INTERNATIONAL ISO
STANDARD 3104

Third edition
2020-09

Petroleum products — Transparent

and opaque liquids — Determination
of Kinematic viscosityyand calcylation
of dynamic viscosity

Produits pétroliers — Liquides’opaques et transparents +
Détermination de la viscasité cinématique et calcul de lalviscosité
dynamique

Reference number
1SO 3104:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=0b07ff202120f259265ebbfd4387ca56

ISO 3104:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, 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

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=0b07ff202120f259265ebbfd4387ca56

ISO 3104:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Principle
5 Reagents and MaterialS ...t e 2
6 Apparatus design and reqUIremMEeNtS. ... b e, 3
7 VerifiCatION ... (T b e

7.1 ViSCOMELeT ..o

7.2 Liquid-in-glass thermometer...

7.3 Digital contact thermometer....

7.4 040 L) (OO OSSOSO SR eSS
8 RE-CALIDTALION......oooo s oo 7
9 QUALILY CONEIOL ... e Wi s 7
10 SAMPLE PrePATATIONL.........oooooooeer s N s s 7

10.1 Pre-analysis sample CONAItIONING ... Moo e 7

10.2  Visual inspection and filtering...........din s e 8
11 Procedure A — Manual eqUipPmMeEnt ... 550 e 8

12 Procedure B — Automated equipment

13 Cleaning of the Viscometer tUDe . .7 ...
14 CALCUIATIOM .......ooo e T st s 11
14.1 Procedure A — Manual VISCOMELETS ... e 11
14.2  Procedure B — Aut0mated VISCOMELET'S. ... | 12
15 EXPIresSiON Of TeSULTS T o/ e 13
16 Precision Of PrOCEAUITE A ... e e 13
16.1 Determinability, d ...
16.2 Repeatability, r .........
16.3 Reproducibility, R ...
17 Precision Of PrOCEAUTE Bh............iiiiiisisstieess st 15
17.1 < Determinability, @ ... | 15
172" Repeatability, r
7.3 RePrOAUCIDILILY, R ..o | 15
18 TESET@POTE ...t 15
Annex A (normative) Viscometer types, calibration and verification ... 17
Annex B (normative) Thermometers for Kinematic viscosity test. ... 18
Annex C (normative) Conditioning of samples prior to manual or automated analysis.................. 22
Annex D (normative) Calculation of acceptable tolerance zone (band) to determine
conformance with a certified reference material ..., 23
BIDIIOGIAPIIY ..ot 24

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=0b07ff202120f259265ebbfd4387ca56

ISO 3104:2020(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.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

irawn to the possibility that some of the elements of this document may.be the subject of
4. ISO shall not be held responsible for identifying any or all such patend rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions [related to conformity assessment, as well as information about ISO's adherence fo the
World Trade|Organization (WTO) principles in the Technical Bafriers to Trade (TBT), see www.is¢.org/
iso/foreword.html.

This documegnt was prepared by Technical CommitteelSO/TC 28, Petroleum and related products fuels
and lubricants from natural or synthetic sources.

This third edition cancels and replaces the second edition (ISO 3104:1994), which has been techilically
revised.

The main chgnges compared to the previous edition are as follows:

— precision data have been updated+to all actual fuels on the market;

— biodiese| (FAME) blends and_paraffinic diesel have been included in the scope;

— the procpdure descripfioh and allowance of automated techniques have been included.

Any feedback or questigns on this document should be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Many petroleum products, and some non-petroleum materials, are used as lubricants, and the correct
operation of equipment depends upon the appropriate viscosity of the liquid being used. In addition,
the viscosity of many petroleum fuels is important for the estimation of optimum storage, handling
and operational conditions. Thus, the accurate measurement of viscosity is essential to many product
specifications.
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Petroleum products — Transparent and opaque liquids
— Determination of Kinematic viscosity and calculation of

dy

namic viscosity

WARNING — This document does not purport to address all of the safety problems, if any,
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 thi

and
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tp determine the applicability of any other restrictions.

Sicope

locument specifies Procedure A, using manual glass viscometers, andProcedure H
hry viscometers in an automated assembly, for the determination (of) the kinemati
1id petroleum products, both transparent and opaque, by measufing the time for
to flow under gravity through a calibrated glass capillary viscometer. The dynami
hined by multiplying the measured kinematic viscosity by the density, p, of the liqu
ematic viscosities covered in this test method is from 0,2 mm2/s to 300 000 mn
brature range -20 °C to +150 °C.

plication to liquids for which primarily the shear stressédnd shear rates are proportional (N
iour). If, however, the viscosity varies significantly with the rate of shear, different results cg
Viscometers of different capillary diameters. The'procedure and precision values for resi
under some conditions exhibit non-Newtonianbehaviour, have been included.

V|

h

N
fl

ormative references

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

105, Glass capillary kinematic viscometers — Specifications and operating instructions
h96:1987, Waterfor analytical laboratory use — Specification and test methods
M E1137, Standard Specification for Industrial Platinum Resistance Thermometers

M E287%-Standard Guide for Digital Contact Thermometers

, using glass
[ viscosity, v,
a volume of
C viscosity, 1,
d. The range
12/s over the

The result obtained from this document is dependentiipon the behaviour of the sample and is intended

bwtonian flow
n be obtained
dual fuel oils,

their content
applies. For
ents) applies.

T Ldefiniti

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

[EC Electropedia: available at http://www.electropedia.org
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31

kinematic viscosity

v

resistance to flow of a fluid under gravity

Note 1 to entry: For gravity flow under a given hydrostatic head, the pressure head of a liquid is proportional to
its density, p. For any particular viscometer, the time of flow of a fixed volume of fluid is directly proportional to

its kinematic viscosity, v:

v=n/p

_ 5 .1 . . . o -
Note 2 to entry—where 1S tire Ty TanIre VlDLUblt_y coetfrcrent:

3.2

dynamic vigcosity

coefficient of dynamic viscosity
viscosity

n
ratio betweep the applied shear stress and rate of shear of a liquid

Note 1 to entrjy: It is a measure of the resistance to flow or deformation of a liquid.

Note 2 to entrly: The term dynamic viscosity is also used in a different contekt fo denote a frequency-depd
quantity in which shear stress and shear rate have a sinusoidal time dependénce.

