INTERNATIONAL ISO
STANDARD 5165

Fourth edition
2017-12

Petroleum products — Determination
of the ignition quality ofdiesel fuels —
Cetane engine method

Produits pétroliers — Détermination de la qualité d'inflammabilité
des carburants pour moteurs‘diesel — Méthode cétane

Reference number
1SO 5165:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms and AeFIMITIOIIS ... 1
4 PIAIICEPI@ ..ok 3
5 Reagents and reference materials .3
6 APPATATUS ...t e e 4
7 Sampling and sample preparation ... @ e e 8
8 Basic engine and instrument settings and standard operating conditions......... ..., 8
8.1 Installation of engine equipment and instrumentation .../ .8
8.2 ENGING SPEEM.....cooo e s .8
8.3 ValVe MG oo o .9
LS - 1A/ | OSSO St SO 9
8.5 Fuel pump timing ... 9
8.6 Fuel pump inlet pressure .9
8.7 Direction of engine rotation ... Moo 9
8.8 INJECHION TIMINE oo s 9
8.9 Injector nozzle opening pressure .9
8.10 Injection flow rate ..., .9
8.11 Injector coolant passage tEMPEIatUIE e ..o e 9
812 VAIVE ClEATAIICES ..o 5 et et 9
8.13 Oil pressure

10

8.14 Ol tEMPETAtULE ...ooooooeeiceces it Lo essssss s
8.15 Cylinder jacket coolant teMPETAtULE ...
8.16 Intake air temperature .. 5o s

8.17 Basicignition delay.....5.J....

8.18 Cylinder jacket coolantievel
8.19 Engine-crankcaseubricating oil level

8.20 Crankcase intefnal pressure...............

8.21  EXhauSt DAOK-PIeSSULE......ccccocoiiviiieiicicis st

8.22 Exhaust ahd crankcase breather system resonance........... o, 10
8.23  PiSton-OVeI-travel ...,

8.24  BelttemSion ...

8.25 Injector opening or release pressure
8.26 -Jnjector spray pattern
8.27.> Indexing handwheel reading ...

8.27.1  GEIETAL ..o

8.27.2 Basic setting of variable compression plug ...

8.27.3 Setting handwheel micrometer drum and scale...

8.27.4 Setting handwheel r€ading ...
8.28  BaSIC COMPIESSION PIESSULE....ooocccivoiieiiveisieieiesessee s o ise oot
8.29  Fuel pump lubricating oil level...........c.cccccoe.
8.30 Fuel pump timing gear-box oil level...................
8.31 Setting instrumentation reference pickups
8.32  Setting iNJECTOT PICKUP GAP i iee et
ENGine qUalifiCatiON . ...t
9.1 Engine conformity........onn
9.2 Checking performance on check fuels
9.3 Check in the case of nonconformity..................
PIOCEAUIE. ...
TO.T  GOIETAL o885

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

10.2  Sample introduction.....
10.3  Fuel flow rate...................
10.4 Fuel injection timing...
10.5  TGNIHOMN @AY ..o
T10.6  EQUILTDIATION ..otk
10.7 Handwheel reading
10.8 Reference fuel no. 1
10.9 Reference fuel no. 2

10.10 Number of blends of reference fUELS ... 16

T0.1T  REPEAL TEAGINES ..ot 16
11 Calcwlabion ... 17
12 EXPI@SSION Of FESULLS .........ooocccos s ;(\ ....... 18
13 PIECIBION ... (]9 ............... 18

131 | GOMETAL e (bﬁg: ...................... 18

13.2 | Repeatability, r........

13.3 | Reproducibility, R

13.4 | Precision Dasis. ... O .......................................... 19
14  Testr eporté\\ ................................................... 19
BlbllographyQQ ................................................................. 20

L
O
%
s@
©
xO
&

iv © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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tcome of the interlaboratory study organized by CEN/TC 19 in 2013[1l;
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e possibilityito rate a sample with primary reference fuels (hexadecane and heptam
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Petroleum products — Determination of the ignition
quality of diesel fuels — Cetane engine method

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of users of this document to take appropriate measures to
ensure the safety and health of personnel prior to the application of the document.

1
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ThisTocument establishes the rating of diesel fuel oil in terms of an arbitrary scale of cet
using a standard single cylinder, four-stroke cycle, variable compression ratio, indirect injected

engine. The CN provides a measure of the ignition characteristics of diésel fuel oil in
bn engines. The CN is determined at constant speed in a pre-combustion c
Fession ignition test engine. However, the relationship of test engine performance
ble speed and variable load engines is not completely understoad.

This dlocument is applicable for the entire scale range from 0 EN_to 100 CN but typical tes
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of 30 CN to 65 CN. An interlaboratory study executed by CEN in 2013 (10 samples
N to 73,8 CN)[1] confirmed that paraffinic diesel from$ynthesis or hydrotreatment, g
b (V/V) fatty acid methyl ester (FAME) can be tested by this test method and that th
hrable to conventional fuels.

fest can be used for unconventional fuels.such as synthetics, vegetable oils, etc. |
bnship to the performance of such materials in full scale engines is not completely un

es with fluid properties that interfere with the gravity flow of fuel to the fuel pum|
oh the injector nozzle are not suitable for rating by this method.

