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Foreword

ISO (the International Organization for Standardization) i
federation of national standards bodies (ISO member bog
of preparing International Standards is normally-Carried o
technical committees. Each member body_interested in
which a technical committee has been established has 1
represented on that committee. Internatiénal organizations|
and non-governmental, in liaison with ISO, also take part in
collaborates closely with the International Electrotechnic
(IEC) on all matters of electrotechnical standardization.

Draft International Standards_adopted by the technical ¢
circulated to the member hodies for voting. Publication as

Standard requires approvalby at least 75 % of the member|
a vote.

International Standard ISO 3105 was prepared by Techni
ISO/TC 28, Petroleum products and lubricants.

This second edition cancels and replaces the first edition {!
corrected and reprinted 1984), which has been technically

Annéxes A, B and C form an integral part of this Internatio
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Glass capillary kinematic viscometers — Specifications

and operating instructions

and equipment. This International Standard does not purport to address all of the safety pro

— The use of this International Standard may involve hazardous materials, operations

blems

associated with its use. It is the responsibility of the user of this International-Standard to establish
appropriate safety and health practices and determine the applicability of‘regulatory limitatjons

prior to gse.

1 Scope 3 Symbols for viscometer parts

This Intefnational Standard gives specifications and

operating| instructions for glass capillary viscometers

widely uged for the determination of kinematic vis-

cosity of|petroleum products by the procedure de- Letters are used to designate specifiq parts of each
scribed jn ISO 3104. The calibration of thése viscometer described in the annexes| These letters
viscometers is also described. are also used in the text of this International Standard

when reference to the viscometers is ¢
frequently used letters on the figures
are as follows:

The typels of viscometers described are~modified
Ostwald Viscometers (annex A), suspended-level vis-
cometers| (annex B) and reverse-flow viscometers

(annex CJ]. Other viscometers of\thie glass capillary A Lower reservoir
type whi¢h are capable of measuring kinematic vis-
cosity within the limits of pregision given in 1ISO 3104 B Suspended level bulb

may be uped. CandJ  Timing bulbs

2 Normative reference D Upper reservoir

The following \&tandard contains provisions which, E, Fand | Timing marks
through reference in this text, constitute provisions

iven. The more
in the annexes

of this | . -
cation, the edition indicated was 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-
cent edition of the standard indicated below. Mem-
bers of IEC and ISO maintain registers of currently
valid International Standards.

Overflow tube

Mounting tube
Lower vent tube
Upper vent tube

ISO 3104:1994, Petroleum products — Transparent Connecting tube

and opaque liquids — Determination of kinematic vis-
cosity and calculation of dynamic viscosity.

» v oz 2 O =

Working capillary
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4 Viscometer materials and
manufacture

4.1 Fully annealed, low-expansion borosilicate glass
shall be used for the construction of all viscometers.
The size number, serial number and manufacturer's
designation shall be permanently marked on each
viscometer. All timing marks shall be etched and filled
with an opaque colour, or otherwise made a perma-

nent part of the viscometer.

© ISO

25 mm x 59 mm, is often cemented on to Zeitfuchs
cross-arm and Zeitfuchs viscometers. Viscometers fitted
with metal tops should be set vertically in the constant-
temperature bath with the aid of a plumb line.

In each figure, the numbers which follow the tube
designation indicate the outside tube diameter, in
millimetres. It is important to maintain these diam-
eters and the designated spacing to ensure that
holders will be interchangeable.

4.2 With thd

exception of the FitzSimons and

Atlantic viscometers, all viscometers shall be de-
signed to fit through a 51 mm hole in the lid of a

constant-tempdg
least 280 mm;
bath liquid will
of the bath lid.

NOTE 1 For
pecially at low 0
to construct theg
longer than shov
mersion in the ¢
modified can be

rature bath having a liquid depth of at
it is assumed that the surface of the
be not more than 45 mm from the top

ertain constant-temperature baths, es-
[ high temperatures, it may be necessary
viscometers with the uppermost tubes
n in the annexes to ensure adequate im-
bnstant-temperature bath. Viscometers so
ised to measure kinematic viscosity within

the precision of {he test method. The lengths of tubes and

bulbs shown in
+10% or + 10
bration constant
than + 15 % frorn

5 Viscome

All viscometerg
rectly above t
routine in anne

the figures should be maintained within
mm, whichever is less, such that the cali-
of the viscometer does not vary by more
h the nominal value.

ter holder and alignment

which have the upper meniscus di-
he lower meniscus (Cannon-Fenske
x A and all viscometérs: in annex B)

shall be mountgd in a constant-temdperature bath with

tube L held wit

a plumb bob
means.
NOTE 2 A nun

so designed that

hin 1° of the vertieal, as observed with
or other equally/ accurate inspection

hber of ‘€ommercially available holders are
thedube L is held perpendicular to the lid

of a constant-tgmperature bath; nevertheless, the vis-

ers

6.1 Procedures

Calibrate the kinematic glass, 'eapillary visfometers
covered by this International Standard using the pro-
cedures specified in annexes’/A to C.

6.2 Reference viscometers

6.2.1 Select _alclear petroleum oil, free flom solid
particles and,possessing Newtonian flow g¢haracter-
istics, wjith'a kinematic viscosity within the|range of
both the reference viscometer and the viscqmeter to
be calibrated. The minimum flow time shall be greater
than that specified in the appropriate table af the an-
nex in both the reference viscometer and the vis-
cometer which is to be calibrated in order| that the
kinetic energy correction (see 7.1) may be |ess than
0,2 %.

6.2.2 Select a calibrated viscometer of known vis-
cometer constant C,.

NOTE 4  This viscometer may be a reference viscometer
(driving head at least 400 mm) that has been caljbrated by
the step-up procedure using viscometers of sufcessively
larger diameters, starting with distilled water as|the basic
kinematic viscosity standard, or a routine viscomdter of the
same type that has been calibrated by comparison with a
reference viscometer.