3.3
density

p
mass per unit volume of a substance at a given temperature
4 Principle

The time is measured for a fixed volume ofliquid to flow under gravity through the glass cap
of a calibrated viscometer under a repraducible driving head and at a known and closely cont
temperaturel The kinematic viscosity-isithe product of the measured flow time and the calib
constant of the viscometer.

5 Reagents and materials

5.1 Cleanipg solution;strongly-oxidizing cleaning solution or alkaline cleaning solutions can be

Alkaline cleaning sotutions with a pH of greater than 10 are not recommended as they have been g
to change the vis€ometer calibration. If these are used, then the viscometer calibration shoy

ndent

illary
rolled
Fation

used.

hown
Id be

verified to elpsupe there is no change.

5.2 Sample solvent, completely miscible a prewash with an aromatic solvent such as toluene or

heptane might be necessary to remove asphaltenic material. When cleaning capillaries inside the
the boiling point of the cleaning solution shall be higher than the bath temperature.

5.3 Drying solvent, suitable and volatile at the used temperature. Filter before use. If mo
remains, use a drying solvent miscible with water (5.4).

bath,

isture

NOTE When cleaning capillaries inside the bath and if the bath temperature is higher than 50 °C, acetone is

not suitable.

5.4 Water, deionized or distilled, conforming to Grade 3 of ISO 3696:1987. Filter before use.

2 © IS0 2020 - All rights reserved
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5.5 Certified viscosity reference standards (CRM), with data provided by an accredited calibration
laboratory — traceable to the international agreed value of distilled water (1,003 4 mm?2/s at 20 °C as
specified in ISO/TR 3666) and calibrated in accordance with a standard practice for the basic calibration
of master viscometers and viscosity oils, such as in ASTM D2162I8l. ISO 17034 specifies the requirements
for CRM producers.

6 Apparatus design and requirements

6.1 Drying tubes, consisting of a desiccant drying system, consisting of either externally mounted
drying tubes or an integrated desiccant drying system designed to remove ambient moisture from the
capillpry tube. Ensure that they are packed loosely and that the desiccant is not saturated-wlith water.

6.2 [Sample filter, micron screen or fretted (sintered) glass filter, no more than 75 um.
6.3 |Reagent filter, micron screen or fretted (sintered) glass filter, no more than 11 pm.

6.4 |Ultrasonic bath, unheated — with an operating frequency betweeir25 kHz to 60 kHz|and a typical
powef output of <100 W, of suitable dimensions to hold container(s)\placed inside of bath, for use in
effectjvely dissipating and removing air or gas bubbles that can Be entrained in viscous $ample types
prior [to analysis. It is permissible to use ultra-sonic baths with operating frequencies and ppwer outputs
outsidle this range; however, it is the responsibility of the laboratory to conduct a data comparison study
to corfirm that results determined with and without the use*of such ultrasonic baths does njot materially
impagt results.

6.5 |Manual apparatus

6.5.1| Glass capillary viscometer, calibratedin accordance with ISO 3105.

The viscometer shall have a certificate of.cdlibration provided by a laboratory that meets ISO/IEC 17025.
The dalibration constant should be ‘cliecked before first use of the capillary and only changed if
necessary.

The chlibration constant, C, is-dependent upon the gravitational acceleration at the place df calibration.
The vpriation in the value of,g across the earth’s surface is about 0,5 % due to latitude plus approximately
0,003 % per 100 m altitude. Apply a gravity correction to the viscometer calibration c¢nstant as in
Formula (1), if the acceleration of gravity of the testing laboratory differs by more than|0,1 % of the
calibifation laboratgry

)

where¢ the subscripts 1 and 2 indicate, respectively, the calibration laboratory and the testirjg laboratory.

@)

NOTE Calculation of acceleration of gravity values can be found at www.NPL.co.uk.

IMPORTANT — Viscometers used for silicone fluids, fluorocarbons and other liquids, which are
difficult to remove using a cleaning agent, shall be reserved for the exclusive use of those fluids,
except during their calibration. Subject such viscometers to calibration checks at frequent
intervals. The solvent washings from these viscometers shall not be used for the cleaning of
other viscometers. If the viscometer is cleaned using the material in 5.1 then the user shall
verify the calibration before further use.

© IS0 2020 - All rights reserved 3
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6.5.2 Viscometer holder or mounting device within the temperature-controlled bath, enabling
the glass viscometer to be suspended so that the upper meniscus is directly above the lower meniscus
vertically within 1° in all directions.

Those viscometers whose upper meniscus is offset from directly above the lower meniscus shall be
suspended vertically within 0,3° in all directions (see ISO 3105).

The proper alignment of vertical parts may be confirmed by using a plumb line, but for rectangular
baths with opaque ends, this might not be possible.

6.5.3 Temperature controlled bath contamlng a transparent 11qu1d of suff1c1ent depth such that at
no time durip e - ; rhelow

Temperaturg
within the
than +0,02 °

control of the bath liquid shall be such that, for each series of flow-time measuren
ange of 15 °C to 100 °C the temperature of the bath medium does net\Wwary by

from the selected temperature over the length of the viscometer, andyor betwe¢n the
ach viscometer, and/or at the location of the thermometer i.e. the temperature ne¢ds to
hce of
1 not

nents,
more

Adjust and tphaintain the viscometer bath at the required test temperature within the limits
in 6.5.3, takjng account of the conditions given in Annex B and-of the corrections supplied dn the
certificates df calibration for the thermometers. Maintain the bath'temperature at the test tempeijature
using the re:ldings of the temperature measuring device with thié corrections supplied by the certificate

of calibration.

given

when
ttwo
embly

Thermometdrs shall be held in an upright position unde¥ the same conditions of immersion as
calibrated. Ip order to obtain the most reliable tempgrature measurement, it is recommended tha
thermometefs with valid calibration certificates be*used. They should be viewed with a lens ass

giving approkimately 5x magnification and be.afranged to eliminate parallax errors.

6.5.4 Temperature-measuring devicejfor the range 0 °C to 100 °C, being either:
a) a calibrated liquid-in-glass thermometer, (see Annex B) with a calibration and measur¢ment
capabilitly (CMC) of £0,02 °C aftercorrection or better, or

b) adigitallcontact thermometer (DTC) as described in 6.5.4.2 with equal or better CMC.

