3 Research O.N. is used for measuring the antiknock 7.3 Reference and Standardization Fuel Dispensing
performance of spark-ignition engine fuels that contain oxy-EquipmentThis test method requires repeated blending of
genates. reference fuels and TSF materials in volumetric proportions. In

5.4 Research O.N. is important in relation to the specificaaddition, blending of dilute tetraethyllead isooctane may be
tions for spark-ignition engine fuels used in stationary andperformed on-site for making rating determinations above 100
other nonautomotive engine applications. O.N. Blending shall be performed accurately because rating

error is proportional to blending error.

6. Interferences 7.3.1 Volumetric Blending of Reference Fuelsolumetric

6.1 Precautior—Avoid exposure of sample fuels to sunlight plending has historically been employed to prepare the re-
or fluorescent lamp UV emissions to minimize induced chemiquired blends of reference fuels and TSF materials. For
cal reactions that can affect octane number ratifigs. volumetric blending, a set of burets, or accurate volumetric

6.1.1 Exposure of these fuels to UV wavelengths shortegpparatus, shall be used and the desired batch quantity shall be
than 550 nm for a short period of time may significantly affectcollected in an appropriate container and thoroughly mixed
octane num_ber ratings. _ before being introduced to the engine fuel system.

6.2 Certain gases and fumes that can be present in the areaz 3 1 1 Calibrated burets or volumetric apparatus having a
where the knock testing unit is located may haveameasurabt%lpacity of 200 to 500 mL and a maximum volumetric
effect on the Research O.N. test result. tolerance of+0.2 % shall be used for preparation of reference

6.2.1 Halogenated refrigerant used in air conditioning andynq standardization fuel blends. Calibration shall be verified in
refrigeration equipment can promote knock. Halogenated sol;-cordance with Practice E 542.

vents can have the same effect. If vapors from these materials7

enter the combustion chamber of the CFR engine, the Researgglve and delivery tip to accurately control dispensed volume.

O.N. obtame_d for sample fu_els can be d_epremated. The delivery tip shall be of such design that shut-off tip
6.3 Electrical power subject to transient voltage or fre'discharge does not exceed 0.5 mL

uency surges or distortion can alter CFR engine operatin . . .
9 y surg g P g 7.3.1.3 The rate of delivery from the dispensing system

conditions or knock measuring instrumentation performanceh | d 400 80
and thus affect the Research O.N. obtained for sample fuelsShall not exceed 400 mL per 60 s. _
7.3.1.4 The set of burets for the reference and standardiza-

7. Apparatus tion fuels shall be installed in such a manner and be supplied
7.1 Engine Equipmeff—This test method uses a single with fluids such that all components of each batch or blend are

cylinder, CFR engine that consists of standard components 4iSPensed at the same temperature. _

follows: crankcase, a cylinder/clamping sleeve assembly to 7-3.1.5 See Appendix X1 for volumetric reference fuel

provide continuously variable compression ratio adjustablélispensing system information.

with the engine operating, a thermal syphon recirculating 7.3.2 Volumetric Blending of TetraethylleadA calibrated

jacket coolant system, a multiple fuel tank system with selectoburet, pipette assembly, or other liquid dispensing apparatus

valving to deliver fuel through a single jet passage andhaving a capacity of not more than 4.0 mL and a critically

carburetor venturi, an intake air system with controlled tem-controlled volumetric tolerance shall be used for dispensing

perature and humidity equipment, electrical controls, and alilute tetraethyllead into 400-mL batches isboctane. Cali-

suitable exhaust pipe. The engine flywheel is belt connected toration of the dispensing apparatus shall be verified in accor-

a special electric power-absorption motor utilized to both startlance with Practice E 542.

the engine and as a means to absorb power at constant speed.3.3 Gravimetric Blending of Reference FueléJse of

when combustion is occurring (engine firing). See Fig. 1. blending systems that allow preparation of the volumetrically-
7.1.1 See Annex A2 for details and description of all critical, defined blends by gravimetric (mass) measurements based on

non-critical, and equivalent engine equipment. the density of the individual components is also permitted,
7.2 Instrumentatioh®—This test method uses electronic provided the system meets the requirement for maximum 0.2

detonation metering instrumentation to measure the intensity &% blending tolerance limits.

combustion knock as well as conventional thermometry, gages, 7.3.3.1 Calculate the mass equivalents of the

and general purpose meters. volumetrically-defined blend components from the densities of
the individual components at 15.56°C (60°F).

7.4 Auxiliary Apparatus

15 Supporting data have been filed at ASTM International Headquarters and may 7.4.1 Special Maintenance ToelsA number of specialty

be obtained by requesting Research Report RR: D02-1502. . . .
16 The sole source of supply of the Engine equipment and instrumentation knowﬁooIS and measuring Instruments should be utilized for easy,

to the committee at this time is Waukesha Engine, Dresser Inc., 1000 West St. Pa@onvenient, and effective maintenance of the engine and testing
Ave., Waukesha, W1 53188. Waukesha Engine also has CFR engine authorized salgguipment. Lists and descriptions of these tools and instru-

and service organizations in selected geographical areas. If you are aware Pﬁents are available from the manufacturer of the engine
alternative suppliers, please provide this information to ASTM International

Headquarters. Your comments will receive careful consideration at a meeting of thng_pment and those_ organizations offerlng engineering and
responsible technical committégwhich you may attend. service support for this test method.

.3.1.2 Calibrated burets shall be outfitted with a dispensing