The calibration of the reference viscometer should only be

cometer should t

g testedwitha plumbtmemorder to e

sure that the tube L is in a vertical position.

Those viscometers whose upper meniscus is offset
from directly above the lower meniscus (all other vis-
cometers in annex A and all viscometers in annex C)
shall be mounted in a constant-temperature bath with
tube L held within 0,3° of the vertical.

NOTE 3 Round metal tops, designed to fit above a
51 mm hole in the lid of the bath, are frequently cemented
on to Zeitfuchs, Zeitfuchs cross-arm and Lantz-Zeitfuchs
viscometers which then are permanently mounted on the
lid of the bath. Also a rectangular metal top,

Tarried out by @ Teputable faboratory meeting the require-
ments of, for example, ISO Guide 25.

Mount the calibrated viscometer together with the
viscometer to be calibrated in the same bath and de-
termine the flow times of the petroleum oil in ac-
cordance with ISO 3104.

6.2.3 Calculate the viscometer constant C, as fol-
lows:

Ci= (6 x Gyl (D

where
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is the constant of the viscometer being
calibrated;

is the flow time, to the nearest 0,1 s, in
the viscometer being calibrated;

is the constant of the -calibrated vis-
cometer;

is the flow time, to the nearest 0,1 s, in
the calibrated viscometer.

ISO 3105:1994(E)

C, = (g2/81)C; -(2)

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

6.3 Viscosity reference standards

Kinematic viscosity reference standards® are available
having the approximate kinematic viscosity shown in
table 1. Certified kinematic viscosity values are estab-
lished by cooperative tests and are supplied with each

6.2.4 Rszeat 6.2.1 to 6.2.3 with a second oil whose

flow time
If the tw

s are at least 50 % longer than the first oil.

dalizan
\SASuAAST S

reference stan-
Calibration tem-

6.3.1 Select from table 1 a visdosity
dard with a kinematic viscosity at the

care to e

6.2.5 Th
the gravit
and this
dardizatio
constant.
by more
as follow

b values of C,; differ by less than 0,2 % for
cometers listed in annexes A and B and less
Po for those viscometers listed in annex C,
hverage as the viscometer constant for the
er being calibrated. If the constants differ by
n this value, repeat the procedure, taking
amine all possible sources of errors.

e calibration constant, C, is dependent upon

ational acceleration at the place of calibration

must, therefore, be supplied by the stan-
n laboratory, together with the instrument
Where the acceleration of gravity, g, differs

than 0,1 %, correct the calibration constant

-

D.

Table 1 — Typical viscosity reference standards

perature within the kinematic’viscosit
viscometer to be calibrated*and a mini
greater than that specified in the appr|
the annex. Determiing the flow time,
0,1 s, in accordance with 1ISO 3104, ar

v range of the
mum flow time
bpriate table of

to the nearest
d calculate the

viscometer constant, C, as follows:
C =t -3

where

in millimetres
the reference

is the kinematic viscosity,
squared per second, for
standard liquid;

is the flow time, in seconds.

Approximate kinematic viscosity
De5|.gn tl.on mm2 Js
of viscpsity
reference oC
standprd
— 40 20 25 40 50 100
3 80 4.6 4,0 2,9 — 1,2
6 — 11 8,9 5,7 — 1.8
20 -— 44 34 18 — 3.9
60 — 170 120 54 — 7.2
200 — 640 450 180 — 17
600 — 2 400 1600 520 280 32
2 000 — 8 700 5 600 1700 — 75
8 000 — 37 000 23 000 6 700 — —
30 000 — — 81 000 23 000 11 000 —

1) Viscosity reference standards are available in certain countries from national laboratories or other authorized sources. These
reference liquids cover the range of all viscometers described in this International Standard.
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6.3.2 Repeat with a second reference standard
whose flow times are at least 50 % longer than the
first reference standard. If the two values of C differ
by less than 0,2 % for those viscometers listed in an-
nexes A and B and less than 0,3 % for those vis-
cometers listed in annex C, use the average as the
viscometer constant for the viscometer being cali-
brated. If the constants differ by more than this value,
repeat the procedure, taking care to examine all
possible sources of errors.

© |SO

grouping the nonvariable terms into a constant, C, as
follows:

v=Ct ... (5)

7.2 Kinetic energy correction

The viscometers described in the annexes A to C are
designed such that the kinetic energy correction term,
E|, is negligible if the flow time is more than 200 s.

6.4 Expressjon of viscometer constant

Report the visfometer constant, C, to the nearest
0,1 % of the dgtermined value. This generally means
four significant| figures from 1 x 10" to 6,999 x 10V
and three significant figures from 7 x 10V to
9,99 x 10".

7 Kinematic viscosity calculation

7.1 Basic formula

In principle, thg calculation of kinematic viscosity is
related to the dlmensions of the viscometer according
to the Hagen-Ppiseuille law as follows:

y = (106ngo4Hx/128VL) —EIF? )
where
v is the kinematic viscosity, in millimetres

squdred per second;

g is the acceleration due to gravity, in metres
per gecond squared,

D is the diameter of the Capillary, in metres;

is the length of the capillary, in metres;

t—the—caseofseveratsizes—of viscometerg for the
measurement of low kinematic viscosity*liquids, a
minimum flow time greater than 200, 8/is” rgquired in
order that the kinetic energy correction tgrm, E/tz,
shall be negligible. The minimumi\flow times required
are given in footnotes to thé-appropriate tables of
viscometer dimensions in theyannexes A to (.

For viscometers whosé_constants C are 0,0 mmz/s2
or less, the kinetic-energy correction may Qe signifi-
cant if the minimum 200 s flow time is not gbserved.

7.3 Maximum flow time

A limit>of 1 000 s has been set arbitrarily| for con-
venience as the recommended maximum flow time
for” the viscometers covered by this Intgrnational
Standard. Longer flow times may be used.