6.5.4.1 Thg¢ calibrationdata should be traceable to a calibration or metrology standards body and

meet the unc
series of tem
used in the s

ertainty ofmeasurement required. The calibration certificate shall include data coveri
perature-test points which are appropriate for its intended use. When two thermometg
hme bath in this range, they shall agree within 0,04 °C. See Annex B for the list of com

hg the
rs are

blying

thermometers:

If calibrated liquid-in-glass thermometers are used, the use of two thermometers is recommended.

Outside the range 0 °C to 100 °C, a calibrated liquid in-glass thermometer (see Annex B) or a DTC as
described in 6.5.4.2 with a CMC of 0,05 °C or better shall be used, and when two thermometers are
used in the same bath they shall agree within +0,1 °C.

When using liquid-in-glass thermometers, use a magnifying device to read the thermometer to
the nearest 1/5 division (e.g. 0,01 °C or 0,02 °C) to ensure that the required test temperature and
temperature control capabilities are met. It is recommended that thermometer readings (and any
corrections supplied on the certificates of calibrations for the thermometers) be recorded on a periodic
basis to demonstrate compliance with the test method requirements.

6.5.4.2 A DCT meeting the requirements in Table 1.
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The resulting uncertainty of calibration can be dependent upon the immersion depth.

6.5.4.3 The DCT probe is to be immersed no less than the immersion depth stated on the calibration

certifi

NOTE

cate.

With respect to DCT probe immersion depth, a procedure is available in ASTM E644-11

:2011, Section

70101, for determining the minimum depth. With respect to an ice bath, ASTM E563[2] provides guidance on
the preparation of an ice bath however variance from the specific steps is permitted provided preparation is

consis

tent as it is being used to track change in calibration.

Table 1 — DCT requirements

Criteria Minimum requirements

DCT ASTM E2877 Class A

Displhay resolution 0,01 °C, recommended 0,001 °C

Display accuracy +20 mK (20,02 °C) for combined probe and sensor

Sensdr type RTD, such as a PRT or thermistor

Drift less than 10 mK (0,01 °C) per year

Respgnse time less than or equal to 6 s, as defined in specificationfASTM E1137/E1137M

Linearity 10 mK over range of intended use

Calibfation report The DCT shall have a report of temperature’calibration which should be tfraceable to
a national calibration or metrology stanidards body issued by a calibration laboratory
with demonstrated competency in temperature calibration?.

Calibration data The calibration report shall include.at least 3 calibration temperatures irjcluding 0 °C
and 2 other points including the test temperature of use and state the immersion
depth under which this was ealibrated and the resulting uncertainty.

a  Ah ISO/IEC 17025 accredited laboratory with temperature calibration in its accreditation scope and which meets the

stated measurement uncertainty would meet this requirement.

6.6 |Automated apparatus
6.6.1| General
Autorpated viscometers, which' use the technical principles of this document, are acceptable provided

they meet the accuracy and-precision of all the equipment listed in 6.5. In addition, if the

meas
samp
tray (

ire kinematic viscesity in samples subject to conditioning using the steps in Anne
e tray shall bé used if the sample is not analysed immediately after conditioning.
6.6.2) shall bé-heated to a temperature which will not allow the sample to fall belo

y are used to
k C, a heated
This sample
v the testing

temperature.

be calculated
achieved the

Fimes of less than 200 s are acceptable; however, the kinetic energy correction shall
hould not exceed 3 % of the measured viscosity. Where a value of greater than 3 % is

icchauld ho ronaatad ncinag 4 cmallor diqmaotor viceamaotor tuiha
STo—oHourtB e e pe Y e

Flow
and s
analy!

TrteTtroT oo e oo et v ot otiieter—aots

6.6.2 Sample trays

Some automated equipment contain sample loading trays for analysis of multiple samples. When a
sample has been subjected to conditioning using the steps in Annex C, the sample shall not be allowed
to cool below the testing temperature on the loading tray as this will result in an increase in measured
viscosity as compared to the manual procedure. As the temperature of the conditioned sample can
drop very quickly, for analysis of these samples, the sample loading trays shall be heated above the test
temperature to ensure the temperature of the sample does not fall below the test temperature at the
time of analysis, and the nature of the sample is not changed. For analysis of these samples at 50 °C a
sample tray heated at 54 °C has been shown to be sufficient to maintain the sample temperature above
50 °C for at least 40 min. For analysis of these samples at other temperatures the lab should establish
the correct sample tray temperature and time before analysis.
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6.6.3 Temperature measuring device

If embedded, a temperature measuring device shall fully meet the requirements of 6.5.4 and be
removable for an external calibration. The embedded device will provide an independent reference
temperature read-out, allowing the temperature control of the automated apparatus to be adjusted at
the required set-point of test.

6.7 Timing device, capable of taking readings with a discrimination of 0,1 s or better, and having an
uncertainty within 0,07 % of the reading when tested over intervals of 200 s and 1 000 s.

Regularly check timers for accuracy and maintain records of such checks.

Time signalsfas broadcast by the National Institute of Standards and Technology (NIST) are a convgnient
and primary|standard reference for calibrating timing devices.

NOTE Many broadcast networks put out a standard frequency signal, as do many telephone\networkg. Such
signals are sujtable for checking the timing devices used to an accuracy of 0,1 s.

Timing devi¢es employed in automated viscometers may be an integral part (ofi the apparatuls and
typically arg digital (using a precision crystal oscillator) with precision disCriminations of (,01 s
or better. A$ such, the timing devices may not be able to be individually. verified once installed.
Documentatjon of the accuracy of the timing device over the intended measuring range ¢f the
viscometer thibe should therefore be provided by the manufacturer. Independent verification of timing
devices shoulld be provided in cases where the above-mentioned limits are not satisfied.

Electrical timing devices may be used if the current frequency is controlled to an uncertainty of 0,05 %
or better. Altprnating currents, as provided by some public power systems, are controlled intermitfently
rather than ¢ontinuously. When used to actuate electrical tinting devices, such control can cause|large
errors in visg¢osity flow measurements.