This document specifies operating conditions in SI units but engine measurements aj

ound units because these agethe historical units used in the manufacture of the equipment,
hces in this document incltide‘these units in parenthesis.

ormative references

bllowing docunients are referred to in the text in such a way that some or all of
tutes reguirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

1 70, Petroleum liquids — Manual sampling

hne numbers

compression
hamber-type
to full scale,

ting is in the
in the range
ontaining up
P precision is

However, the
derstood.
p or delivery

e specified in
hnd thus some

their content
applies. For
ents) applies.

ISO 3171, Petroleum liquids — Automatic pipeline sampling

ISO 3696, Water for analytical laboratory use — Specification and test methods

ISO 4787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity and for use

ASTM D613-15ael, Standard Test Method for Cetane Number of Diesel Fuel Oil

ASTM E832-81, Standard Specification for Laboratory Filter Papers

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

cetane number

CN

measure of the ignition performance of a diesel fuel oil obtained by comparing it to reference fuels in a
standardized engine test

Note 1 to ent
when the stan
compression r

3.2

compressio
ratio of the v
at bottom-de

3.3

ignition del
period of tin
crank angle 1

3.4
injection tin

y: Ignition performance 1s understood to mean the ignition delay (3.3) of the fuel as deter
dard test engine is operated under controlled conditions of fuel flow rate, injection timing. (3.}
itio (3.2).

N ratio

ad-centre (b.d.c.) to the comparable volume with the piston at topsdead-centre (t.d.c

Ly
e between the start of fuel injection and the start of combustion expressed in degr
otation

ning

injection advance

time in the c
in degrees of

3.5
handwheel
arbitrary nu
indicates the

3.6
cetane mete
ignition del
electronic in|
pulses of mu

Note 1 to enty
the year of in
(1990) and th

pbmbustion cycle at which fuel injection inta:the combustion chamber is initiated expr
crank angle

reading
merical value, related to compression ratio (3.2), obtained from a micrometer scal
position of the variable compression plug in the pre-combustion chamber of the eng

r
y meter

strument which. displays injection timing (3.4) and ignition delay (3.3) derived from
tiple transdugcers (pickups)

y: Three‘generations of apparatus have been approved for use as cetane meters. These are
roduction in parenthesis) the Mark II Ignition Delay Meter (1974), the Dual Digital Cetane
e XGP Cetane Panel (2014).

mined
1) and

olume of the combustion chamber including the pre-combustion chamber with the piston

)

pes of

essed

b that
ne

input

(with
Meter

3.7
injector noz

zle opening pressure

fuel pressure that overcomes the resistance of the spring which normally holds the injector nozzle

pintle closed,

3.8

and thus forces the pintle to lift and release an injection spray from the nozzle

reference pickup
transducers or optical sensors mounted over the flywheel of the engine, triggered by a flywheel
pointer, used to establish a top-dead-centre (t.d.c.) reference and a time base for calibration of the
cetane meter (3.6)

3.9

injector pickup
transducer to detect motion of the injector pintle, thereby indicating the beginning of injection
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3.10
combustion pickup
pressure transducer exposed to cylinder pressure to indicate the start of combustion

3.11

primary reference fuel

PRF

hexadecane (n-cetane), heptamethylnonane (HMN) and volumetrically proportioned mixture of these
materials

Note 1 to entry: These PRFs now define the cetane number (CN) scale by the relationship given in the following
formula:

CN =% cetane+0,15(% HMN)

Note 7 to entry: Alphamethylnaphthalene (1-methylnaphthalene), in its pure form, was ¢riginally d¢fined as 0 and
n-cetdne (hexadecane) as 100 for the CN scale. With blends of the two chemicals being used for the intervening
valueq, alphamethylnapthalene was subsequently replaced in 1962 by heptamethylnonane as the|low reference
materjal, with an assigned value of 15, as it was more readily available and gxperience had shoyn that it had
betterf storage stability.

3.12
seconpdary reference fuel
SRF
volunpetrically proportioned blend of two selected, numbered and paired hydrocarbpn mixtures
desighated “T fuel” (high CN) and “U fuel” (low CN) where each numbered paired set off “T fuel” and
“U fupl” is rated by the ASTM Diesel National Exchange Group (NEG) in various compinations by
compprison to primary reference fuel (3.11) blends

3.13
check fuel
diesel fuel oil having a cetane number (34)value determined by an interlaboratory compgarison which
provifes a guide for an individual labpratory to check the cetane rating performance [of a specific
enginle unit

4 Principle

The (N of a diesel fuel Qilis determined by comparing its combustion characteristics in p test engine
with [those for blends”of reference fuels of known CN under standard operating confditions. This
is ac¢omplished using the bracketing handwheel procedure, which varies the compfession ratio
(handwheel reading) for the sample and each of two bracketing reference fuels to obtgin a specific
ignitipn delaypermitting the interpolation of CN in terms of handwheel reading.

