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3.2
Newtonian flow
behaviour where the shear viscosity is independent of shear rate, shearstress and time

3.3

non-Newtonian flow

behaviour where the shear viscosity is dependent either on shear rate and shear stress or on shear rate,
shear stress and time

3.4

Kinematic viscosity

v

ratio of shear viscosity and density

Note 1 to entry: The kinematic viscosity v hasthe unit square metres per second (m2-s-1),

4 Temperature considerations

Temperature and humidity are important parameters affecting test results. Deviations from the
requirements specified can lead to results that are not comparable. However, the interested parties
may agree upon alternative parameters and these parameters shall be reported.

The effect of temperature on flow time is highly significant with respect to@pplication properties and
varies with the typeof product.

For referenee purposes, (23,0 + 0,5) °C is specified as the test temperature in this document. However,
it might be more convenient to carry out comparative testing at same other agreed temperature (for
example, 25 °C) because of prevailing temperature conditions (see also Annex B).

For tontrol by flow time, the test sample and flow cup shall be conditioned to an agreed or specified
temperature and it shall be ensured that the temperature variation does not exceed 0,5 K during
testing. The flow cup shall be in a place which is free from draughts.

If testing is conducted in a fume cupboard and(the air suction is left on, this shall be noted in the

test report.

5 Apparatus
5.1 Flow cups

5.1.1 Dimensions

The dimensions of the 4SO flow cups and the tolerances allowed in manufacture shall be as shown in

Figure 1.

NOTE The mosk critical tolerance is the internal diameter of the jet of the flaw cup, because the flow time is
inversely proportional to the fourth power of this dimension.

5.1.2 "Material

The jet of the flow cup shall be made of stainless steel or sintered carbide, and the body of the flow cup
shall be made of a material which is corrosion-resistant and is not affected by the products to be tested.

5.1.3 Construction
The dimensions not specified, such as wall thickness, shall be such that no distortion of the flow cup

can occur in use. The external shape should preferably be as shown in Figure 1, but may be modified for
convenience of use, or manufacture, provided that the protruding jet of the flow cup is protected from

2 @ IS0 2019 - All rights reserved
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accidental damage as far as possible by an external protective sleeve.Such a protective sleeve shall not
be immediately adjacent to the jet, so as to prevent any capillarysaction when the material under test
flows out.

Flow cups having an additional jacket for temperature conttol are preferred.

5.1.4 Finish

The interior surfaces of the flow cups, including the orifice, shall be smooth and free from turning
marks, crevices, ledges and burrs which might cause random flow or trap sample or cleaning material.

The standard of finish required is equivalent to a maximum roughness Ra (as defined in [SO 4287) of
not more than 0,5 pm.

Dimensions in millimetres
Roughnessin micrometres
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a  Sharpédge (not rounded).
Valuesb for the flow cups given
Dimension | 3.mm (No3) | 4-mm(No4) | 5-mm(No5) | 6-mm (No6)
flow cup flow-cop flow cup flow cup
A 63 62,7 62,4 62,1
B 3 3 5 (i)
C 5 6 7 8
b Fortolerances, see the enlarged section of the jet.
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5.1.5 Measurement range

Flow cups shall be used within the measurement range given in Table(l, Meaningful data can only be
obtained in this range. In addition, the conversion of flow time to kinematic viscosity and vice versa,
shall be carried out using the formulae given in Table 1.

Table 1 — Measurement range of flow cups and conversion of flow time to kinematic viscosity
and vice versa

Flow cup Flow time, ¢ Kinematic viscosity, v Measurement range
§ mm2/s 5
: 200
No 3 t=— 4 J451.54| —=2 v=0,443%t —— 30 <t< 100
89 .89 t
% 200
el t=——+ 146.D+[L] v=1,37xt-— 30 < £< 100
] » I'

v b 200
No 5 t=-——+Jﬁ‘?,1+ v=3,28xt-— 30<t<100
6.56 [6,56 ] t
v ’ v ¥ 570
No 6 t=——+,[B2,6+| — v=6,90xt—-—— 30=t=100
13,8 [13.3 ] t

The curves corresponding to the formulae given in Table 1 are plotted in Figure 2.