7 Verification

7.1 Viscometer

Verify the cqlibration of the viscometer)using a certified viscosity reference standard (5.5) follpwing
Procedure A|(manual, Clause 11) or"\Procedure B (automated, Clause 12). Acceptable tolerance bands
for this verification check shall.be)as detailed in Annex D. If the measured kinematic viscosityf does
not fall withjn this acceptable‘tange, recheck each step in the procedure, including thermometgr and
viscometer cplibrations and-eleaning to locate the source of error. Table 1 in ISO 3105:1994 gives details
of standards|available.

Alternatively verify~working viscometers against a reference viscometer having a certificjte of
calibration provided-by an accredited calibration laboratory accredited to ISO 3105.

Verification {s‘required at least prior to first use of the viscometer and whenever a physical chapge is
made to the apparatus e.g. re-calibrating the temperature set-point, after cleaning or investigating the
failure of QA/QC protocol in place.

7.2 Liquid-in-glass thermometer

Verify the calibration of the liquid in a glass thermometer on a periodic basis in line with B.2 at least
at the frequencies described and maintain records of such checks. A complete new recalibration of the
thermometer, while permitted, is not necessary in order to meet the accuracy ascribed to the design of
the thermometer until the ice point change from the last full calibration amounts to one scale division
such as 0,05 °C. Some thermometers have an ice point scale for this activity.

6 © IS0 2020 - All rights reserved
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7.3 Digital contact thermometer

Verify the calibration of the DCT at least annually. The probe shall be recalibrated, when the check value
differs by more than 0,01 °C from the last probe calibration.

Verification can be accomplished with the use of a water triple point cell or an ice bath.

ASTM standard practices given in ASTM E563[2], ASTM E175001], and ASTM E2593[12] may be used as
reference regarding checking calibrations.

7.4 Timer

Verify the accuracy of the timer, regularly check timers and maintain records of such chéeks.

NOTE Many broadcast networks put out a standard frequency signal, as do many telephone networks. Such
signalk are suitable for checking the timing devices used to an accuracy of 0,1 s.

8 Re-calibration

Glass|capillary viscometer recalibration, if required, should be undertaken using the procedures in
ISO 3105.

CAUTION — Users are cautioned that recalibrating equipment in situ when a verifiication fails
potentially calibrates in an error. The most common sources of error are caused py particles
of dyst lodged in the capillary bore and temperature measurement errors. It should be
appreciated that a correct result obtained on standard oil does not preclude the possibility of a
counterbalancing combination of the possible sources of error.

9 Quality control

Use d quality control (QC) sample that(is representative of the product(s) routinely tested by the
laboratory to confirm that the instrument is in statistical control at a frequency in line with the testing
facilify quality assurance (QA) protocol.

This might not be possible if the product under test cannot be used as a QC material due|to its nature
(unstable or subject to thermaltreatment).

Wher QC/QA protocols.are already established in the testing facility, these can be used when they
confirm the reliabiljty of the test result.

Wherg the testing-facility lab uses a CRM material as a measure of quality control, Annex I) can be used
as thg proceduare to construct suitable acceptable tolerance zones for the QC/QA system.

10 Sample preparation

10.1 Pre-analysis sample conditioning

10.1.1 Using Table 2, verify whether the sample type under analysis requires conditioning before
analysis and, if so, follow the relevant procedure and steps noted, before charging the viscometer.

10.1.2 If the sample is transparent, but not liquid, at room temperature, for example, samples with a
high pour point value, then the sample should be sufficiently heated to ensure it can flow freely before
charging the viscometer.

© IS0 2020 - All rights reserved 7
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10.2 Visual inspection and filtering

When the sample is liquid then visually inspect it. If the sample contains fibres or solid particles, use a
sample filter (6.2) prior to or during charging of the viscometer tube. At all stages, protect the sample
from contamination.

Table 2 — Sample types and conditioning procedures

Sample type Is sample conditioning | Is sample filter | Conditioning procedure
required before required? reference
analysis?

Base oils No No* NotTequired

Gas oils No No? Not required
Distillate No Noa Not required
Kerosene No No2 Not required

Jet fuel No No? Not required
Formulated djils No No? 10.1L.2

Lubricant addlitives No No? 10432

Biofuel blend No No? 40.1.2

Biodiesel B1(J0 (transparent) No No? 10.1.2

Petroleum wax (transparent) No No? 10.1.2

Biodiesel B1(J0 (opaque) Yes Yes Annex C

Petroleum wax (opaque) Yes Yes Annex C

Residual fueljoils Yes Yes Annex C
Steam-refinefl cylinder oils Yes Yes Annex C

Black lubricating oils Yes Yes Annex C

Used oils No Yes Not required

a  Unless cor

tains fibres, solid particles or is not transparent.

11 Proced

11.1 Check
within the ad

With certain
are made at
viscosity res

ure A — Manual equipment

he bath temperaturg using the temperature measuring device, ensuring that the set p

ceptable tolerance and accuracy of the test temperature and record this data.

products whieh exhibit “gel-like” behaviour, users should take care that measurej
femperatures sufficiently high for such materials to flow freely, so that similar king

lts are-obtained in viscometers of different capillary diameter.

11.2 Select

uitable clean, dry calibrated viscometer(s) having a range covering the estimated kine

bint is

nents
matic

matic

viscosity at t

e speciiled test temperature. IT'he rlow time shall not be less than ZUU s, or the min

mum

flow time specified in Annex A for viscometer types and/or sizes and the maximum flow time stated in

ISO 3105.

The specific details of operation vary depending on the type of viscometer. The operating instructions
for the different types of viscometers listed in Table A.1 are given in ISO 3105. In general, the viscometers
used for opaque liquids are of the reverse-flow type listed in Table A.1 type C.

For the measurement of kinematic viscosity of jet fuels at =20 °C, only suspended-level type ISO 3105
viscometers as noted in Table A.1 shall be used. The suspended-level type viscometer types used for jet

fuel do not require a correction to the calibration constant for the test temperature being used.

11.3 Charge the viscometer with the sample as per the operating instructions in accordance with
ISO 3105 for the particular type of viscometer, as described in Annex A. Then place in the bath in

8
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the manner dictated by the design of the instrument. This operation shall be in conformity with that
employed when the instrument was calibrated.

Allow the charged viscometer to remain in the bath long enough to reach the test temperature, and
to ensure that all air bubbles in the sample have dispersed. As the equilibration time in the bath will
vary for different products, different viscometer tubes, for different temperatures and for different
kinematic viscosities, establish and document a safe equilibrium time by trial. A minimum of 30 min is
required for jet fuel at =20 °C.