5 Reéagents and reference materials

5.1 Cylinder jacket coolant, water conforming to grade 3 of ISO 3696.

Water shall be used in the cylinder jacket for laboratory locations where the resultant boiling
temperature is 100 °C £ 2 °C (212 °F * 3 °F). Water with commercial glycol-based antifreeze added in
a sufficient quantity to meet the boiling temperature requirement shall be used when the laboratory
altitude dictates. A commercial multi-functional water-treatment material should be used in the coolant
to minimize corrosion and mineral scale that can alter heat transfer and rating results.

5.2 Engine crankcase lubricating oil, an SAE 30 viscosity grade oill2] meeting current American
Petroleum Institute (API) service classification or compatible previous API service classification for
engines shall be used. It shall contain a detergent additive and have a kinematic viscosity of 9,3 mm2/s

© IS0 2017 - All rights reserved 3
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to 12,5 mm2/s at 100 °C (212 °F) and a viscosity index of not less than 85. Oils containing viscosity index
improvers shall not be used. Multi-graded lubricating oils shall not be used.

The suggested oil change interval is 50 engine-running hours.

5.3 Cetane primary reference fuel (PRF), hexadecane with a minimum purity of 99,0 %, as
determined by chromatographic analysis, shall be used as the designated 100 CN component.

5.4 Heptamethylnonane PRF, 2,2,4,4,6,8,8-heptamethylnonane with a minimum purity of 98 %, as
determined by chromatographic analysis, shall be used as the designated 15 CN component.

WARNING —+ PRFs are combustible and vapour harmful.

IMPORTANT — Store and use PRFs at temperatures of 20 °C or higher to avoid solidification of
hexadecane} which has a melting point of 18 °C.

5.5 Secondary reference fuels (SRFs), volumetric blends of two diesel fuels having widely different
CNs that have been round-robin engine calibrated by a recognized exchange testirg group.

Storage and pise of “T fuel” and “U fuel” should be at temperatures above 0 °C\(32 °F) to avoid potential
solidification], particularly of “T fuel”. Before a container that has been¢stored at low temperatpre is
placed in serfvice, it should be warmed to a temperature of at least 14 °€ (26 °F) above its cloud pdint as
determined |n accordance with ISO 3015. It should be held at this temiperature for a period of at least
30 min and then the container should be thoroughly remixed.

SRF blends are rated in numbered pairs and are not interclfangeable with SRF blends from [other
batches.

WARNING — SRFs are combustible and the vapours‘harmful.

NOTE Blgnds of “T fuel” and “U fuel” that have been engine calibrated by the ASTM Diesel National Exdhange
Group can be)and typically are, used for routine testing. The calibration data are incorporated in blend |tables
that list the ClNs assigned for various volume per¢entage blends of “T fuel” and “U fuel”. “T fuel” is typically|in the
range of 73 CN to 75 CN and “U fuel” is typically in the range of 20 CN to 22 CN.

5.6 Checkl|fuels, diesel fuel oils typical of the middle distillate type having a CN value determined by
an interlaborjatory comparison.

WARNING — Check fuels are eombustible and the vapours harmful.

NOTE Lo cetane check-fuel will typically be in the range of 38 CN to 42 CN. High cetane check fugl will
typically be ir] the range.0f’50 CN to 55 CN.

6 Appargtus

6.1 Testengine assembly.

As shown in Figure 1. It comprises a single cylinder engine consisting of a standard crankcase with
fuel pump assembly, a cylinder with separate head assembly of the pre-combustion type (see Figure 2),
thermal-siphon recirculating jacket coolant system, multiple fuel tank system with selector valving,
injector assembly with specific injector nozzle, electrical controls and a suitable exhaust pipe. Figure 3
shows the software screen interface of the XCP digital panel. The engine shall be belt connected to
a special electric power-absorption motor, which acts as a motor driver to start the engine and as a
means to absorb power at constant speed when combustion is occurring (engine firing).

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

6.2 Instrumentation.

An electronic instrument to measure injection and ignition delay timing as well as conventional
thermometry, gauges and general purpose meters.

NOTE Engine equipment and instrumentation are available from the single source manufacturer, CFR
Engines Inc.), N8 W22577 Johnson Drive, Pewaukee WI 53186, USA. CFR Engines Inc. also has authorized sales
and service organizations in selected geographic areas.