7.4 Surface tension correction

If the two menisci have different average diameters
during the flow time and if the surface tensipn of the
sample differs substantially from the calibrating liquid,
a surface tension correction is necessary. |The cor-
rected constant, C,,, i given approximately as fol-
lows:

Ceorr = C[1 + (2/gH)(1/ru - 1/rl) ()’c/Pc -7 /Pt)]

H is the average distance between the upper . (6)
and [lower ‘'menisci (average driving head), where
in tres:
. ) g is the acceleration due to gravity, in metres
14 is the timed volume of liquids passing per second squared:

through the capillary, in metres cubed (ap-
proximately the volume of the timing bulb);

E is the kinetic energy factor, in square
millimetre seconds;

t is the flow time, in seconds.

If the viscometer is selected so that the minimum
flow time shown in the tables of annexes A to C is
exceeded, the kinetic energy term, E/tz, becomes in-
significant and equation (4) may be simplified by

H is the average length of the driving head,
in metres;

r, is the average radius of the upper
meniscus, in metres;

n is the average radius of the lower
meniscus, in metres;

y is the surface tension, in newtons per
metre;
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p

is the density, in kilograms per cubic me-
tre.

Subscripts ¢ and t relate to values obtained with

the ca
ively.

librating liquid and the test portion, respect-

While this correction applies to all viscometers, a
number of viscometers are designed to minimize the
surface tension correction. The greatest correction
normally encountered is with a viscometer calibrated
with water and used for oils. Generally, viscometers

ISO

3105:1994(E)

C, = ;{1 + [4 000V (p, — p1)]/(nD2Hp2)} ()

where

G

is the constant of the viscometer when
filled and calibrated at the same tempera-

ture;

is the volume of charge, in

millilitres;

is the average diameter of the meniscus in
the lower reservoir for the Cannon-Fenske

are calibfated and used with hydrocarbons whose

surface
rections t

nsions are close enough for these cor-
O be insignificant.

7.5 Effect of temperature

751 Th
temperat
volume o
for all susg

75.2 Th
volume ¢
cometer

Cannon-F
semimicr

7.5.2.1
culate thg
than the
Fenske

semimicr

e viscometer constant, C, is independent of
ire for all those viscometers which have the
f sample adjusted at bath temperature and
pended-level viscometers.

e following viscometers, which have a fixed
harged at ambient temperature, have a vis-
constant, C, which varies with temperature:
enske routine, Pinkevitch, Cannon-Manning
b, Cannon-Fenske opaque.

The following equation can be used to \«cal

viscometer constant at temperatures\éther
calibration temperature for the-“Cannon-
routine, Pinkevitch and Cannon-Manning
D viscometers:

P1

%)

7.5.2.2 The temperature dependenc
Cannon-Fenske opaque (reverse-flow)
given as follows:

G = C1{1 — [4 000V (p, — 91)]/(1‘5

routine, Pinkevitch and \Cannon-Manning
semimicro viscometers)dand in the upper

reservoir of the Cannon-H
viscometer, in millimetres;

enske opaque

is the average-length of the driving head,

in millimetres;

is the‘density of the test lighid at the filling

temperature, in
[kg/(m® x 107°);

kilograms

per litre

is the density of the test liquid at the test

temperature, in
[kg/(m® x 107 °);

kilograms

per litre

e of C for the
viscometer is

Zsz)} ...(8)
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A.1 Genera
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Annex A
(normative)

Modified Ostwald viscometers

with emphasis on procedures that are specific to this

aroun of viscometers
=) 1

The following
type for transpa
the Ostwald vis

iscometers of the modified Ostwald
rent liquids follow the basic design of
cometer, but are modified to ensure

a constant volume test portion in the viscometer as

described in A.1

These viscomet|
kinematic visco

.1 and A.1.2.

ers are used for the measurement of
ities of transparent Newtonian liquids

up to 20 000 m“n2/s.

For the modified Ostwald viscometers,

drawings, size
kinematic viscg
bulb volumes f
ures A.1 to A7,

A.1.1 Viscon

detailed
designations, nominal constants,
sity ranges, capillary diameters and
br each viscometer are shown in fig-

neters having constant volume

at filling temperature:

— Cannon-Fen;s
— Cannon-Man

— Pinkevitch vi

A.1.2 Viscon

ke routine viscometer
ning semimicro viscometer

scometer

neters having constant volume

at test tempefrature:

— Zeitfuchs vis

— SIL viscome

cometer

er

scometer

— BS/U-tube vi

A.2.1 Select a clean, dry calibratéd,-vigcometer
which will give a flow-time greater,thah 200[s or the
minimum shown in the appropriate’table of dimen-
sions, whichever is greater.

A.2.2 Charge the viscomréter in the manner dictated
by the design of the inStrument, the operatipn being
in conformity with{that employed when the instru-
ment was calibrated. If the sample is thoughit to con-
tain fibres or.selid particles, filter through B 756 pm
screen during,charging.

A.221To charge the Cannon-Fenske | routine,
Cannon-Manning semimicro and Pinkevifch vis-
cometer, invert the viscometer and apply sliction to
tube L (the Pinkevitch viscometer has a sidg arm O
to which vacuum is applied, with the finger[on tube
L being used to control the liquid flow) with tube N
immersed in the liquid sample. Draw the sample to
timing mark F for the Cannon-Fenske routine and
Pinkevitch viscometers and to filling mark G for the
Cannon-Manning semimicro viscometer. Mount the
viscometer upright in the constant-temperat{ire bath,
keeping tube L vertical.