Where the design of the viscometer requires it, adjust the volume of the sample to the mark after the
sample has reached temperature equilibrium.

NOTE Some viscometers require charging outside of the bath due to their design.

Wher

affixe
preve
affect
refere
order]

Speci
-20°
to ch
ends
of the
visco

Finall
work
condd

Do nad
samp

Whern
while]

For s
deter

11.4

11.4.
level

the test temperature is below the ambient dew point, the use of loosely packed
d to the open ends of the viscometer is permitted but not mandatory. These are
nt water condensation. However, it is essential that they do not set up a pressure dif

nce standard is used to verify the correct use of the viscometer with and without dr
to ensure that there is no restriction in the flow.

[. To ensure moisture does not condense or freeze on the walls of the capillary, it is r¢
irge the viscometer outside the bath and if used affix l@osely packed drying tubes
bf the viscometer. The drying tubes shall fit the design.of the viscometer and not res
sample by changing the pressure in the instrument:Carefully flush the moist room
neter by applying vacuum to one of the drying tubes.

y, it is recommended before placing the vis¢ometer in the bath to draw up the saf

nsing or freezing on the walls.

t use viscometers which cannot bé.rémoved from the constant temperature bath for
e portion.

e one bath is used to accommodate several viscometers, never add or withdraw
any other viscometer isbeing used to measure flow time.

hmples which have been subjected to conditioning as described in Annex C, eng
inations are started within 1 h of completing this pre-treatment.

Determinability test

I Use.suction (if the sample contains no volatile constituents) or pressure to positio
n_decordance with the operating instructions as set out in ISO 3105 for the type d

in use

. ‘With the sample flowing freely, measure, in seconds, to within 0,1 s the time req

Hrying tubes
designed to
ferential and

the rate of flow. Before first use of drying tubes, it is recommended’that a certiffied viscosity

ying tubes in

hl conditions apply when the test temperature is below the dew point, such as for analysis at

bcommended
to the open
[rict the flow
air from the

nple into the

ng capillary and timing bulb and allow to-drain back, as an additional safeguard against moisture

charging the

h viscometer

ure that the

in the sample
f viscometer
juired for the

meniscus to pass from the first to the second timing mark. If this flow time is less than the specified
minimum, select a viscometer with a capillary of smaller diameter and repeat the operation.

11.4.2 On all fluids except those subject to conditioning in Annex C, repeat the procedure. For direct
flow viscometers described in 11.4.1, without recharging the viscometer make a second measurement
of flow time. In the case of a reverse flow viscometer, either charge two viscometer tubes, or carry out a
complete cleaning and drying of a single tube before re-charging and performing a second measurement
of flow time.

Repeat 11.3 and 11.4.1. Record both flow time measurements. The intent is that the same sample of
fluid is measured in the same timing bulb successively. In the case of a reverse flow viscometer with
two bulbs, only the lower bulb shall be used for flow time measurement.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=0b07ff202120f259265ebbfd4387ca56

ISO 3104:2020(E)

On fluids subject to conditioning in Annex C, charge two viscometer tubes and follow the procedure
described in 11.4.1. Record both measurements.

From the two measurements of flow time calculate two determined values of kinematic viscosity.

If the two measurements agree with the stated determinability figure for the product, calculate the
average of the two determinations and use this value to report the kinematic viscosity. Record the result.

If two successive measurements do not meet the determinability figure for the product, repeat the
above operation from 7.1.

Poor determinability can be attributed to: an unsuccessfully filtered sample, ice forming in the capillary,
a contaminammmm time,
or heterogeneity of sample or the viscometer may require cleaning. Consider these points-hefore
starting a new analysis.

If the materifl or temperature, or both, is not listed in 16.1, use 1,5 % as an estimate of determingbility
or establish a reasonable determinability by trial, document and use this “trial” determinability|value
against which to judge if determinability has been met in subsequent analysis.

12 Procedure B — Automated equipment

12.1 Set up|the automated viscometer in accordance with the manufacturer’s instructions for uge and
verify that thle equipment is fit for use by applying suitable quality control measures.

12.2 Check fhe bath temperature using the temperature medsuring device, ensuring that the set|point
is within the| acceptable accuracy and tolerance of the test‘temperature — do not start the test|if the
measurement is outside the tolerance.

12.3 Determinability test

12.3.1 Charge the viscometer, on completion-of the equilibrium time; ensure that the sample is drawn
up the capillgry to a position in the capillary tube above the timing bulb.

The sample hay also be drawn up once and released without timing to “wet” the tube if required,

For sub-zero temperature measuréments, the sample shall be held in the viscometer tube during the
temperature| equilibrium pefiod. The time required is dependent upon the sample type, viscometer
tube and tenperature of analysis and should be determined individually for each automated equipment.
For analysis |of jet fuel at <20 °C the automated viscometer shall maintain the sample in positior] for a
minimum of R0 min férthe temperature to equilibrate.

12.3.2 Allow thHe.sample to flow freely and measure in seconds, to a resolution of atleast 0,01 s, th¢ time
required for t i imi it imi iti

Flow times of less than 200 s are allowable as long as the kinetic energy correction is calculated and
does not exceed 3 % of the measured viscosity. If the kinetic energy correction exceeds 3 %, select a
viscometer with a smaller diameter capillary and repeat the test.

12.3.3 On all fluids except those subject to conditioning in Annex C, repeat the procedure described
in 12.3.1 to 12.3.2, without recharging the viscometer, to make a second measurement of flow time.
The equilibrium time in this case is not required. Some viscometer tubes allow a second flow time
measurement without redrawing the sample up the tube. Record the flow time measurements, kinetic
energy correction and the bath temperature readings at the beginning of each flow time measurement.

12.3.4 On fluids subject to conditioning in Annex C, two viscometer tubes can be charged and follow
the procedure described in 12.3.1 to 12.3.3, or all measurements can be undertaken in one viscometer
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tube if the sample is sufficiently fluid, and the sample is not allowed to cool below the test temperature.
Record the flow time measurements, kinetic energy correction and the bath temperature readings at the
beginning of each flow time measurement. These may be automatically captured by the equipment or
manually by the analyst.

