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Many petroleum products, and some non-petroleum’mat
as lubricants, and the correct operation of equipment def
appropriate viscosity of the liquid being used., In\addition,
many petroleum fuels is important for the estimation of op
handling and operational conditions. Thus~thHe accurate n
viscosity is essential to many product specifications.

brials, are used
ends upon the
the viscosity of
timum storage,
easurement of
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Petroleum products — Transparent and ‘opaque

liquids — Determinati
calcu

WARNING — The use of this International Standard may involve hazardogs materials, operations
and equi{ment. This standard does not purport to address all of the safety problems asso«;{

with its
health pr|

1 Scope

This Interhational Standard specifies a procedure for
the determination of the kinematic viscosity, v, of lig-
uid petrolgum products, both transparent and opaque,
by measuring the time for a volume of liquid to flow
under gravity through a calibrated glass .capillary
viscometgr. The dynamic viscosity, 5, can bé obtained
by multiplying the measured kinematic_viscosity by
the density, p, of the liquid.

NOTE 1 [The result obtained from-this International Stan-
dard is degdendent upon the behaviour of the sample and is
intended for application to liguids” for which primarily the
shear stregs and shear rates -are proportional (Newtonian
flow behayiour). If, howguer, the viscosity varies signifi-
cantly withl the rate of ‘shear, different results may be ob-
tained from| viscometers of different capillary diameters. The
procedure pnd precision values for residual fuel oils, which
under somje ebnditions exhibit non-Newtonian behaviour,
have been |ineluded.

n of kin
lation of dynamic viscosity

se. It is the responsibility of the user of this standard to establish appropriate saf
ctices and determine the applicability of regulatory limitations prior to use.

ated
y and

cept “editions of the standards inIicated below.
Members of IEC and ISO maintain rggisters of cur-
rently valid International Standards.

ISO 3105:—", Glass capillary kinematic viscometers
— Specifications and operating instrudtions.

ISO 3696:1987, Water for analytical laporatory use —
Specification and test methods.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 kinematic viscosity, v: Resistange to flow of a
fluid under gravity.

NOTE 2  For gravity flow under a given’Jydrostatic head,
the pressure head of a liguid is proportional to its density,

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-

1) To be published. (Revision of 1SO 3105:1976)

p. For any particular viscometer, the time of flow of a fixed
volume of fluid is directly proportional to its kinematic vis-
cosity, v, where v = n/p, and where 5 is the dynamic vis-
cosity coefficient.

3.2 density, p: Mass per unit volume of a substance
at a given temperature.

3.3 dynamic viscosity, n: Ratio between the ap-
plied shear stress and rate of shear of a liquid. It is
sometimes called the coefficient of dynamic viscosity,
or simply viscosity. Thus dynamic viscosity is a
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measure of the resistance to flow or deformation of
a liquid.

NOTE 3 The term dynamic viscosity can also be used in
a different context to denote a frequency-dependent quan-

tity in which shear stress and shear rate have a sinusoidal
time dependence.

4 Principle

The time is measured—for—a—fixed volume of liqnid hda)

© 1SO

5.5 Certified viscosity reference standards, for
use as confirmatory checks on the procedure in the
laboratory.

6 Apparatus

6.1 Viscometer, calibrated, of the glass capillary
type, capable of measuring kinematic viscosity within

flow under grayity through the capillary of a calibrated
viscometer under a reproducible driving head and at
a known and|closely controlled temperature. The
kinematic viscgsity is the product of the measured
flow time and the calibration constant of the
viscometer.

5 Reagents and materials

5.1 Chromic| acid cleaning solution, or a
nonchromium-g¢ontaining, strongly-oxidizing  acid
cleaning solutign.

WARNING — Chromic acid is a health hazard. It is
toxic, a recognized carcinogen, highly corrosive
and potentially hazardous in contact with organic
materials. If used, wear a full face-shield and full=
length protective clothing including suitable
gloves. Avoid breathing vapour. Dispose of used
chromic acid|carefully as it remains hazardous.
Nonchromiunj-containing, strongly oxidizing acid
cleaning solutions are also highly corrosive and
potentially hazardous in contact with organic ma-
terials, but dp not contain chromium which has
special dispogal problems.

5.2 Sample polvent;. .completely miscible with the
sample. Filter peforesuse.

NOTE 4  For fnost samples a volatile petroleum spirit or

the —tmits—of —precisionr—giverm 1mciause] 14 (see
annex A).