A.2.2.2 Mount the Zeitfuchs viscometer| in the
constant-temperature bath, keeping tube L|vertical.
Pour the sample through tube L to filling mark G. Al-
low 15 min for the sample to attain bath temperature
and become free of air bubbles. Attach the|vacuum
line with stopcock and trap to tube K. Slowly @iraw the

— BS/U-tube miniature viscometer

A.2 Operating instructions

A standard operating procedure applicable to all glass
capillary kinematic viscometers is contained in
ISO 3104. Operating instructions for the modified
Ostwald viscometers are outlined in A.2.1 to A.2.6

sample Into timing bulb C by partially opening the
stopcock in the vacuum line and partially closing tube
N with the finger. Allow the excess liquid to flow into
bulb D and through tube K into the trap in the vacuum
line. When the liquid in tube L reaches a point 2 mm
to 5 mm above filling mark H, hold it at this point by
alternately closing and opening tube N to the atmos-
phere with the finger for the appropriate time given in
table A.1 to permit the sample to drain from the walls
of tube L.
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Table A.1 — Drainage time for various kinematic

viscosity ranges in the Zeitfuchs viscometer
Kinematic viscosity of Drainage time
sample, v
mm2/s S
vy <10 10 to 20
10< v < 100 40 to 60
100< v< 1 000 100 to 120
T000<v 180 to 200

ISO 3105:1994(E)

ume of the sample to bring the liquid level within
0,2 mm of filling mark G by withdrawing the sample

with a pipette.

A.2.3 Allow the charged viscometer to remain in
the bath long enough to reach the test temperature.
Because this time will vary for different instruments,
for different temperatures and for different kinematic
viscosities, establish a safe equilibrium time by trial

(30 min should be sufficient except

for the highest

kinematic viscosities). One bath is often used to ac-

Adjust the working volume by drawing the meniscus
at the bpttom of the column of the liquid exactly to

filling m
pletely f
tip of th
ment of

close of

source.
venient!
plying p
rubber b

A223
30° fron
Introduc
A to fill
turn the
it in the
vertical.
such thd
14 mm

capillary

ark H, making sure that the sample com-
lls the viscometer between mark H and the
e overflow in bulb D; after this final adjust-
the working volume, remove the finger and

remove the connection to the vacuum
The final adjustment may be more con-
made by disconnecting the vacuum and ap-
essure to the mounting tube L by use of a
ulb.

Charge the SIL viscometer by tilting it about
the vertical, with bulb A below capillary R,
e enough of the sample into tube L for bulb
completely and overflow into the gallery. Be-
viscometer to the vertical position and\inount
constant-temperature bath so that\tube L is
The quantity of sample charged“should be
t the level in the lower reservoir’is 3 mm to
above opening S. The sample will rise in
R somewhat higher than‘opening S. After the

temperature equilibrium has_been reached, remove

any excs
to tube

A.2.2.4

viscome
tube L V
wetting

ss sample from the @allery by suction applied

Mount the BS/U-tube or BS/U/M miniature
fer in the constant-temperature bath, keeping
erticalUsing a long pipette to minimize any
bf-tube L above filling mark G, fill bulb A with

commodate several viscometers. Neyer add or with-

draw a viscometer while any other
use for measuring a flow time;

A.2.4 Use vacuum (orrpressure if 1
tains volatile constituents) to draw the
bulb C to approximately 5 mm abo

iscometer is in

he sample con-
sample through
e upper timing

mark E. Releasg“the vacuum, and allow the sample

to flow by gravity.

A.25 Measure, to the nearest 0,1

s, the time re-

quiredfor the leading edge of the meniscus to pass

fromiming mark E to timing mark F.
isdess than the minimum flow time s
viscometer, select a viscometer with

If this flow time
pecified for the
a smaller diam-

eter capillary and repeat steps A.2.2 through A.2.5.

A.2.6 Repeat steps A.2.4 and A

duplicate measurement of flow time.

measurements agree within the dete
in ISO 3104 for the petroleum produ

2.5, making a
If the two
minability given
ct being meas-

ured, use the average for calculating the kinematic

viscosity.

A.2.7 Clean the viscometer thoroy

ghly by several

rinsings with an appropriate solvent completely
miscible with the sample, followed by rinsing with a

completely volatile solvent. Dry the
passing a slow stream of filtered, dry
viscometer for 2 min, or until the last
is removed. The use of alkaline clear
not recommended, as changes in

a slight

excess of the eamplo After :allr\\ming the

sample to attain the bath temperature, adjust the vol-

catibration may occur.

viscometer by
air through the
trace of solvent
ing solutions is
the viscometer
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Dimensions in millimetres
For tolerances on lengths, see 4.2

25

.
| —N-8
e
'\ D
Jr :-:

250

NOTE — For size 25 only, the capillary N extends straight through
butbs DandC 1o about TO mm betow butb €, the timing mark
encircles this capillary.

Figure A.1 — Cannon-Fenske routine viscometer
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Table A.2 — Cannon-Fenske routine — Dimensions and kinematic viscosity ranges
Nominal . . . . Inside diameter
viscometer . Kln?matlc Inside diameter of tubes N, E and Bulb volume
Size No. constant viscosity range of tube R p
2 2 ml (£ 5 %)

(mm*?/s)/s mm-‘/s mm (+ 2 %) mm (+ 2 %) 5 c

25 0,002 05 1Mto2 0,30 261t03,0 3,1 1,6

50 0,004 08to4 0,44 261030 3.1 3.1

5 0,008 16108 0,54 2,610 3,2 B,1 3.1

100 0,015 3to 15 0,63 2,81t03,6 3,1 3.1

160 0,035 7 to 35 0,78 2,8t03,6 B,1 3.1

200 0,1 20 to 100 1,01 2,81t0Q6 3,1 3.1

300 0,25 50 to 250 1,27 2,810 3,6 3,1 3.1

350 0,5 100 to 500 1,52 3,0 to 3,8 3,1 3.1

400 1,2 240 to 1 200 1,92 3,0t03,8 3,1 3.1

450 2,5 500 to 2 500 2,35 351042 B,1 3.1

500 8 1 600 to 8 000 3,20 3,7104,2 B,1 3.1

600 20 4 000 to 20 000 4.20 4,4105,0 4,3 3.1

1) 250(s minimum flow time; 200 s minimum flow time for all other sizes.
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Dimensions in millimetres
For tolerances on lengths, see 4.2