Key

A fyel tanks L  injector assembly

B ajr heater.housing M fuel injection pump

C alrintakeisilencer N fuel selector valve

D fyelflow-rate burette O oil filter

E  combustion pickup P~ crankcase oil neater control
F  safety guard Q air heater switch

G variable compression plug (VCP) handwheel R  engine start-stop panel

H  VCP locking handwheel S instrument panel

[ flywheel pickups T intake air temperature controller
]  oilfilter cap U  Dual Digital Cetane Meter

K injection pump safety shutoff solenoid

Figure 1 — Cetane method test engine assembly

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2017 - All rights reserved 5


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

1 RS v} %4 7777 —
1 0 / | 8
9" —~
Key
1  VCP lockihg wheel 6  precombustion chamber
2 VCP handwheel 7  cylinder head
3 VCP micr¢meter 8 injector nozzle assembly
4 VCP 9  cylinder
5 combustipn pickup hole 10 turbulénce passage
Figure 2 — CFR engine cylinder head-and handwheel assembly
6 © IS0 2017 - All rights reserved
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Injection Advance
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. olls e 8 l

Ignition Delay

Key QQ

1  c¢tane rating toolbar 15 han g:el position

2 fyel names 16 oilpressure

3 operators 1 jector passage temperature

4  procedure $9 coolant temperature

5 1dqwCN A’\Q 19 oil temperature

6 h|ghCN \O 20 intake air temperature

7  bpgin rating . c\)& 21 crankcase vacuum

8 clear data C)\\ 22 injection timing standard deviation
9  njeter o 23 injector pickup in range

10 graph O® 24 ignition delay standard deviation
11 injection timing C) 25 start/stop engine

12 ignition delay O ’ 26 return to menu

13 s¢nsor setup 6\ 27 for future use

14 m

essages Q
&

§ Figure 3 — XCP digital panel: software screen interface
6.3 -R%e:enee-ﬁ*els-d-}spensmg-eq-m-pment.—

Calibrated burettes or volumetric ware having a capacity of 400 ml or 500 ml and a maximum
volumetric tolerance of *+ 0,2 %. Calibration shall be verified in accordance with ISO 4787. Burettes
shall be outfitted with a delivery valve and delivery tip to accurately control dispensed volumes. The
delivery tip shall be of such size and design that shut-off tip discharge does not exceed 0,5 ml. The rate
of delivery from the dispensing system shall not exceed 500 ml/min.

NOTE ASTM D613-15ael, Appendix X1 (Volumetric Reference Fuel Blending Apparatus and Procedures)
provides additional information for application of this document.

The use of blending systems for the preparation of the volumetrically defined blends by gravimetric
(mass) measurements, based on the density at 15 °C (60 °F) of the individual components, is allowed
provided the blending system meets the requirement of +0,2 % blending tolerance limits.

© IS0 2017 - All rights reserved 7


https://standardsiso.com/api/?name=bae4ce550f3936511e34d0ce8d6ad8ed

ISO 5165:2017(E)

6.4 Injector nozzle tester.

The injector nozzle assembly shall be checked whenever the injector nozzle is removed and reassembled
to ensure that the initial pressure at which fuel is discharged from the nozzle is properly set.

IMPORTANT — Itis also important to inspect the type of spray pattern which occurs. Commercial
injector nozzle testers which include a lever-operated pressure cylinder, fuel reservoir and
pressure gauge are available from several sources as common diesel engine maintenance
equipment.

6.5 Special maintenance tools.

A number of gpeciality tools and measuring instruments are available for easy, convenient and €ffective
maintenance of the engine and testing equipment.

NOTE Ligts and descriptions of these tools and instruments are available from the manufacturers|of the
engine equipment and those organizations offering engineering and service support for this document.

7 Sampling and sample preparation
Samples shall be collected in accordance with ISO 3170, ISO 3171 or an equivalent national standqrd.

To minimize|exposure to UV emissions, collect and store samples in/opaque containers such ag dark
brown glass pottles, metal cans or minimally-reactive plastic contdiners.

Samples shall be brought to room temperature, typically 182¢C to 32 °C, before engine testing. If
necessary, sagmples shall be filtered through a Type 1, Class*A filter paper, conforming to ASTM E832-
81, at room temperature and pressure before engine testing.

Inspect the |sample for wax precipitation: if precipitates are present, bring the test samplg to a
temperature|of at least 14 °C above the expected cloud point of the material being tested, taking care
not to lose any lower boiling range components, The fuel sample should be homogeneous before gngine
testing or filtration.

8 Basic engine and instrument'settings and standard operating conditions

8.1 Instaljation of engine équipment and instrumentation

Locate the c¢tane test engine in an area where it will not be affected by certain gases and fumefs that
can have a measurable efféct on the CN test result.

Installation of the engirie and instrumentation requires placement of the engine on a suitable foundation
and hook-up| of all utilities. Engineering and technical support for this function is required, arld the
user shall be respon51ble for conformlty w1th all appllcable Codes and 1nstallat10n requlrements Proper
operation of'the ; arent of
a series of engine Varlables to prescrlbed spec1f1cat10ns Some of these settings are established by
component specifications, others are established at the time of engine assembly or after overhaul
and still others are engine-running conditions that shall be observed and/or determined by operator
adjustment during the testing process.