12.3.5 Repeat the procedure described in 12.3.1 to 12.3.2 until two successive flow times agree within
the required determinability given in this document. If the two measurements agree with the stated
determinability figure for the product, calculate the average of the two measurements and use this value

to report the kinematic viscosity. Record the result.

12.3.
the ah

If the
15 °C

A If two successive measurements do not meet the dp‘rprminqhilify fignrp for the pr

duct; repeat

ove operation from 12.3.1.

material or temperature or both is not listed in 16.1 then use 1,0 % for temperatu
and 100 °C and for temperatures outside this range use 1,5 % as an estimate’ of det]

In addlition, the user can establish a reasonable determinability by trial, document and u;

deter

minability value against which to judge if determinability has been met in subsequern

13 dleaning of the viscometer tube

13.1
follow

After each analysis clean the viscometer thoroughly by several rinses with the sample
fed by the drying solvent (5.3). Dry the tube by passing:aslow stream of filtered dry ai

viscometer for 2 min or until the last trace of solvent is removed.

13.2
the adg
clean]

Some

When the verification of the viscometer calibration using certified reference standard
ceptable tolerance band the viscometer should'be cleaned using the manufacturers' r¢
ng solution and methodology to remove organic deposits.

res between
erminability.
e this “trial”
t analysis.

solvent (5.2),
r through the

b is outside of
bcommended

fimes insoluble particles can be removed by use of an ultrasonic bath. Inorganic dleposits may

be removed using hydrochloric acid treatment before the use of cleaning solution, partifularly if the
presence of barium salts is suspected! Following the removal of inorganic deposits, clgan with the
clean|ng solution (5.1) to remove residual traces of organic deposits, rinse thoroughly with water (5.4)
and drying solvent (5.3), and dry'with filtered dry air or a vacuum line as required by the mhanufacturer
of the equipment.
14 (Qalculation
14.1 (Procedure-A — Manual viscometers
14.1.1 Caleulate the determinability value, d, from 2 measured flow times, t! and % and the viscometer
consthnt; C, by means of Formulae (2) and (3):
vi=Cxtl (2
v2=Cxt? 3)
where
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vl is the kinematic viscosity, in square millimetres per second for the first flow time;

V2 is the kinematic viscosity, in square millimetres per second for the second flow time;

C is the calibration constant of the viscometer, in square millimetres per second squared;

t! is the measured flow time, in seconds of the first analysis;

t2 is the measured flow time, in seconds of the second analysis.

Calculate the difference between v! and vZ2 and compare to the determlnablhty value stated in Clause 16.

alculate
v=1+12)/2 4)
where v is thie kinematic viscosity, in square millimetres per second of the final reported result.
14.1.2 If required calculate the dynamic viscosity, 1, from the calculated kinemdatic viscosity, n, and the
density, p, bylmeans of Formula (5):
n=vxpk10-3 (5)
where
n isthgddynamic viscosity, in millipascal seconds;
p isthgdensity, in kilograms per cubic metre, at th€-same temperature used for the determina-
tion gf the kinematic viscosity.
The density ¢f the sample may be determined bycan appropriate method such as ISO 12185 or ISO(3675,
and corrected to the temperature of determifiation by means of ISO 91-1.
14.2 Procedure B — Automated viscometers
14.2.1 The |equipment should. calculate the determinability values as described in 14.1.1] The
determinabiliity values should bérecorded and available for reference. If the difference between v! and v2
is less than the determinability’value stated in Clause 17, the equipment should calculate the kindmatic
viscosity valye for the sanaple’ If it is greater than the value stated in Clause 17 then the equipment should
indicate that|the result.should not be reported.
14.2.2 Calcylate the kinematic viscosity, n, from the average of the measured flow time, ¢, and the
viscometer cpustant, C, taking into account the kinetic energy factor E, by means of Formula (6):
= C x t-E/¢2 (6)

where

v isthe kinematic viscosity, in square millimetres per second;

C  isthe calibration constant of the viscometer, in square millimetres per second squared;

t is the mean flow time, in seconds;

E  isthe kinetic energy factor, in square millimetre seconds.

NOTE Although the kinetic energy factor, E, is not a constant, it can be approximated by means of Formula (7):

12
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52,5V%
E=

L(de)%

where

15 Expression of results

Report the test results for kinematic viscosity and for dynamic viscosity in mm®&/s‘to fou
figurgs, together with test temperature.

16 Precision of procedure A

16.1

The difference between successive determinations obtained by the same operator
laboratory using the same apparatus for a series of operations leading to a single result,

is the volume of the timing bulb, in millilitres;
capillary working length, in millimetres;

capillary diameter, in millimetres;

O =<

is the calibration constant of the viscometer, in square millimetres per second squared.

(7)

Determinability, d

ir significant

in the same
would in the

long 1fun, in the normal and correct operation of this testmethod, exceed the values indicated in Table 3
only in one case out of 20.
Table 3 — Precision estimations of procedure A
Type of product! Determinability Repeatability Reproducibility
d r R

Base pils at 40 °Ca 0,0037 y (0,37 %) 0,010 1 X (1,01 %) 0,013 6 X (1,36 %)

Base pils at 100 °C2 0,003 6y (0,36 %) 0,008 5 X (0,85 %) 0,019 0 X (1,90 %)
Formplated oils at 40 °Ca 0,003 7y (0,37 %) 0,007 4 X (0,74 %) 0,012 2 X (1,22 %)

a

b

C

d

e

f

g

j

y : average of determinations being compared
X :avdrage of results being.comipared
NOTE

base dils betweén 12,0 mm?/s and 476,0 mm2/s at 40 °C; formulated oils between 28,0 mm2/s and 472,0 n
base dils between'2,90 mm?2/s and 3,0 mm?2/s at 100 °C; formulated oils between 6,50 mm2/s and 107,0 mm3

enging 6ils in the range of 7 mm?2/s to 19 mm?/s at 150 °C, and were first published in 1991[13],

These precisionfvalues refer to kinematic viscosity only, not dynamic viscosity.