NOTE 6 Viscometers listed in table A.1, whadse specifi-
cations meet those given in I1ISO 3105meet these require-
ments. It is not intended to restrict\this test method to the
use of only those viscometers.listed in table A.1; annex A
gives further guidance.

Automated viscometers, which have been |shown to
measure kinematie/viscosity within the limjts of pre-
cision given insoladse 14, are acceptable alfernatives.
Apply a kingtic*energy correction (see 1SQ 3105) to
kinematickwscosities less than 10 mmZ/s and flow
times_leSs than 200 s.

6.2 Viscometer holder, enabling all vigcometers
which have the upper meniscus directly above the
lower meniscus to be suspended vertically] within 1°
in all directions. Those viscometers whgse upper
meniscus is offset from directly above the lower
meniscus shall be suspended vertically within 0,3° in
all directions (see ISO 3105).

NOTE 7 The proper alignment of vertical pafts may be
confirmed by using a plumb line, but for rectangular baths
with opaque ends this may not be wholly satisfgctory.

6.3 Temperature-controlled bath, corjtaining a
transparent liquid of sufficient depth such [that at no
time during the measurement is any portjon of the
sample in_the viscometer less than 20 mm|below the

naphtha is suitable. For residual fuels, a prewash with an
aromatic solvent such as toluene or xylene may be necess-
ary to remove asphaltenic material.

5.3 Drying solvent, volatile and miscible with both
the sample solvent (5.2) and water (5.4). Filter before
use.

NOTE 5 Acetone is suitable.

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

surface of the bath liquid or less than 20 mm above
the bottom of the bath.

Temperature control of the bath liquid shall be such
that, for each series of flow-time measurements,
within the range of 15 °C to 100 °C the temperature
of the bath medium does not vary by more than
+ 0,02 °C from the selected temperature over the
length of the viscometer, or between the position of
each viscometer, or at the location of the
thermometer. For temperatures outside this range,
the deviation from the desired temperature shall not
exceed + 0,05 °C.
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6.4 Temperature-measuring device, for the range
0°C to 100°C, either calibrated liquid-in-glass
thermometer (annex B) of an accuracy after cor-
rection of + 0,02°C or better, or any other
thermometric device of equal or better accuracy.
When two thermometers are used in the same bath,
they shall agree within 0,04 °C.

NOTE 8 If calibrated liquid-in-glass thermometers are
used, the use of two thermometers is recommended.

ISO 3104:1994(E)

where the subscripts 1 and 2 indicate respectively the
standardization laboratory and the testing laboratory.

8 General procedure for kinematic
viscosity determination

8.1 Adjust and maintain the viscometer bath at the
required test temperature within the limits given in
6.3, taking account of the conditions given in

Outside freTange 0—Cto—100—"C, = catbratedtiquictt
in-glass thermometer of an accuracy after correction
of + 0,0% °C or better shall be used, and when two
thermometers are used in the same bath they shall
agree within + 0,1 °C.

6.5 Timing device, capable of taking readings with
a discrimjnation of 0,1 s or better, and having an ac-
curacy wjthin + 0,07 % (see annex C) of the reading
when tegted over intervals of 200 s and 900 s.

NOTE 9 | Electrical timing devices may be used if the cur-
rent frequency is controlled to an accuracy of 0,05 % or
better. Alfernating currents, as provided by some public
power syqtems, are intermittently rather than continuously
controlled] When used to actuate electrical timing devices,
such confrol can cause large errors in viscosity flow
measurenjents.

7 Calibration and verification

7.1 Verjfy the viscometer calibratien:*following the
laboratory procedure using a certified viscosity refer-
ence stapdard (5.5). If the measured kinematic vis-
cosity dops not agree within @&-0;35 % of the certified
value, regheck each step (aythe procedure, including
thermometer and viscometer calibrations, to locate
the sourde of error. Fable 1 in ISO 3105 gives details
of standards available.

NOTE 10 | THe ‘tnost common sources of error are caused
by particlgsCef, dust lodged in the capillary bore and tem-

annex B and of the corrections supplied on the cer-
tificates of calibration for the thermoneters.

Thermometers shall be held:in an lpright position
under the same conditions’ of immersion as when
calibrated.