8.2 Engine speed

The engine speed shall be 900 r/min * 9 r/min when the engine is operating with combustion with a
maximum variation of 9 r/min occurring during a rating. Engine speed when combustion is occurring
shall not be more than 3 r/min greater than for motoring without combustion.

8 © IS0 2017 - All rights reserved
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Valve timing

The engine shall use a four-stroke cycle with two crankshaft revolutions for each complete combustion
cycle. The two critical valve events are those that occur near top-dead-centre (t.d.c.): intake valve
opening and exhaust valve closing. Intake valve opening shall occur 10,0° + 2,5° after-top-dead-centre
(a.t.d.c.) with closing at 34° after-bottom-dead-centre (a.b.d.c.) on one revolution of the crankshaft and
flywheel. Exhaust valve opening shall occur 40° before-bottom-dead-centre (b.b.d.c.) on the second
revolution of the crankshaft or flywheel with closing at 15,0° + 2,5° a.t.d.c. on the next revolution of the
crankshaft or flywheel.

8.4

Valve lift

Intak

b- and exhaust-cam lobe contours, while different in shape, shall have a contour rise

of 6,223 mm

to 6,350 mm (0,245 in to 0,250 in) from the base circle to the top of the lobe so thatthe resulting valve

lift sh

8.5

Closu
the er
and t}

8.6
A miy
meas
inject]
8.7

Clock

8.8
This {

8.9
This 5

8.10

This 5

all be 6,045 mm * 0,05 mm (0,238 in + 0,002 in).
Fuel pump timing
re of the pump plunger inlet port shall occur at a flywheel crank angle between 300

e variable timing device lever is at full advance (nearest to ¢perator).

Fuel pump inlet pressure
imum fuel head is established by assembly of theZfuel tanks (storage reservoirs) a

iring burette so that the discharge from them i$%635 mm * 25 mm above the centreli
ion pump inlet.

Direction of engine rotation

wise rotation of the crankshaft shalloccur when observed from the front of the engi
Injection timing

hall occur 13,0° b.t.d.c.for the sample and reference fuels.

Injector nozzle opening pressure

hall be 10,34Pa + 0,34 MPa (1 500 psi = 50 psi).

Injection flow rate

hall'be (13,0 + 0,2) ml/min [(60 + 1)s/13,0 ml].

and 306° on

lgine compression stroke when the fuel flow-rate-micrometer is-set to a typical operdting position

nd flow-rate-
ne of the fuel

8.11

Injector coolant passage temperature

This shall be 38 °C + 3 °C (100 °F £ 5 °F).

8.12

Valve clearances

Engine running and hot clearance for both intake and exhaust valves shall be set to 0,20 mm * 0,025 mm
(0,008 in * 0,001 in) measured under standard operating conditions with the engine running at

equili

brium conditions on a typical diesel fuel oil.
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8.13 Oil pressure

This shall be

NOTE

172 kPa to 207 kPa (25 psi to 30 psi).

The CFR engine unit is normally equipped with a pressure gauge in psi.

8.14 0Oil temperature

This shall be

NOTE

57°C+8°C (135 °F 15 °F).

The CFR engine unit is normally equipped with a temperature gauge in degrees Fahrenheit.

8.15 Cyling
This shall be

8.16 Intakd
This shall be

8.17 Basic
This shall be

8.18 Cyling

Treated cool
of the conde
controlling e

8.19 Engin

The controlling engine-running and hot operating level of the oil in the crankcase shall be approxin

mid-position|

NOTE 01l
to being oper{

8.20 CranKcase internal pressure

As measured
a snubber or
from 25 mm

ler jacket coolant temperature

100°C+2°C (212 °F + 3 °F).

P air temperature

66 °C £ 0,5°C (150 °F = 1 °F).

ignition delay

13,0° for the sample and the reference fuels.

ler jacket coolant level

hnt added to the cooling condenser/cylinder jacket to a level just observable in the b
hser sight-glass, with the engine cold priortdo being operated, will typically provic
hgine, running and hot operating level.

e-crankcase lubricating oil leveél

in the crankcase sight-glass:
ted, will typically previde this condition.
by a gaugefor manometer connected to an opening to the inside of the crankcase th

ifice togninimize pulsations, the pressure shall be less than zero (a vacuum) and tyg
to 150 mm (1 in to 6 in) of water less than atmospheric pressure. Vacuum shall not ¢

bttom
le the

nately

added to the crankcase-sothat the level is near the top of the sight-glass, with the engine cold prior

rough
ically
xceed

254 mm (10

n)-ef water.

8.21 Exhaust back-pressure

As measured by a gauge or manometer connected to an opening in the exhaust surge tank or main
exhaust stack through a snubber orifice to minimize pulsations, the static pressure should be as low
as possible, but shall not create a vacuum nor exceed 254 mm (10 in) of water differential in excess of

atmospheric

pressure.

8.22 Exhaust and crankcase breather system resonance

The exhaust and crankcase breather piping systems shall have internal volumes and be of such length
that gas resonance does not result.