These precisionyvalues were obtained by statistical examination of interlaboratory results for the follg

Thesé'precision values were obtained by statistical examination of interlaboratory results for eight fy

wing samples:
nm?2/s at 40 °C;
sat 100 °C.

lly formulated

These precision values were obtained by statistical examination of interlaboratory results from five petroleum waxes
in the range 3 mm?2/s to 16 mm?2/s at 100 °C and were first published in 1988[13],

These precision values were obtained by statistical examination of interlaboratory results from 11 1

residual fuel oil samples conforming to D396 Grades 5 or 6 and/or ISO 8217 RMG and RMK at 50 °C and 10 at 100 °C in the
range from 27,34 mm?/s to 2 395 mm2/s at 50 °C and 6,36 mm?/s to 120,8 mm?2/s at 100 °C, and were first published in 2016.

These precision values were obtained by statistical examination of interlaboratory results from eight additives in the
range 145 mm2/s to 500 mm?/s at 100 °C and were first published in 1997014,

These precision values were obtained by statistical examination of interlaboratory results from eight

range 1 mm2/s to 13 mm?2/s at 40 °C and were first published in 1997141,

These precision values were obtained by statistical examination of interlaboratory results from eight different aviation
samples, including semi synthetic and TS1 fuels and first published in 2017, and revised in 2019131,

These precision values were obtained by statistical examination of interlaboratory results from 22 laboratories on 13
samples of Diesel, FAME, HVO, GTL and Diesel/FAME blends up to 50 % FAME and first published in 2019.

aboratories on

gas oils in the
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Table 3 (continued)

Type of producti

Determinability
d

Repeatability

r

Reproducibility
R

Formulated oils at 100 °C2

0,003 6y (0,36 %)

0,008 4 X (0,84 %)

0,013 8X (1,38 %)

Formulated oils at 150 °CP

0,015 y (1,5 %)

0,005 6 X (0,56 %)

0,018 X (1,8 %)

Petroleum wax at 100 °C¢

0,008 0y (0,80 %)

0,014 1 X2

0,036 6 X1.2

Residual fuel oils at 100 °Cd

0,03y (3 %)

0,080 88 X (8,08 %)

0,120 6 X (12,06 %)

Residual fuel oils at 50 °Cd

0,024 4 y (2,44 %)

0,078 85 X (7,88 %)

0,084 61 X (8,46 %)

Lubricant additives at 100 °Ce

0001 06 L1

000192 x1.1

0008 A2 XL1

Gas oils at 40

ocf

0,0013 (y + 1)

0,004 3 (X + 1)

0,008 2 (X+1)

Jet fuel at -20

°Ce

0,007 608

0,001 368 X14

0,002 899 44

Diesel, biofue
at 40 °Ci

| and biofuel blends

0,008 093

0,004 094 (x + 1,5)

0,006 133)(x + 1,5)

y :average of d
X :average of 1
NOTE These

a  These pre
base oils betw
base oils betw

b These pre
engine oils in t
¢ These pre
in the range 3

d  These pre
residual fuel o
range from 27,

¢ These pre
range 145 mm

f These pre
range 1 mm2/g

g€ Thesepre
samples, inclu

J These pre
samples of Die

eterminations being compared
esults being compared
recision values refer to kinematic viscosity only, not dynamic viscosity.

Fision values were obtained by statistical examination of interlaboratoryresults for the following sa
ben 12,0 mm?/s and 476,0 mm2/s at 40 °C; formulated oils between-28,0 mm?2/s and 472,0 mm?/s at
ben 2,90 mm?2/s and 3,0 mm?/s at 100 °C; formulated oils between.6,50 mm2/s and 107,0 mm2/s at 100

Fision values were obtained by statistical examination of intetlaboratory results for eight fully form
he range of 7 mm2/s to 19 mm?/s at 150 °C, and were first published in 1991131,

ision values were obtained by statistical examination of interlaboratory results from five petroleum
mmZ/s to 16 mm2/s at 100 °C and were first published ifr1988[13],

Cision values were obtained by statistical examination of interlaboratory results from 11 laboratorj
| samples conforming to D396 Grades 5 or 6 andfor ISO 8217 RMG and RMK at 50 °C and 10 at 100 °C
B4 mm2/s to 2395 mm?/s at 50 °C and 6,36 mm?/s to 120,8 mm?/s at 100 °C, and were first published in

Fision values were obtained by statistical.examination of interlaboratory results from eight additives
/s to 500 mm2/s at 100 °C and were fifstjpublished in 1997141,

Cision values were obtained by stdtistical examination of interlaboratory results from eight gas oils
to 13 mm?/s at 40 °C and wereAfirst published in 1997141,

ision values were obtained by statistical examination of interlaboratory results from eight different ay
ing semi synthetic and TiS1fuels and first published in 2017, and revised in 2019[15],

Fision values were obtained by statistical examination of interlaboratory results from 22 laboratories
bel, FAME, HVO, GTL-and Diesel/FAME blends up to 50 % FAME and first published in 2019.

mples:

hlated

waxes

40 °C;
°C.

ies on
in the
2016.
in the
in the

iation

on 13

16.2 Reped

The differen
test method

tability,«

Ce between two independent results obtained in the normal and correct operation
by the same operator in a given laboratory applying the same method, for test m4g

pf the
terial

considered t

be the same within a short interval of time. with the same apparatus under coxn

stant

operating test conditions, would exceed the value calculated using the functions in Table 3, with an

approximate

probability of 5 %.

16.3 Reproducibility, R

The difference between two independent results obtained by different operators in the normal
and correct operation of the same method, for test material considered to be the same, in different
laboratories using different apparatus, would exceed the value calculated using the functions in Table 3,
with an approximate probability of 5 %.

14
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17 Precision of Procedure B

17.1 Determinability, d

The difference between successive determinations obtained by the same operator in the same
laboratory using the same apparatus for a series of operations leading to a single result, can in the long
run, in the normal and correct operation of this test method, exceed the values indicated in Table 4 only
in one case out of 20.

17.2 Repeatability, r

The difference between two independent results obtained in the normal and correct apgration of the
test method by the same operator in a given laboratory applying the same method;.for fest material
consiglered to be the same, within a short interval of time, with the same apparatus u?Eer constant
opergting test conditions, can exceed the value calculated using the functions*in Table 4, with an
apprdximate probability of 5 %.