10

L-18 K-6 N-7
N
v )
P
& \
L N
Round holder
2
25
J D-18 L
\ N
. —2int.2mm ()
E
wm
AN Rectangular helder
V c-18
By e
2 ( F
(
/ R
=)
| G
/4 I
H
. |
\ p
(=]
N,

Figure A.2 — Zeitfuchs viscometer
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Table A.3 — Zeitfuchs — Dimensions and kinematic viscosity ranges

v::::::\r;::er . Kin'ematic Inside diameter ol;l :Ldb‘::i:'"ée;::’ Volume of bulb
Size No. constant viscosity range? of tube R F c
(mm?/s)/s mm?/s mm (+ 2 %) mm ml (£ 5 %)
1 0,003 06t03 0,42 3.8t04,2 3,0
2 0,01 21010 0,59 3.8t04,2 4,0
3 0,03 6 to 30 0,78 3,8t04,2 4,0
s 0,7 Z0 1o 100 .10 3810 4,2 5,0
5 0.3 60 to 300 1,54 3.8t04,2 5,0
6 1,0 200 to 1 000 2,08 3,8t04,2 5,0
7 3,0 600 to 3 000 2,76 3.8 to @2 5,0
1) 200(s minimum flow time for all sizes.

1
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure A.3 — BS/U-tube viscometer
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Table A.4 — BS/U-tube — Dimensions and kinematic viscosity ranges
. . . . . Outside
!\lomlnal K'.n ema.ltlc _InS|de Outside diameter of Volume _Vertlcal diameter
viscometer viscosity diameter distance F
. tubes?) of bulb C of bulbs
Size constant range of tube R to G
AandC
No.
2 2 mm mm ml
mm?/s)/s mm-/s o mm mm
(mme/s) (£ 2%) Land P N (+ 5 %)
A 0,003 092t 3 0,50 8to9 6to7 5,0 91 +4 21 t0 23
B (VAVAS 2-0to 10 074 8t 9 6to7 570 87 T4 21 to 23
C 0,03 6 to 30 0,88 8109 6to7 5,0 83 4 21 t0 23
D 0,1 20 to 100 1,40 9to 10 7t08 10,0 78 + 4 25 to 27
E 0,3 60 to 300 2,00 9to 10 7to8 10,0 73+ 4 25 to 27
F 1,0 200 to 1 000 2,50 9to 10 7t08 10,0 70 + 4 25 to 27
G 3,0 600 to 3 000 4,00 10 to 11 9to 10 20,0 60 + B 32 to 35
2 000 to
H 10,0 10 000 6,10 10 to 11 9to 10 20,0 50 + B 32 to 35
1) Usé¢ 1 mm to 1,25 mm wall tubing for N, P and L.
2) 300 s minimum flow time; 200 s minimum flow time for all other sizes.

13
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure A.4 — BS/U/M miniature viscometer
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Table A.5 — BS/U/M — Dimensions and kinematic viscosity ranges

viI: :;T:;:Lr ] Kin'ematic Inside diameter | Outside diameter of Volume of bulb C
Size No. constant viscosity range? of tube R tubes L, N and P2
(mm?/s)/s mm?/s mm (+ 2 %) mm ml (+ 5 %)
M1 0,001 0,2t01 0,20 6to7 0,50
M2 0,005 1t05 0,30 6to7 0,50
M3 015 31015 0,40 6107 0,50
M4 0,04 8 to 40 0,50 6to7 0,50
M5 0,1 20 to 100 0,65 6to7 0,50

1) 200 s minimum flow time for all sizes.
2) Us¢ 1 mm to 1,25 mm wall tubing for N, P and L.

15
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Table A.6 — SIL — Dimensions and kinematic viscosity ranges

ISO 3105:1994(E)

vil;l ::‘ni:;:ler ) Kin-ematic Inside diameter Inside diameter Volume of bulb
Size No. constant viscosity range' of tube R of tubes E and P C
(mm?/s)/s mm?/s mm (+ 2 %) mm ml (+ 5 %)
oC 0,003 06to3 0,41 451t05,5 3,0
1 0,01 2,0to 10 0,61 45105,5 4,0
1C 0,03 6 to 30 0,79 451055 4,0
2 0,1 20 to 100 T4 45t055 5,0
2C 0,3 60 to 300 1,50 45t05,5 5,0
3 1,0 200 to 1 000 2,03 45t05,5 5,0
3C 3,0 600 to 3 000 2,68 4,5 10'5;5 5,0
4 10,0 2 000 to 10 000 3,61 45yt0 5,5 5,0

1) 20P s minimum flow time for all sizes.

17
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure A.6 — Cannon-Manning semimicro viscometer
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Table A.7 — Cannon-Manning semimicro — Dimensions and kinematic viscosity ranges
Nominal . . Inside
viscometer . Km_ematlc 1 diameter of Inside diameter of tubes Volume of
Size No. constant viscosity range tube R bulb C
(mm?/s)/s mm?/s mm (+ 2 %) N mm 5 ml (£ 5 %)
25 0,002 0,41t02,0 0,22 + 0,01 1,0t01,2 0,4t00,7 0,31
50 0,004 08to4 0,26 + 0,01 1,0t01,2 0,56t00,8 0,31
75 0,008 1.6t08 0,31 + 0,01 1T,Tt0 1,3 0,6t00,8 0,31
10d 0,015 3to 15 0,36 + 0,02 1.2t01,4 0,7t0 0,9 0,31
15( 0,035 7 to 35 0,47 + 0,02 1,2t0 1.4 0,810',0 0,31
204 0,1 20 to 100 0,61 + 0,02 1.4t01,7 0,91t 1,2 0,31
30d 0,25 50 to 250 0,76 + 0,02 1.5t01,8 1.2t0 1,6 0,31
35( 0.5 100 to 500 0,90 + 0,03 1,81t02,2 1,5t 1,8 0,31
40( 1,2 240 to 1 200 1,13 + 0,03 20to 24 1,6t0 2,0 0,31
45( 2,5 500 to 2 500 1,40 + 0,04 2,210'2,6 2,01t02,5 0,31
50d 8 1 600 to 8 000 1,85 + 0,05 241t 2,8 2,5t 2,8 0,31
60( 20 4 000 to 20 000 2,35 + 0,05 3,0t0 3,4 2,7 t0 3,0 0,31
1) 200 s minimum flow time for all sizes.
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure A.7 — Pinkevitch viscometer
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Table A.8 — Pinkevitch — Dimensions and kinematic viscosity ranges