10
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8.23 Piston over-travel

Assembly of the cylinder to the crankcase shall result in the piston protruding above the top of
the cylinder surface 0,381 mm # 0,025 mm (0,015 in * 0,001 in) when the piston is at t.d.c. Proper
positioning is accomplished through the use of plastic or paper gaskets, available in several thicknesses,
and selected by trial and error for assembly between the cylinder and crankcase deck.

8.24 Belt tension

The belts connecting the flywheel to the absorption motor shall be tightened, after the initial break-
in so that, with the engine stopped, a 2,25 kg weight suspended from one belt halfway between the
flywHeeland motor pulley depresses the Delt by approximately 12,5 mim.

8.25|Injector opening or release pressure

The pressure adjusting screw is adjustable and shall be set to release ‘fuel at a|pressure of
10,3 MPa + 0,34 MPa. This setting shall be checked each time the nozzlevis reassembled and after
cleaning.

The yse of a commercial injector nozzle bench tester is recommendéd." ASTM D613-15a€[l, Annex A2,
provifles details which should apply for this document.

CAUTION — Personnel shall avoid contact with the spray‘{pattern from injector nozzles because
of the¢ high pressure which can penetrate the skin. Spray pattern performance cheicks shall be
madg in a hood or where adequate ventilation ensures‘that inhalation of the vapours is avoided

8.26|Injector spray pattern

The injector nozzle spray pattern shall be checked for symmetry and characteristics by Inspection of
the impression of a single injection made ona-piece of filter paper or other slightly absorlyent material
placed at a distance of approximately 76 mim (3 in) from the nozzle.

8.27[Indexing handwheel reading

8.27.1 General

Handjvheel readings aré-a-simple and convenient indication of engine compression ratjo which is a
criticpl variable in theCeetane method of test.

NOTE The actualcompression ratio is not important but an indication of compression ratio which relates to
CN is & useful guidé for selecting reference fuels to bracket the sample of diesel fuel oil. Indexing the handwheel
when the engine'is new, or any time the matched handwheel assembly/cylinder head combination i interchanged
or mefhani€ally reassembled, involves setting the variable compression plug, setting the micromgter drum and
scale and setting the handwheel reading.

8.27.2 Basic setting of variable compression plug

Position the variable compression plug so that the flat surface is just visible and exactly in line with the
edge of the threads of the combustion pickup hole, as verified with a straightedge.

8.27.3 Setting handwheel micrometer drum and scale

With the variable compression plug at the basic setting, set the handwheel drum and scale so that the
handwheel reads 1,000 regardless of the bore diameter of the cylinder in use.
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8.27.4 Setting handwheel reading

Tighten the small locking handwheel snugly by hand to ensure that the variable compression plug is held
in place in the bore. Loosen the lock nut of the large handwheel and remove the locking “L” shaped key.

Turn the large handwheel so that the edge of the drum is in alignment with the 1,000 or other selected
graduation on the horizontal scale.

Reinstall the L-shaped key in the nearest keyway slot of the large handwheel with the shorter leg in the
handwheel. Any slight shifting of the handwheel to achieve slot line-up will not affect the indexing.

Tighten the lock nut hand-tight to hold the key in place.

Remove the Jocating screw from the drum and rotate the drum so that the zero graduation mar
line with the|selected reading.

Locate the gcrew hole in the drum which lines up with the handwheel hub hole and’reinsta

locating scr

Wrench tighten the large handwheel lock nut and recheck that the variable compression plug is prq
positioned and the handwheel reading is in accordance with the selected value:

8.28 Basic compression pressure

At a handwleel reading of 1,000, the compression pressure forsan engine operated at a sta

barometric p
possible afte
is not withi

maintenancd.

For engines
typically be i
pressure. As
to have a con

CPL =32
where
CPy, is th

P1, isth
NOTE Th

ressure of 101,3 kPa shall be 3 275 kPa + 138 kPa (475psi + 20 psi) when read as quic
- shutdown of the engine which has been at standard operating conditions. If the con
h limits, recheck the basic handwheel setting-and, if necessary, perform mech

operated at other than standard baremetric pressure, the compression pressur
n proportion to the ratio of the local barometric pressure divided by standard baror]
hn example, an engine located wheréthe barometric pressure is 94,6 kPa would be exp
\pression pressure of approximately 3 060 kPa + 138 kPa according to Formula (1):

75 x PL/PStd

le compression-pressure at the local barometer, in kilopascals;
le baromettiepressure at the engine location, in kilopascals;

le standard barometric pressure, in kilopascals.

K is in

11 the

perly

ndard
kly as
dition
hnical

b will
netric
ected

M

e Fafio P1/Pstq is independent of measuring units, provided both elements are in the same uqits.

ASTM D613-15ael, Annex A2 (Apparatus Assembly and Setting Instructions) provides instructions for
checking compression pressure which shall apply for this document.

Compression pressure testing using a compression pressure gauge shall be completed in as short a
period of time as possible, to avoid the possibility of combustion occurrence due to the presence of any
small amount of oil in the gauge or combustion chamber.