NOTE 11  In orderfo/obtain the most refable temperature
measurement, it is.recommended that two thermometers
with valid calibration certificates be used (see 6.4). They
should be vieWed with a lens assembly giving approximately
x b maghification and be arranged to elinhinate parallax er-
rors.

8.2 Select a clean, dry, calibrated vig
a range covering the estimated king
(that is, a wide capillary for a very vis
a narrower capillary for a more fluid |

cometer having
matic viscosity
cous liquid and
quid). The flow

time shall not be less than 200 s or fhe longer time
noted in ISO 3105.

NOTE 12  The specific details of operafion vary depend-
ing on the type of viscometer. The operatifg instructions for
the different types of viscometers listed in table A.1 are
given in ISO 3105.

8.2.1 When the test temperature is |below the dew
point, affix loosely-packed drying tubps to the open
ends of the viscometer. The drying tupes shall fit the
design of the viscometer and not resirict the flow of
the sample by pressures created in the instrument.
Carefully flush the moist room air from| the viscometer

perature NTEaSUTETENT EITOTS. 1T SToUdbe appreciated that
a correct result obtained on a standard oil does not preclude
the possibility of a counterbalancing combination of the
possible sources of error.

7.2 The calibration constant, C, is dependent upon
the gravitational acceleration at the place of calibration
and this shall therefore be supplied by the standard-
ization laboratory, together with the instrument con-
stant. Where the acceleration of gravity, g, differs by
more than 0,1 %, correct the calibration constant as
follows:

G = (g2/g1)C1

by applying vacuum to one of the dryidg tubes. Finally,
before placing the viscometer in the bath, draw up the
sample into the working capillary and timing bulb and
allow to drain back, as an additional safeguard against
moisture condensing or freezing on the walls.

8.2.2 Viscometers used for silicone fluids,
fluorocarbons and other liquids which are difficult to
remove by the use of a cleaning agent shall be re-
served 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.
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9 Determination of viscosity of
transparent liquids

9.1 Charge the viscometer and place in the bath in
the manner dictated by the design of the instrument,
this operation being in conformity with that employed
when the instrument was calibrated. If the sample
contains solid particles, filter during charging through
a (75 um) filter (see ISO 3105).

NOTE 13 In gprerab—the—viscormeters—usod—for—trans

© IS0

9.2.2 If the two measurements agree with the
stated determinability figure (see 14.1) for the prod-
uct, calculate the average of the two measurements
and use this value to calculate the kinematic viscosity.
If the measurements do not agree, repeat the deter-
mination after thorough cleaning and drying of the
viscometer and filtering of the sample. Record the
result.

10 Determination of viscosity of opaque

parent liquids are|of the type listed in table A.1, types A and
B.

9.1.1 With ceftain products which exhibit “gel-like”
behaviour, take|care that measurements are made at
temperatures dufficiently high for such materials to
flow freely, so that similar kinematic viscosity results
are obtained in viscometers of different capillary di-
ameter.

9.1.2 Allow the charged viscometer to remain in the
bath long enojugh to reach the test temperature.
Where one bath is used to accommodate several vis-
cometers, nevdr add or withdraw a viscometer while
any other viscdmeter is being used to measure flow
time.

Because time [in the bath will vary for different in-
struments, for @lifferent temperatures and for different
kinematic viscosities, establish a safe equilibrium¢time
by trial.

NOTE 14 30 rhin should be sufficient, except for the
highest kinemati viscosities.

9.1.3 Where fhe design of the-visCcometer requires
it, adjust the vplume of the sample to the mark after
the sample hag reached terhperature equilibrium.

constituents) dr pressure to adjust the head level of

9.2 Use sucglon (if<the sample contains no volatile
the test samplé_ta-a position in the capillary arm of the

liquids

10.1 For steam-refined cylinder ails and black lubri-
cating oils, proceed to 10.2 enslring a thoroughly
representative sample is used: For residual fuel oils
and similar waxy products, (whose kinematid viscosity
can be affected by theirthermal history, the proce-
dure described in 104 to 10.1.6 shall be| followed
to minimize this effect.

NOTE 15 In.géneral, the viscometers used for opaque
liquids are of\the reverse-flow type listed in tablp A.1, type
C.

10.1:1 Heat the sample in its original cortainer, in
anoven, at 60 °C + 2 °C for 1 h.

10.1.2 Thoroughly stir the sample with a syitable rod
of sufficient length to reach the bottom of the con-
tainer. Continue stirring until there is no sludpge or wax
adhering to the rod.