Nominal Kinematic Inside diameter Inside diameter
viscometer . . of tubes N, E and Volume of bulb
viscosity range of tube R
. constant P
Size No.
2 2 mi (£ 5 %)
(mm°/s)/s mm°/s mm (+ 2 %) mm (£ 2 %) b c
0 0,001 7 06VYto1,7 0,40 0,40 3,7 3,7
1 0,008 5 1,710 8,5 0,60 0,60 3,7 3,7
2 0,027 5,4 to 27 0,80 0,80 3.7 3,7
3 0,065 13 to 65 1,00 1,00 3)7 3,7
4 0,14 28 to 140 1,20 1,20 3,7 3,7
5 0,35 70 to 350 1,50 1,50 3,7 3,7
6 1,0 200 to 1 000 2,00 2,00 3,7 3,7
7 2,6 520 to 2 600 2,50 2:50 3,7 3,7
8 53 1 060 to 5 300 3,00 3:00 3,7 3,7
9 9,9 1980 to 9 900 3,50 3,50 3,7 3,7
10 17 3 400 to 17 000 4,00 4,00 3,7 3,7
1) 350 s minimum flow time; 200 s minimum flow time for all other sizes.
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Annex B
(normative)

Suspended-level viscometers

B.2.2.1 Charge the Ubbelohde and Cannon-
Ubbelohde viscometers by tilting the instrument

Suspended-level
BS/IP/SL(S), BSY
Atlantic, Cannon
semimicro desi
suspended-level
pended in the c3
suspension ensy

viscometers include the BS/IP/SL,
[IPIMSL, Ubbelohde, FitzSimons,
Ubbelohde, and Cannon-Ubbelohde
gns. The distinctive feature of
viscometers is that the liquid is sus-
pillary which it fills completely. This
res a uniform driving head of liquid,

independent of fhe quantity of sample charged into
the viscometer, making the viscometer constant in-
dependent of temperature. By making the diameter
of the lower merpiscus approximately equal to the av-
erage diameter ¢f the upper meniscus, the surface
tension correctioh is greatly reduced. Suspended-level
viscometers argd used for the measurement of
kinematic viscosjties of transparent, Newtonian lig-
uids up to 100 000 mm?/s.

For the suspénded-level viscometers, detailed
drawings, size dgsignations, nominal viscometer con-
stants, kinematic| viscosity ranges, capillary diameters
and bulb volumets for each viscometer are shown.in
figures B.1 to B.9.

B.2 Operating instructions

A standard operating procedure, applicable to all glass
capillary kinematic viscometers,Zis contained in
SO 3104. Operating instructighsvfor the suspended-
level types are olitlined in B.2:1 to B.2.6 with empha-
sis on procedurgs that_are/specific to this group of
viscometers.

B.2.1 Select ar—eary—catibra y
which will give a flow time greater than 200 s or the
minimum shown in the appropriate table of dimen-
sions, whichever is greater.

B.2.2 Charge the viscometer in the manner dictated
by the design of the instrument, this operation being
in conformity with that employed when the instru-
ment was calibrated. If the sample is thought to con-
tain fibres or solid particles, filter through a 75 um
screen during charging.

22

about 30° from the vertical and pouring Slln‘ficient
sample through tube L into bulb A so that’when the
viscometer is returned to the vertical the menjscus is
between fill marks G and H, and tube P completely
fills without entrapping air. Mount.the viscometer in
the constant-temperature bath, keeping tube [L verti-
cal. To facilitate charging very-viscous liquids, [the vis-
cometer may be inverted ‘with tube L placed in the
sample. Apply vacuum@o tube N, closing tube M by
a finger or rubber stopper; draw sufficient sample into
tube L such thatafter wiping L clean and plaging the
viscometer in:the constant-temperature bath,|[bulb A
will fill as described above. The Cannon-Ublpelohde
semimicro<design omits marks G and H, since this
viscometer is designed both for semimicro [and di-
lution“use; pour sufficient sample through L into bulb
Alto ensure that capillary R and bulb C can be filled
as described in B.2.4.

B.2.2.2 Charge the BS/IP/SL, BS/IP/SL(S),
BS/IP/MSL and FitzSimons viscometers through tube
L with sufficient sample to fill bulb A, but not|bulb B.
The viscometer may be mounted vertically|in the
constant-temperature bath either prior to or fdllowing
charging of the sample into the viscometer.

B.2.2.3 Permanently mount the Atlantic visqometer

in the constant-temperature bath with the ¢nlarge-
ment S resting on the top-split collar, and the¢ lower
end of capillary tube R 25 mm from the bottom of the

sample. Slowly apply vacuum to tube N by turning the
three-way stopcock O to vacuum. Draw the sample
into the viscometer filling capillary R, timing bulb C,
and partially filling upper bulb D. Close stopcock O,
holding the sample in the viscometer. If only a small
sample is available, a short length of rubber-tipped
glass tubing can be placed in the beaker with the
rubber against the bottom of capillary tube R, and the
sample drawn up as above.
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B.2.3 Allow the charged viscometer to remain in
the bath long enough to reach the test temperature.
Because this time will vary for different instruments,
for different temperatures and for different kinematic
viscosities, establish a safe equilibrium time by trial
(30 min should be sufficient except for the highest
kinematic viscosities). One bath is often used to ac-
commodate several viscometers. Never add or with-
draw a viscometer while any other viscometer is in
use for measuring a flow time.