NOTE These curves are given for information only.

4 @ IS0 2019 - All rights reserved
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Figure 2 — Conversion curves for 3-mm, 4-mm, 5-mm and 6-mm flow cups

5.1.6 Marking
Each flow cup shall have the following inscriptions permanently and legibly marked on it:
a) designation of flow cup:
Flow cup 1502431, No 3, No 4, No 5 or No 6;
b) mamifacturer’s identification number;

¢) manifacturer's name or trade mark.

5.1.7 Care and checking of flow cups

Clean the flow cup immediately after use and before the sample starts to dry, using a suitable solvent.
Never use metal tools or a wire scourer for cleaning purposes. If the orifice becomes contaminated with
dried deposits, soften these with a suitable solvent and clean carefully, for example with a soft cloth
pulled through the orifice.

Check the flow cups periodically for wearand tear using one of the procedures specified in Annex A.

@ 150 2019 - All rights reserved 5
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5.2 Supplementary apparatus

5.2.1 Thermometer, graduated at intervals of 0,2 °C or finer.

5.2.2 Stand, suitable for holding the flow cup and provided withlevelling screws.
5.2.3 Spirit level, preferably of the circular type.

5.2.4 Flat glass plate with rounded edges or straight-edge scraper.

5.2.5 Stopwatch, or other suitable timing-device, with scale divisions of 0,2 s or finer.

5.2.6 Temperature-controlled room orenclosure, capable of maintaining the flow cup and sample
at a recommended, constant temperature (see Clause 4).

NOTE This will not be needed if the flow cup has a jacket for temperature control.

6 Sampling

Take a representativé. sample of the material to be tested, as described ip, ISO 15528. Examine and
prepare the samplefor testing, as described in ISO 1513,

A sample of 150.ml is sufficient for carrying out one test. Take careto mix the material thoroughly,
while at the Same time avoiding, as far as possible, loss of solvent by evaporation.

7 Procedure

7.1 Preliminary check for Newtonian flow
7.1.1 Choose a flow cup that will give a flow time of between 30 s and 100 s for the test material.
7.1.2  Determine the flow time as specified.in 7.2.

7.1.3 Repeat the determination, but this time allow the material to remain in the flow cup for 60 s
before removing the finger used to'close off the orifice (see 7.2.4).

7.1.4 If the second result differs from the first result by more than 10 %, the material shall be deemed
to be non-Newtonian and therefore unsuitable for consistency control by flow timé measurement.

7.2 Determination of flow time

7.2.1 Choice of flow cup

Choose aflow cup that will give a flow time of between 30 s and 100 s for the test material.

7.2.2 Temperature adjustment

Adjust the temperature of the sample, and the flow cup, to (23,0 # 0,5) °C, or to an alternative agreed

temperature (see Clause 4).

If the temperature-controlled enclosure (5.2.6) is'used, it is advisable to condition the flow cup and the
sample by placing them in the enclosure befare use.

6 @ IS0 2019 - All rights reserved






1SO 2431:2019(E)

where

ISO 2431 is the number of this document;
5 is the designation number of the flow cup used;

65 is the flow time, in seconds.

9 Precision

9.1 General

An interlaboratory test was planned and“executed, and the results evaluated, in accordance with
IS0 5725-2. 11 laboratories participated in the test. Liquids were tested using 4 mm and 6 mum flow
cups. Except for the varnish when tested using the 6 mm flow cup, the liquids showed Newtonian
flow behaviour. The flow behaviout of the varnish when tested using the 6 mm flow cup was nearly
Newtonian, but, when the preliminary check specified in 7.1 was carried out, the second result did not
differ from the first result by more than 10 % (see 7.1.4).

9.2 Repeatability limit, r

The value below which the absolute difference between two single test résults, each the mean of
duplicates, obtaited on identical material by one operator in one laboratory within a short interval
of time using-the standardized test method, might be expected to lie with a 95 % probability is
approximateély 2 s.

Details-of the results are given in Table 2.