10.1.3 Recap the container tightly and shpke vigor-
ously for 1 min to complete the mixing.

NOTE 16  With samples of a very waxy nature pr samples
of high kinematic viscosity, it may be necessary fo increase
the heating temperature above 60 °C to achigve proper
mixing. The sample should be sufficiently fluid after heating
for ease of stirring and shaking.

instrument approximately 7 mm above the first timing
mark, unless any other value is stated in the operating
instructions for the viscometer. With the sample
flowing freely, measure, in seconds to within 0,1s
(see 6.5), the time required for the meniscus to pass
from the first to the second timing mark. If this flow
time is less than the specified minimum (see 8.2),
select a viscometer with a capillary of smaller diam-
eter and repeat the operation.

9.2.1 Repeat the procedure described in 9.2 to make
a second measurement of flow time. Record the re-
sult.

10.1.4 Tmmediately thereafter pour sufficient sample
to fill two viscometers into a 100 ml glass flask and
loosely stopper the flask.

10.1.5 Immerse the flask in a bath of boiling water
for 30 min.

NOTE 17  Care should be taken, as vigorous boil-over may
occur when opaque liquids which contain high levels of
water are heated to high temperatures.

10.1.6 Remove the flask from the bath, stopper
tightly and shake for 1 min.
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10.2 Charge two viscometers and place in the bath
in the manner dictated by the design of the instru-
ment. For example, for the cross-arm or the BS U-
tube viscometers for opaque liquids, filter the sample
through a 75 um filter into two viscometers previously
piaced in the bath. For sampies subjected to heat
pretreatment (10.1), use a preheated filter to prevent
the sample coagulating during the filtration.

NOTE 18  Viscometers which are charged before being
inserted into the bath may need to be preheated in an oven

ISO 3104:1994(E)

(5.3). Dry the tube by passing a slow stream of filtered
dry air through the viscometer for 2 min or until the
last trace of solvent is removed.

11.2 Periodically clean the viscometer with the
cleaning solution (CAUTION — see 5.1) for several
hours 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.

Remove any inorganic deposits with hydrochloric acid

prior to cfrargmygtheSampte—Tiis TS toensure thatthe
sample w{ll not be cooled below test temperature.

10.2.1 After 10 min in the bath, adjust the volume
of the sgmple (where the design of the viscometer
requires)|to coincide with the filling marks as in the
viscometgr specifications (see ISO 3105).

10.2.2 Allow the charged viscometers enough time
in the bath to reach the test temperature. (See note
14.) Whefe one bath is used to accommodate several
viscometers, never add or withdraw a viscometer
while any other viscometer is being used to measure

flow timd
How img.

10.3 With the sample flowing freely, measure, to
the neargst 0,1 s (see 6.5), the time required for the
advancing ring of contact to pass from the first.timing
mark to the second. Record the result.

In the cdse of samples requiring heat pretreatment
(10.1), cpmplete the determinationsswithin 1 h of
completimg the pretreatment.

10.4 Calculate the meap Kinematic viscosity, v, in
mm?2/s, ffom the two determinations.

For residpal fuel oilsiif'the two measurements agree
within tHe stated\determinability figure (see 14.1),
calculate[the average of the two measurements and
use this palle. to calculate the kinematic viscosity to

treatment before the use of cleaning solution, par-
ticularly if the presence of barium(salts is suspected.

11.3 Alkaline cleaning gblutions shall not be used,
as changes in the viscometer caiibratipn may occur.

12 Calculation

12.1 . Calculate the kinematic viscodity, v, from the
measured flow time, ¢, and the viscometer constant,
Cfby means of the following equation:

v=Cxt
where
v is the kinematic viscosity,|in square milli-

metres per second;

C is the calibration conjstant of the
viscometer, in square millimetres per sec-
ond squared [mm?2/s2];

t is the mean flow time, in 4econds.

12.2 Calculate the dynamic viscosity, 7, from the
calculated kinematic viscosity, v, and| the density, p,
by means of the following equation:

n=vxpx107°

be reported/|f the measurements do not agree_re-
peat the determination after thorough cleaning and
drying of the viscometer and filtering of the sample.
Record the result.

NOTE 19
available.