8.29 Fuel pump lubricating oil level

With the engine stopped, sufficient engine-crankcase lubricating oil shall be added to the pump sump
so that the level is at the mark on the dip stick.

12
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As a result of engine operation, especially when the pump barrel/plunger assembly begins to wear,
the level in the sump will increase due to fuel dilution as observed through a clear plastic side-plate
on the pump housing. When the level rises appreciably, the sump should be drained and a fresh charge
of oil added.

The recommended oil change interval is 50 engine-running hours.

8.30 Fuel pump timing gear-box oil level

With the engine stopped, unplug the openings on the top and at the mid-height of either side of the gear
box. Add sufficient engine-crankcase lubricating oil through the top hole to cause the level to rise to the
heighfoftheside opemmg—TReptace bottropemimgs:

NOTE The pump and timing gear box oil sumps are not connected to each other and the\ubrfcation for the
two is|independent.

8.31|Setting instrumentation reference pickups

Positijoning of the reference pickups is important to ensure that timing of the'injection and ignition delay
functjons is uniform and correct. The two reference pickups, which are‘identical and intgrchangeable,
are installed in a bracket positioned over the flywheel so that they €lear the flywheel indicator which
trigggrs them. Position each pickup in the bracket so that it is\properly referenced to [the flywheel
indicator in accordance with the instructions supplied with the’specific pickup. Measuremgent of pickup
to flywheel indicator clearance, if required, shall be made using a non-magnetic feeler gauge.

8.32(Setting injector pickup gap
Set thie air gap to typically 1 mm (0,040 in) with-the engine stopped.
Indiv]dual pickups can require more or less air)gap to obtain steady meter operation when|the engine is

ultimptely running. However, too little gaplean cause the ignition delay angle display to dr{ve off scale.

9 HEngine qualification

9.1 [Engine conformity

The ¢ngine shall be cemmissioned in a manner that all settings and operating condftions are at
equilt)rium and in_eobformity with basic engine and instrument settings and standapd operating
condifions.

NOTE Engine warm-up requires typically 1 h to ensure that all critical variables are stable.

9.2 |Checking performance on check fuels

This engine test does not have any satisfactory standardization fuel blend or blends to qualify the
engine. Test one or more of the check fuels as a guide to engine performance.

Engine performance may be judged to be satisfactory if the CN rating obtained on a check fuel is within
the tolerance range shown in Formula (2):

Tolerance limits = CNcf £ 1,5 x scf (2)

where
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CNcr is the average CN of the check fuel calibration data;

1,5

SCF

NOTE

is a selected tolerance limit factor (K) for normal distributions;

is the standard deviation of the check fuel calibration data.

This statistical tolerance limit factor (K), based on a sample size (n), permits an estimation of the

percentage of engines that would be able to rate the check fuel within the calculated tolerance limits. Based on a
calibration data set of 17 to 20 ratings, and a value of K= 1,5, it is estimated that, in the long run, in 19 cases out of

20, atleast 70

9.3 Checl

% of the engines would rate the check fuel within the calculated tolerance limits.

intho caco aof o cn oty
111 CiIIC I IIVUIICVUIIIVUI lllll'.y

If the results
maintenancdg

The injector

10 Proced

10.1 Gener

Check that a
on a typical

NOTE AS
additional use
application of

Always posit

proceeding
Calibration 4d

10.2 Samp

Pour the sanmple into an empty fuel tahk, rinse the fuel burette, purge any air from the fuel line

pump and pd

10.3 Fuel f]

CUAOILC U

are outside this tolerance range, check all operating conditions, followed by mech
which can require critical parts replacement.

hozzle can be a very critical factor and this should be the first item checked-or replac

ure

al

| engine operating conditions are in conformity and equilibrated with the engine ru
liesel fuel oil.

M D613-15ael, Appendix X2 (Operating Techniques — Adjustment of Variables) pr
ful details of engine operation and the adjustment.ef each of the individual operating variab
this document.

ion the mode selector switch on thesMark II Ignition Delay Meter to “calibrate” |
with fuel switching, so that violent- meter-needle full-scale pegging does not
djustment should be checked beforeeach rating but never changed during a rating.

e introduction

sition the fuel-selector*valve to operate the engine on this fuel.

ow rate

hnical

ed.

nning

bvides
les for

efore
DCCUT.

to the

Check the fuel flow raté€ and adjust the flow-rate-micrometer of the fuel pump to obtain 13 mjl/min

consumptior]
flow-rate-mi

. The final flow-rate measurement shall be made over a full 60 s + 1 s period. No
crometer reading for reference.

re the

10.4 Fuel injection timing

After establishing the fuel flow-rate, adjust the injection-timing-micrometer of the fuel pump assembly
to obtain a 13,0° * 0,2° injection timing reading. Note the injection-timing-micrometer reading for

reference.