Table Z — Repeatability limit, r

feathieuld Orifice didmeter Mt;::l y:r:il::; of Repeatab:lity limit
mm s s
Engine oil 4 55 1.3
Varnish, based on organic solvents 4 56 1,7
Engine oil 6 60 2.6
Varnish, based on organic solvents 6 43 ' M

9.3 Reproducibility limit, R

The value below which the absolute difference between two single test results, each the mean of
duplicates, obtained by'operators on identical material in different laboratories using the standardized
test method, might be expected to lie with a 95 % probability is approximately 3 s for the 4 mm flow
cup and approximately 6 s for the 6 mm flow cup.

Details oftheresults are given in Table 3.

8 @ IS0 2019 - All rights reserved
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Table 3 — Reproducibility limit, R

Orifice diameter Mban vtallt:lliofﬂuw Rep“:‘iinl:?:hmty
Test liquid R
mm s s
Engine oil 4 55 2,2
Varnish, based on organic solvents 4 56 3,2
Engine oil 6 60 39
Varnish, based on organic solvents 6 43 55

10 Test report
The test report shall include at least the following information:
a) all details necessary to identify the product tested;

b) a reference to this document (150 2431:2019) and to the designation (Ne-3, No 4, No 5 or No 6) of
the flow cup used;

¢) the manufacturer's identification number of the flow cup used;

d) the temperature of testing;

e) the flow time (for referee purposes, individual values shall also be reported);
f) “any deviation, by agreement or otherwise, from the test procedure described;
g) any unusual features (anomalies) observed during the test;

h) the date of the test.

@ 150 2019 - All rights reserved 9
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Annex A
(normative)

Checking flow cups for wear and tear

A.1 General

To monitor wear and tear, [low cups should be'checked regularly with one of the two methods in defined
intervals, e.g. every six months. In method A, the flow cup is checked by using a certified reference
material (CRM) or reference material (RM) (see ISO Guide 30). In method B, the flow cup is checked
against a certified flow cup.

A.2 Standards required

A.2.1 Certified Reference Material (CRM), comprising a standard Newtonian oil of known kinematic
viscosity and known shelf life.

A.2.2 Reference Material (RM), comprising e.g. a commercially available'engine oil or other substance
with a kinemati¢viscosity determined by testing representative subsamples at least three times, utilizing
an instrument previously verified using a CRM, statistically analysing the results and, after the removal of
any outliers; calculating the arithmetic mean of the results.

Store RMs in containers which will retain the integrity of the RM, out of direct sunlight, at a temperature
not exceeding 10 °C.

An RM may be used up to three times. It shall then be tempered and allow to stand for devolatilization
for at least 3 h.

A.2.3 Flow cup, certified.

A.3 Method A — Checking using a CRM or RM

To check a particular flow cup, use.a CRM or an RM of known kinematic viscosity at (23 £ 0,2) °C. Choose
a CRM or RM with a flow time which is in the range 30 s to 100 s, and preferably near the midpoint of
this range, for the flow cup concerned.

Condition the CRM or RM, and the flow cup being checked, at (23 £ 0,2) °C for at least 2 h. Determine the
flow time of the CRM or RM, following the procedure specified in Clause 7,to the nearest 0,2 s.

Carry out the determination three times.

Calculatethe mean value of the three determinations and, using the appropriate formula in Table 1, the
kinematicviscosity of the liquid as given by the flow cup.

Caleulate the deviation between the certified and the measured viscosity using Formula (A.1):

v, —v._, x100
ﬂ.l.-"=( m Ce) [A.I]

v e

10 @ IS0 2019 - All rights reserved
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where

Av is the deviation between the certified and the measured.viscosity, expressed as a percentage;
vm is the viscosity calculated from the flow time measured, in square millimetres per second;
Vee is the viscosity of the CRM or RM, in square millimetres per second.

If the two values of the calculated kinematic viscosity obtained do not differ by more than 3 %, the flow
cup is deemed to be satisfactory for use.

NOTE When using an RM, instead of calculating the kinematic viscosity the flow times measured eai’ be
used directly to calculate the deviation, expréssed as At [see Formula (A.2)].