17.3 |Reproducibility, R

The difference between two independent results obtained by, different operators in| the normal
and dorrect operation of the same method, for test material coiisidered to be the same| in different
laboratories using different apparatus, can exceed the value €alculated using the functiofs in Table 4,

with an approximate probability of 5 %.
Table 4 — Precision estimations Procedure B
Type of productb Determinability Repeatability Reprodiicibility
d r R

Used c()1n-serv1ce) formulated oils b 0,000 233 X1722 0,000 594 X172
at40pCa
Used (1on-serv1ce) formulated oils b 0,001 005 X14633 0,003 361 X14633
at 100 °Ca
DleseL, biofuel and biofuel blends 0,004 667 0,010 07 0,020 92
at40pcCe
Wher¢ X is the average of results being compared.
NOTE| These precision vatuesTefer to kinematic viscosity only, not dynamic viscosity.
a  These precision values were obtained by statistical examination of interlaboratory results from 10 used oil formulated
oil sarpples in the range25 mm?/s to 125 mm?/s at 40 °C, and 6 mm?2/s to 16 mmZ/s at 100 °C and first publighed in 2017.
b The deternfinability for used (in-service) formulated oils has not been determined, however a limjt of 1,0 % for
tempdratureshetween 15 °C and 100 °C may be used. Alternatively, user may reference DIN 51659-1[Z] as a guide.
¢ Thesée'precision values were obtained by statistical examination of interlaboratory results from 20 lab¢ratories on 13
samplesof Diesel, FAME, HVO, GTL and Diesel/FAME blends up to 50 % FAME and first published in 2019.

18 Test report

The test report shall contain at least the following information:

a)

sufficient details for complete identification of the product tested;

b) areference to this document,i.e. ISO 3104:2020;

)

the procedure used (see Clauses 11 and 12)

d) theresult of the test (see Clause 15);

e)

any deviation, by agreement or otherwise, from the procedure specified;

© IS0 2020 - All rights reserved
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f) the date of the test;

g) the name and address of the test laboratory (if relevant to the customer).
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Annex A
(normative)

Viscometer types, calibration and verification

Table A.1 lists capillary viscometers commonly in use for viscosity determinations on petroleum
products. For specifications and operating instructions, see 1ISO 3105.

Table A.1 — Viscometer types
Tyge Viscometer identification Kinematicviscosity range?
mm?/{
Ostwald types for transparent liquids
Cannon-Fenske routineb 0,5t0 20 P00
Zeitfuchs 0,6 to 3 (400
A BS/U-tubeb 0,9 to 10 00
BS/U/M miniature 0,2 to 100
SILb 0,6 to 10 0O
Cannon-Manning semi-micro 0,4to 20 900
PinkevitchbP 0,6 to 17 00
Suspended-level types for transparent liquids
BS/IP/SLP 3,5to 100{000
BS/IP/SL (S)P 1,05 to 10[000
BS/1IP/MSL 0,6 to 3400
B Ubbelohdeb 0,3 to 100{/000
FitzSimons 0,6to 1700
AtlanticP 0,75 to 5 P00
Cannon-Ubbelohdé (A), Cannon-Ubbelohde dilution (B)P 0,5 to 100{000
Cannon-Ubbelohde semi-micro 0,4to 20000
DIN Ubbelghde 0,35 to 50|000
Reverse:-flow types for transparent and opaque liquids
Canhon-Fenske opaque 0,4 to 20 P00
C Zeitfuchs cross-arm 0,6 to 100/000
BS/IP/RF U-tube reverse-flow 0,6 to 300{000
Lantz-Zeitfuchs type reverse-flow 60 to 100 000
a2 Each range quoted requires a series of viscometers. To avoid the necessity for a kinetic energy correction, these
viscometers are designed for a flow time in excess of 200 s, except where noted in ISO 3105.
b n this series, the minimum flow time for the viscometers with lowest constants exceeds 200 s.

© IS0 2020 - All rights reserved 17


https://standardsiso.com/api/?name=0b07ff202120f259265ebbfd4387ca56

ISO 3104:2020(E)
Annex B
(normative)

Thermometers for kinematic viscosity test

B.1 Thermometer design and specification

Use a short-lange specialized thermometer conforming to the generic specification given in Tablle B.1
and to one of the designs shown in Figure B.1.
Table B.2 givles a range of ASTM, IP and ASTM/IP thermometers that comply with the-specificatjon in
Table B.1, together with their designated test temperatures.
As an alterngtive, use a DCT as defined in 6.5.4.1
D
w )
L )
G
B
I
1
O
w (]
n ## ]
G
B
2
0D
LLI k’
T %m
G
B
I 1
3
NOTE The djfference in the designs rests mainly in the position of the ice point scale. In design A, the ice
point is withill the scale range, in design B, the ice point is below the scale range and in design C, the ice pjoint is

C Tolblo D 1 £ 1 43 £lots Lol
abOVe the scalet dITgC ot T T aUTC O T TOT CAPTAITTATTUTT UT TCTTET -5 y TITOUTSY

Figure B.1 — Thermometer designs
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Table B.1 — General specification for thermometers

Immersion depth Unit Total

Scale marks:

— Subdivisions °C 0,05

— Longlines at each °C 0,1 and 0,5

— Numbers at each °C 1

— Maximum line width mm 0,1

Scalelerror at test temperature, max. °C 0,1

Expafpsion chamber to permit heating to °C 105 for thermometer scale‘tp|to 90,
120 between 90 and 95,
130 between95%and 105

170 abeve 105

Total|length, B mm 3007to 310

Stem|fo.d., C mm 6,0 to 8,0

Bulb length, D mm 45 to 55

Bulb o.d., E mm no greater than stem

Length of scale range, G mm 40to 90

Table B.2 — Examples of complying thermometers

Thermometer number Test temperature
°C
ASTM 110C/IP 93C 135
ASTM 122C/IP 32C 98,9 and 100
ASTM 129C/IR:36C 93,3
ASTM 48C/IP-90C 82,2
IP 1006 80
ASTM-47C/1IP 35C 60
ASTM 29C/IP 34C 54,4
ASTM 46C/IP 66C 50
ASTM 120C/IP 92C 40
ASTM 28C/IP 31C 37,8
ASTM 118C 30
ASTM 45C/IP 30C 25
ASTM 44C/IP 29C 20
ASTM 128C/IP 33C 0
ASTM 72C/IP 67C -17,8
ASTM 127C/1P 99C -20
ASTM 126C/IP 71C -26,1
ASTM 73C/IP 68C -40
ASTM 74C/IP 69C -53,9
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