For other opaque liquids, no precision data is

11 Cleaning of the viscometer

11.1 Between successive determinations, clean the
viscometer thoroughly by several rinsings with the
sample solvent (5.2), followed by the drying solvent

WHEeTe

n is the dynamic viscosity, in millipascal
seconds;

p is the density, in kilograms per cubic me-
tre, at the same temperature used for the
determination of the kinematic viscosity;

v is the kinematic viscosity, in square milli-
metres per second.

NOTE 20 The density of the sample may be determined

by an appropriate method such as ISO 3675, and corrected
to the temperature of determination by means of ISO 91-1.
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13 Expression of results

Report the test results for kinematic viscosity and/or
dynamic viscosity to four significant figures, together
with the test temperature.

14 Precision

14.1 Determinability (d)

© ISO

terial would, in the long run, in the normal and correct
operation of this test method, exceed the values in-
dicated below only in one case in twenty:

Base oils at 40 °C and 100 °C2?:
0,0011x (0,11 %)

Formulated oils at 40 °C and 100 °C3!:
0,0026x (0,26 %)

Formulated oils at 150 °C4:

O N0NER (N ER O/

The difference |between successive determinations
obtained by the|[same operator in the same laboratory
using the samq apparatus for a series of operations
leading to a single result, would in the long run, in the
normal and corflect operation of this test method, ex-
ceed the value$ indicated below only in one case in
twenty:

Base oils at 40 °C and 100 °C2:
0,0020y (0,20 %)

Formulated

bils at 40 °C and 100 °C3:

0,0013y (0,13 %)

Formulated
0,015y (1,5

pils at 150 °C4:
o)

Petroleum wax at 100 °C5":

0,0080y (0,40 %)

Residual fugl oils at 80 °C and 100 °C®:
0,011(y+8

Residual fugl oils at 50 °C8"
0,017y (1,7 Po)

where y is the javerage of deterfinations being com-
pared.

14.2 Repeatability<(r)

The difference|Between successive results obtained

SAAASA RN A=A |

Petroleum wax at 100 °C5"
0,0141x"?

Residual fuel oils at 80 °C and. 100 °C®:
0,013(x + 8)

Residual fuel oils at,60™°C8:
0,015x (1,5 %)

where x is the@verage of results being compared.

14.3* Reproducibility (R)

The difference between two single and independent
results obtained by different operators working in dif-
ferent laboratories on nominally identical test material
would, in the long run, in the normal and cprrect op-
eration of this test method, exceed the vdlues indi-
cated below only in one case in twenty:

Base oils at 40 °C and 100 °C2:
0,0065x (0,65 %)

Formulated oils at 40 °C and 100 °C?:
0,0076x (0,76 %)

Formulated oils at 150 °C4:
0,018x (1,8 %)

by the same operator with the same apparatus under
constant operating conditions on identical test ma-

Petroleum wax at 100U “C*"
0,0366x '

2) These precision values were obtained by statlstlcal examlnanon of interlaboratory results from six mineral oils in the range
8 mm /s to 1 005 mm /s at 40 °C and 2 mm /s to 43 mm /s at 100 °C, and were first published in 1989.

3) These precision values Were obtained by statistical examlnatlon of |nterlaboratory results from seven fully formulated engine
oils in the range of 36 mm /s to 340 mm /s at 40 °C and 6 mm /s to 25 mm /s at 100 °C, and were first published in 1991.

4) These precision values were obtained by statistical examination of interlaboratory results for eight fully formulated engine
oils in the range of 7 mm?/s to 19 mm?/s at 150 °C, and were first published in 1991.

5) These precision values were obtained by statistical examination of interlaboratory results from five petroleum waxes in the
range 3 mm2/s to 16 mmz/s at 100 °C, and were first published in 1988.

6) These preC|S|on values were obtamed by statistical examlnatlon of mterlaboratory results from fourteen residual fuel oils in
the range 30 mm /s to 1 300 mm /s at 50 °Cand 5 mm /s to 170 mm?/s at 80 °C and 100 °C, and were first published in 1984.
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0,04(x + 8)

0,074x (7.4 %)

ISO 3104:1994(E)

sufficient details for complete identification of the

termined.

Residual fuel oils at 80 °C and 100 °C8: a)
product tested;
Residual fuel oils at 50 °C®" b) a reference to this International Standard or a
corresponding national standard;
where x is the average of results being compared. c) the result of the test (see clause 13):
NOTE 21  The precision for used oils has not been deter- d) any deviation, by agreement or otherwise, from
mined but is expected to be poorer than that for formulated h ' e '
r
oils. Because of the extreme variability of such used oils, it the procedure specified;
is not anticipated that the precision of used oils will be de- 1 the date af tha bant.
f) the name and address of the tést Jaboratory.