10.5 Ignition delay

Adjust the handwheel to change the compression ratio and obtain a 13,0° + 0,2° ignition delay reading.
Make the final handwheel adjustment in the clockwise direction (viewed from the front of the engine)
to eliminate backlash in the handwheel mechanism and a potential error.

14
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Equilibration

Achieve stable injection timing and ignition delay readings.

NOTE

Stable readings typically occur within 5 min to 10 min.

The time used for the sample and each of the reference fuels should be consistent and shall not be less
than 3 min.

10.7

Handwheel reading

combustion

Observe_and record the handwheel reading as the representative indication of the

chara

10.8
Select

If PRI
close

If SRI
T fuel

If SRI
T fuel
accor

Prepa
no. 1
the s4

Perfo
handjy

NOTE
depen|
table

cteristic for this fuel sample.

Reference fuel no. 1
a reference fuel blend close to the CN of the sample.

s are being used for the rating, select a blend of hexadecane and heptamethylnonang
to the estimated CN of the sample.

fs are being used for the rating and the CN of the sample is’expected to be less th|
select a SRF (“T fuel” and “U fuel”) blend close to the CN-of the sample.

s are being used for the rating and the CN of the samnple is expected to be greate
select a blend of T fuel and hexadecane from Table.1'and calculate the CN of the selg

Hance with Formula (4).

re a fresh batch of the selected reference.fuel blend of at least 400 ml. Introduce r
Fo one of the unused fuel tanks, taking careito flush the fuel lines in the same mannel
mple.

'm the same adjustment and measurement steps used for the sample and record
wheel reading.

The handwheel reading.versus CN relationship based on this procedure is engine-

dent but it can be establishedfor each engine as testing experience is gained after each over
fhandwheel readings provides a simple guide to selection of the reference fuel.

Table 1 — Reference fuel blends for samples with CN > T fuel

having a CN

an the CN of

r than CN of
cted blend in

eference fuel
" as noted for

the resulting

hnd overhaul-
haul. A plot or

T fuel Hexadecane
Blend
% (V/V) % (V/V)

1 100 0

2 75 25

3 50 50

4 25 75

5 0 100

10.9 Reference fuel no. 2

Select another reference fuel blend which can be expected to result in a handwheel reading that causes
the two reference-fuel handwheel readings to bracket that for the sample.

If PRFs are being used for the rating, select another blend of hexadecane and heptamethylnonane. The
difference in hexadecane content between the two PRF blends shall not exceed 7 % (V//V). PRFs blends
differing by 7 % (V/V) of hexadecane have defined CNs that differ by 5,95.

© IS0 2017 - All rights reserved
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If SRFs are being used for the rating and the CN of the sample is expected to be less than the CN of
T fuel, select another SRF (“T fuel” and “U fuel”) blend.

The difference between the two reference-fuel blends shall not exceed 5,6 CN. Typically, blends differing
by 5 % (V/V) “T fuel” will span approximately 2,7 CN and those differing by 10 % (V/V) “T fuel” will
span approximately 5,3 CN.

If SRFs are being used for the rating and the CN of the sample is expected to be greater than the CN of
T fuel, select a blend of T fuel and hexadecane from Table 1 that is adjacent to the T fuel/ hexadecane
blend tested above.

Prepare a fresh batch of the selected reference fuel blend of at least 400 ml. Introduce reference fuel

no. 2 to the
sample. Perfj
no. 1 and rec

Typically, th
similar in co

10.10 Num

If the handw
the CN, in ac
bracketing r
until this reg

10.11 Repc

After operat
reference fug
all paramete

brm the same adjustment and measurement steps used for the sample and referenc
ord the resulting handwheel reading.

p fuel-flow-rate should be the same for both reference fuels because they@re suffic
mposition.

ber of blends of reference fuels

heel reading for the sample is bracketed by those of the réference fuel blends, cal
cordance with Formula (3), from the handwheel readings, of the sample and each
bference fuels and continue the test. Otherwise try an_additional reference fuel blg
uirement is satisfied.

pat readings

on on a satisfactory second reference fuelblend, perform the necessary steps to
1 no. 1, then the sample, and finally reference fuel no. 2. For each fuel, be certain to
rs carefully and allow operation te jreach equilibrium before recording the hand

third fuel tank, taking care to flush the fuel lines in the same manner as notedif¢r the

e fuel

iently

rulate
bf the
bnd(s)

rerun
check
wheel

readings. The fuel switching shall be as shown.in-Figure 4, sequence A.

Sample and reference fuel reading sequence A

Handwheel readings

Referpnce fuel no. 1 2 4
Sample 1 5
Referpnce fuel no. 2 3 6
Sample and reference fuel reading sequence B
Handwheel readings
Referenceé fuel no 1 3 g
Sample 2 6

Reference fuel no. 2 1 4

Figure 4 — Sample and reference fuel reading sequence

Calculate the CN, in accordance with Formula (3), from the second set of handwheel readings from
the sample and each of the bracketing reference fuels. The CN calculated from the average of the two
handwheel readings for the sample fuel and the average of the two handwheel readings for each of the
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