ISO 3105:1994(E)

B.2.5 Measure, to the nearest 0,1 s, the time re-
quired for the leading edge of the meniscus to pass
from timing mark E to timing mark F. If this flow time
is less than 200 s, select a smaller capillary vis-
cometer and repeat B.2.2 through B.2.5.

B.2.6 Repeat steps B.2.4 and B.2.5, making a
duplicate measurement of flow time. If the two
measurements agree within the determinability given
in ISO 3104 for the petroleum product being meas-
ured, use the average for calculating the kinematic

B.2.4 [EXcept for the Atantc viscometer which ar-
ready h@s the sample in position, close tube M with
the fingger and use vacuum (or pressure, if the sample
containg volatile constituents) to draw the sample
slowly through bulb C to about 8 mm above upper
timing mark E. Release vacuum from tube N and im-
mediately place a finger from tube M to tube N,
holding [the meniscus above timing mark E until the
lower 1mneniscus has dropped below the end of
capillaryl R in bulb B. Release finger and allow the
sample [to flow by gravity.

VISCOSITY.

B.2.7 Clean the viscometer thorolighly by several
rinsings with an appropfiate solyent completely
miscible with the sample,~followed by rinsing with a
completely volatile solvent. Dry thg viscometer by
passing a slow stream of filtered, dry air through the
viscometer for 2'min, or until the las{ trace of solvent
is removed. Theuse of alkaline cleaning solutions is
not recomfaended, as changes in|the viscometer
calibratiennmay occur.

23
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure B.1 — BS/IP/SL viscometer
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Table B.1 — BS/IP/SL — Dimensions and kinematic viscosity ranges

vil: :::'i:;:ler Kinematic viscosity Inside diameter Inside diameter Volume of bulb C
Size No. constant range of tube R of tubes E and P
(mm?[s)/s mm?/s mm (+ 2 %) ml (£ 5 %) (mm)
1 0,01 351t 10 0,64 5,6 281032
1A 0,03 6 to 30 0,84 5,6 2,810 3,2
2 0,1 20 to 100 1,15 5,6 2,81t03.2
2A 0,3 60 to 300 1,51 5,6 2,81t03,2
3 1,0 200 to 1 000 2,06 5,6 3,71t04,3
3A 3.0 600 to 3 000 2,74 5,6 461054
4 10 2 000 to 10 000 3,70 5,6 4,61t05,4
4A 30 6 000 to 30 000 4,97 5,6 5,6 to 6,4
5 100 20 000 to 100 000 6,76 5/6 6,810 7,5

1) 35d s minimum flow time; 200 s minimum flow time for all other sizes.
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Dimensions in milimetres
For tolerances on iengths, see 4.2
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Figure B.2 — BS/IP/SL(S) viscometer
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Table B.2 — BS/IP/SL(S) — Dimensions and kinematic viscosity ranges

Nominal . . Inside Inside Inside
. Kinematic . Volume of . .
. viscometer viscosity range diameter of bulb C diameter of diameter of
Size No. constant yrang tube R tube N tube at E

(mm?/s)[s mm?/s mm (+ 2 %) ml (£ 5 %) mm mm

1 0,000 8 1,05 M min 0,36 5,6 2,8t03,2 3

2 0,003 2121t 3 0,49 5,6 2,81t03,2 3

3 0,01 3,83 t0 10 0,66 5,6 2,81t03,2 3

4 ©-63 6-to-36 087 5-6 2-8-t6-3-2 3

5 0,1 20 to 100 1,18 5,6 2,810 3,2 3

6 0,3 60 to 300 1,65 5,6 2,8 to13,2 3

7 1,0 200 to 1 000 2,10 5,6 2840 3,2 4

8 3,0 600 to 3 000 2,76 5,6 28 t0 3,2 5

9 10,0 2 000 to 10 000 3,80 5,6 2,810 3,2 5

1) 1 3R0 s minimum flow time.
2) 604 s minimum flow time.

3) 380 s minimum flow time; 200 s minimum flow time for all other sizes!
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Dimensions in millimetres
For tolerances on lengths, see 4.2

| L-7
—A 1]
| - N-7
8 M-7
4
D
//
’7 @int.2t02.5
——
o=
N
N 71
< o]
[aa}
o
&
B (0,5 ml)
\_/ L
P-8
o
m A (4 ml)

1- 2 clearance

Figure B.3 — BS/IP/MSL viscometer

28


https://standardsiso.com/api/?name=6b68ca6ebd0beeede6427786e0d81cab

© ISO

Table B.3 — BS/IP/MSL — Dimensions and kinematic viscosity ranges

ISO 3105:1994(E)

Nominal

Inside diameter

Size No. vis::g::ter visclg:i:;n:at:;e” Insn;ife t:;f:‘: ter Volume of bulb C of tube; N and
(mm?/s)/s mm?/s mm (+ 2 %) ml (£ 5 %) mm
1 0,003 06to3 0,35 1,2 4106
2 0,01 2to0 10 0,45 1,2 4106
3 0,03 6 to 30 0,62 1.2 4106
4 01 Z0 10 100 0,81 VA 4to6
5 0,3 60 to 300 1,10 1,2 4106
6 1,0 200 to 1 000 1,45 1.2 4106
7 3,0 600 to 3 000 1,98 1.2 4106

1)

200| s minimum flow time for all sizes.
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure B.4 — Ubbelohde viscometer
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Table B.4 — Ubbelohde — Dimensions and kinematic viscosity ranges

ISO 3105:1994(E)