15 Test report

The test feport shall contain at least the following in-
formation
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A.1 Viscometer types

Annex A
(normative)

Viscometer types, calibration and verification

© ISO

for viscosity determinations on petroleum products.

Eor snecifications
o4 pPecHtcattch

and
T

operatina
ISASARSRIENC |

tnotriint
ERISAS R ATRY)

ns, see

Table A.1 lists gapillary viscometers commonly in use ISO 3105.
Table A.1 — Viscometer types
y . . 1
Type Viscometer identification Kijernatic V|sc;osny range
mm2 [s
Ostwald types for transparent liquids

Canfon-Fenske routine? 0,5 to 20 000
Zeit{uchs 0,6 to 3 000

A BS/-tube?) 0,9 to 10 000
BS/U/M miniature 0,2 to 100
SIL2 0,6 to 10 000
Canpon-Manning semi-micro 0,4 to 20 000
Pinkevitch?) 0,6 to 17 000

Suspended-level types for transparent liquids

BS/IP/SL2) 3,5 to 100 000
BS/IP/SL (S)2) 1,05 to 10 000
BS/IP/MSL 0,6 to 3 000
5 Ubbklohde?) 0,3 to 100 000
Fitz$imons 0,6to 1200
Atlahtic2) 0,75 to 5 000
Canpon-Ubbelohde (A),(CGannon-Ubbelohde dilution (B)2) 0,5 to 100 000
Canpon-Ubbelohde_semi-micro 0,4 to 20 000
DIN|Ubbelohde 0,35 to 50 000
Reverse¢-flow types for transparent and opaque liquids
Canphon-Fenske opaque 0,4 to 20 000
C Zeittuchs cross-arm 0.6 to 100 000

BS/I

P/RF U-tube reverse-flow

Lantz-Zeitfuchs type reverse-flow

0.6 to 300 000
60 to 100 000

1) Each range quoted requires a series of viscometers. To avoid the necessity for a kinetic energy correction

cometers are designed for a flow time in excess of 200 s, except where noted in ISO 3105.

2) In this series, the minimum flow time for the viscometers with lowest constants exceeds 200 s.

, these vis-
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A.2 Calibration

Calibrate working standard viscometers against mas-
ter viscometers having a certificate of calibration
traceable to a national standard. Viscometers used for
analysis shall be calibrated in comparison with work-
ing standard viscometers or master viscometers, or
by the procedures given in ISO 3105. Viscometer
constants shall be measured and expressed to the
nearest 0,1 % of their value.

ISO 3104:1994(E)

NOTE 22  These oils can be used for confirmatory checks
on the procedure in a laboratory.

If the measured viscosity does not agree within
+ 0,35 % of the certified value, recheck each step in
the procedure, including thermometer, timer and
viscometer calibrations, to locate the source of error.

NOTES

23 It should be appreciated that a correct result obtained
on a certified oil does not preclude the possibility of a

A.3 Verification

Viscometpr constants shall either be verified by a
procedurg similar to that in A.2, or conveniently
checked by means of certified viscosity oils.

counterbalancing combination of the pogsible sources of
error.

24 A range of viscosity reference* standards is commer-
cially available and each oil ccarries a cdrtification of the
measured value established by 'multiple tg¢sting. Table 1 of
ISO 3105 gives the standard range of oils javailable.
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Annex B
(normative)

Thermometers for kinematic viscosity test

B.1 Thermometer design and Table B.2 gives a range of ASTM, IP and ASTM/IP
Y - th ters—that ‘ Tt ffication in
S ECIflcatIO'l HTHTIUTTITITTS  Uhidl L,U'III}JIY V.VILIl LI'IU SNMTUIT ICa
P table B.1, together with their designated*jtest tem-
Use a short-rapge specialized thermometer conform- peratures.
ing to the gengric specification given in table B.1 and
to one of the designs shown in figure B.1.
D
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NOTE — The difference in the designs rests mainly in the position of the ice point scale. In design A, the ice point is within
the scale range, in design B, the ice point is below the scale range and in design C, the ice point is above the scale range. See
table B.1 for definition of letter symbols.