A4 Method B — Checking using a certified flow cup

To check a particular flow cap, use a certified reference flow cup of the same type. Choose an RM with a
flow time which is in the range 30 s to 100 s, and preferably near the midpoint of this range, for the flow
cup concerned.

Condition the certified reference flow cup, the flow cup being checked andthe RM in a temperature-
controlled enclosure at a temperature between 20 °C and 25 °C for at least 2 h. During this conditioning
and the subsequent flow time measurement, the temperature shall.rémain constant to within £0,2 °C.
Determine the flow time of the RM, following the procedure specified in Clause 7, to the nearest 0,2 s.

(Zen'r;u{r out'the determination three times. Calculate the result asthe mean of the three determinations.

Calculate the deviation between the flow time given by the certified reference flow cup and that given
by the flow cup being checked, using Formula (A.2):

ta —t. }x100
M=(Lh \‘.E} {A.E}

t o

where

At is the deviation between the flow time given by the certified flow cup and that givern'by the flow
cup being checked, expressed as a percentage;

teh is the flow time determined with the flow cup being checked, in seconds;
tee is the flow time determined with the certified reference flow cup, in seconds.

If the two values of the determined flow times obtained do not differ by more than 3 %, the flow cup is
deemed to be satisfactory for use.

@ 1SO 2019 - All rights reserved 11



1SO 2431:2019(E)

Annex B
(informative)

Conversion of flow times from one temperature to another

If the flow time cannot be measured at the specified temperature, it is necessary to convert it from
the measurement temperature. This annex describes an interpolation method for the conversion. The
method is not suitable for the extrapolation of data outside the defined temperature range.

Vogel's equation is a well-proven and frequently used approximation of the viscosity/temperature
behaviour of paints. It is given, for flow times, by Formula (B.1):

Int=A+

B.1
T+C L)

in which the constants A, B and € are given by Formula (B.2) to (B.4):
{]I‘I Ei ~In r3 )(TI ‘Tg ]T3 —|:I]'l ri —In rz }(Tl —T3 ]Tz

o (Inty ~Int, )(Ty T3 )—(Int; ~Int3 )(T; -T3) B

W (Tl +C}in 'tl —I:T-z +ﬂ')!n tz
(T3 -T3)
B&(T, +C)(Int, - A) (B4)

(B.3)

where

T isthe temperature, in degrees Celsius;

T1 is the lower temperature limit, in degrees Celsius;

T2 isthe temperature in the middle of the range, in degrees Celsius;

T3 is the upper temperature limit, in degrees Celsius;

t1 isthe flow time, in seconds, at temperature Ty;

tz is the flow time, in seconds, at temperature T7;

ts is the flow time, in seconds, at temperature T3.
The conversion of flow times from one temperature to another only givesreliable results if
— the chosen'temperature range T3 - T1 is <20 °C;
— the conversion does not involve extrapolation outside the defined temperature range.

If the constants A, B and € are known (for an example, see Table B.1), the interpolation data within
the interval from T1 to T3 can be calculated using Formula (B.1) and tabulated (for an example, see
Table B.Z). Additionally, the data can be plotted as an interpolation curve (for an example, see

Figure B.1).

12 @ IS0 2019 - All rights reserved



Table B.1 — Calculation of the constants A, B and C
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Key
t
T

Temperature Flow time
oC 2 Calculated values of A, Band €

T 16 1] 62 A 3,641

T2 23 t2 54 B 8,552

T3 30 L3 50 ¢ 1,609

Table B.2 — Interpolated values of flow time between the three base values
Temperature Flow time
0 5
16 62,0
17 60,4
18 59,0
19 57.8
20 56,7
21 55,7 .
22 54,8
23 54,0
24 53,3
25 52,6
26 52,0
27 51,4
28 509
29 50,4
30 50,0
t
65
60 RN
\"h.__“.
\“h—"‘h
55 —
—
e —
50 —

45 -
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

flow time, in seconds

temperature, in degrees Celsius

T

Figure B.1 — Example of relationship between flow-time ¢t and temperature T
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