Nominal . S . . . . .
Size No. vls::g:::r Kmem:::: S;/;scosny Insffet::;n:ter Volume of bulb C In5|;ifetg|::1:ter
(mm?/s)/s mm?’/s mm (+ 2 %) ml (£ 5 %) mm (+ 5 %)
0 0,001 03Mto1 0,24 1,0 6,0
oc 0,003 061t3 0,36 2,0 6,0
0B 0,005 1t05 0,46 3,0 6.0
1 0,01 21010 0,58 4,0 6,0
1C 0,03 6 to 30 0,77 4,0 6,0
1B 0,05 10 to 50 0,88 4,0 6.0
2 0.1 20 to 100 1,03 4,0 6,0
2C 03 60 to 300 1,36 4,0 6.0
2B 0.5 100 to 500 1,55 4,0 6.0
3 1.0 200 to 1 000 1,83 4,0 6.0
3C 3.0 600 to 3 000 2,43 4,0 6.0
3B 5.0 1 000 to 5 000 2,75 4,0 6.5
4 10 2 000 to 10 000 3,27 4,0 7,0
4C 30 6 000 to 30 000 4,32 4,0 8.0
4B 50 10 000 to 50 000 5,20 5,0 8,5
5 100 20 000 to 100 000 6,25 5,0 10,0
1) 300|s minimum flow time; 200 s minimum flow time-for all other sizes.
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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a) One capillary

b) Two capillaries

Figure B.5 — FitzSimons viscometer
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Table B.5 — FitzSimons — Dimensions and kinematic viscosity ranges

Nominal viscometer

Kinematic viscosity

Inside diameter of

Volume of bulb C

Size No. constant range! tube R
(mm?[s)s mm?/s mm (+ 2 %) ml (£ 5 %)
1 0,003 0,6 to 3,0 0,43 3,0
2 0,01 2to 10 0,60 3,7
3 0,035 7 to 35 0,81 3,7
4 0,10 20 to 100 1,05 3,7
5 0,25 50 to 150 1,32 3.7
6 1,20 240 to 1 200 1,96 3,7

1)

20d s minimum flow time for all sizes.
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure B.6 — Atlantic viscometer
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Table B.6 — Atlantic — Dimensions and kinematic viscosity ranges

Nominal viscometer

Kinematic viscosity

Inside diameter of

Volume of bulb C

Size No. constant range tube R
(mm?[s)/s mm?/s mm (+ 2 %) ml (+ 5 %)
oC 0,003 075Mt03 0,42 3,2
0B 0,005 1tob 0,46 3.2
1 0,01 21010 0,56 3.2
1C 0,03 6 to 30 0,74 3.2
1B 0,05 10 to 50 0,83 3.2
2 0.1 20 to 100 1,00 3,2
2C 0.3 60 to 300 1,31 3.2
2B 0,5 100 to 500 1.48 3,2
3 1.0 200 to 1 000 1.77 3,2
3C 3,0 600 to 3 000 2,33 3.2
3B 50 1 000 to 5 000 2,64 3.2

1) 250 s minimum flow time; 200 s minimum flow time for all other sizes.
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Dimensions in millimetres
For tolerances on lengths, see 4.2
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Figure B.7 — Cannon-Ubbelohde (A) and Cannon-Ubbelohde dilution (B) viscometer
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Table B.7 — Cannon-Ubbelohde and Cannon-Ubbelohde dilution — Dimensions and kinematic viscosity

ranges
Size No. Nomlr‘:(a)ln\:ts::‘c;meter Kmema:tal:: gvelSCOSIty InS|detLiLaem:ter of Volume of bulb C
(mm?[s)[s mm?/s mm (+ 2 %) ml (£ 5 %)
25 0,002 05Mto2 0,31 1,5
50 0,004 0,8 t04,0 0,44 3.0
75 0,008 1,6 to 8,0 0,54 3.0
100 0,015 3to15 0.63 3.0
150 0,035 7 t0 35 0,78 3,0
200 0,1 20 to 100 1,01 3,0
300 0,25 50 to 250 1,26 3.0
350 0,5 100 to 500 1,48 3.0
400 1,2 240 to 1 200 1,88 3,0
450 2,5 500 to 2 500 2,25 3.0
500 8 1 600 to 8 000 3.00 3,0
600 20 4 000 to 20 000 3,75 3,0
650 45 9 000 to 45 000 4,60 3,0
700 100 20 000 to 100 000 5,60 3,0
1) 250]s minimum flow time; 200 s minimum flow time for all'other sizes.
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Figure B.8 — Cannon-Ubbelohde semimicro viscometer
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Table B.8 — Cannon-Ubbelohde semimicro — Dimensions and kinematic viscosity ranges

v:::;nni\r;::er . Kin-ematic Inside diameter Volume of bulb C :)nfsti::):si al\rl',“I!Et,eI;
Size No. constant viscosity range?) of tube R and P
(mm?/s)/s mm?/s mm (+ 2 %) ml (£ 5 %) mm
25 0,002 0,41t02,0 0,22 0,30 1,2t01,4
50 0,004 08to4 0,256 0,30 1,2t01,4
75 0,008 161t08 0,30 0,30 1,2t0 1,4
1 0,075 310 1D 0,30 0,30 1.2to 1,4
150 0,035 7 to 35 0,47 0,30 1,2t01,4
200 0.1 20 to 100 0,61 0,30 1,4t01,7
300 0,25 50 to 250 0,76 0,30 1,5t01,8
350 0.5 100 to 500 0,90 0130 1,81t022
400 1,2 240 to 1 200 1,13 0,30 2,1t025
450 2,5 500 to 2 500 1,40 0,30 241028
500 8 1 600 to 8 000 1,85 0,30 2,7 to 3.1
600 20 4 000 to 20 000 2,35 0,30 3,7t04,0
1) 200|s minimum flow time for all sizes.
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Figure B.9 — DIN Ubbelohde viscometer
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