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

Immersion depth Total
Scale marks:
Subdivisions °C 0,05
Long lines at each °C 0,1 and 0,5
Numbers at each °C 1
Maximum line width mm 0,1
Scale error at test temperature, max. °C 0,1
Expansiop chamber to permit heating to °C 105 for thermometer scale up to 90,120 between 90
and 95, 130 between 95 and 105, 170 above 105
Total length, B mm 300 to 310
Stemod., C mm 6,008,0
Bulb length, D mm 45 to 55
Bulb o.d) E mm no\greater than stem
Length of scale range, G mm 40 to 90

Tabhle B.2 — Complying thermometers

Theymometer number Test teTg erature
ASTM 110C/IP 93C 135
ASTM 122C/IP 32C 98,9 and 100
ASTM 129C/IP 36C 93,3
ASTM 48C/IP 90C 82,2
IP 100C 80
ASTM 4FC/IP 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 1]18C 30
ASTM 45C/IP 30C 25
ASTM 44C/IP 29C 20
ASTM 1p8C/IP 33C 0
ASTM 7pC/IP 67C -17.8
ASTM 1p7C/IP 99C - 20
ASTM 1R6C/IP 71€ - 26,1
ASTM 7BC/IP 68C - 40
ASTM 7HC/IR 69C - 53,9

B.2.2 The\'scale correction of liqujd-in-glass ther-
mometers May change during storage and use, and
therefore regular recalibration is required. This is most

conveniently achieved in a working

meéans of a recalibration of the ice poi
main scale corrections altered for the
the ice point.

NOTE 25 It is recommended that the in
checking be not greater than six months,

laboratory by
nt, and all of the
change seen in

erval for ice-point
but for new ther-

mometers, monthly checking for the first six months is
recommended. A complete new recglibration of the
thermometer, while permitted, is not necgssary in order to

meet the accuracy ascribed to this desig

of thermometer

until the ice point change from the lapt full calibration

amounts to one scale division, or unlesp more than five
years have elapsed since the last full califration.

Other thermometric devices, if used, will also require
periodic recalibration.

Keep records of all recalibration.

B.2.3 The procedure for ice-point|recalibration of

B.2 Calibration

B.2.1 Either use liquid-in-glass thermometers with
an accuracy after correction of 0,02 °C or better, cali-
brated by an accredited laboratory carrying certificates
confirming that the calibration is traceable to a na-
tional standard; or use thermometric devices such as
platinum resistance thermometers, of equal or better
accuracy, with the same certification requirements.

qunirl-in_gl:me thermometers is gi\/o‘] in B.2.3.1 to

B.2.3.3.

B.2.3.1 Select clear pieces of ice, preferably made
from distilled or pure water. Discard any cloudy or
unsound portions. Rinse the ice with distilled water
and shave or crush into small pieces, avoiding direct
contact with the hands or any chemically unclean ob-
jects. Fill a Dewar vessel with the crushed ice and add
sufficient water to form a slush, but not enough to
float the ice. As the ice melts, drain off some of the
water and add more crushed ice. Insert the
thermometer, and pack the ice gently about the stem,

1"
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to a depth approximately one scale division below the
0 °C graduation.

B.2.3.2 After at least 3 min have elapsed, tap the
thermometer gently and repeatedly at right angles to
its axis while making observations. Successive
readings taken at least 1 min apart shall agree within
0,005 °C.

B.2.3.3 Record the ice point readings and determine
the thermometer correction at this temperature from

© SO

b) View the thermometer with an optical aid that
gives a magnification of approximately x 5 and
also eliminates parallax.

c) Express the ice point reading to the nearest
0,005 °C.

B.2.4 When in use, immerse the thermometric de-
vice to the same depth used for its full calibration. For
example, if a liquid-in-glass thermometer was cali-
brated at the normal “total immersion” condition, it

the mean reading. If the correction Is found to be
higher or lower] than that corresponding to a previous
calibration, chgnge the correction at all other tem-
peratures by the same value.

During the progedure, apply the following conditions.

a) Support thg thermometer vertically.

shall be immersed to the top of the mereufy column
with the remainder of the stem and _thg éxpansion
volume at the uppermost end exposed-to rpom tem-
perature and pressure. In practice, this means that the
top of the mercury column shall-be within a length
equivalent to four scale divisions of the surface of the
medium whose temperaturelis being measured.

NOTE 26  If this condition cannot be met, thgn an extra
correction may be neggessary.
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