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Foreword

1SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with 150, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those i d for its further maintenance are
described in the ISO/1EC Directives, Part 1. In particula n\ral criteria needed for the
different types of 1SO documents should be noted. mﬁ 5 drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 {see

Attention is drawn to the possibility that snme?‘&@‘e]ements of this document may be the subject of
patent rights. 1SO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identifj uring the development of the document will be in the Introduction and/or
on the ISO list ofp 8IS received (see www.iso.org /patents).

Any trade na i'l-f'hls document is information given for the convenience of users and does not
constitute an e&nti' ment.

For an exgzmatmn of the voluntary nature of standards, thﬁggam ﬂtﬁ% specific terms and
expressions related to conformity assessment, as well as i ﬁ?’é\ about 1SO's adherence to
the World T‘rade Organization (WTQ) principles in the gee,bm Barriers to Trade (TBT) see
WWW.i word. l. ﬂkﬁ

This document was prepared by Technical Committee ISO/TC 35, Paints and varnishes, Subcommittee
SC 9, General test methods for %s and v,ﬁqishes.

This sixth edition canc E:F. the fifth edition (ISO 2431:2011), which has been technically
revised. The main Eﬁ

sgﬂ'ﬂiared to the previous edition are as follows: @.
— ageneral r%@é& to ISO 4618 has been added in Clause 3; Q(_.‘Eﬁ‘
— the information in Clause 4 on measuring at other temperature;ﬁ' ﬁltles specified in this

m““ﬁ

document has been amended,; ﬁﬂ-
WO
— Figure 1 has been corrected;
— information on conduction of measurements in a fume cupboard has been added to Clause 4.
S
Any feedback or questions on thi ﬂg'uld be directed to the user's national standards body. A
complete listing of these bpgh ) nd at
o
lﬂ'ﬁﬂ

W

iv @ IS0 2019 - All rights reserved
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Introduction

The first edition of this document, 1SO 2431, published in 1972, specified only one flow cup with an
orifice diameter of 4 mm. The second edition specified three flow cups with an orifice diameter of
3 mm, 4 mm and 6 mm. The third edition corrected errors in Figures 2 and 4 and the formulae for those
figures. The fourth edition specified four flow cups with an orifice diameter of 3 mm, 4 mm, 5 mm and
6 mm. In the fifth edition the curves in Figures 2 to 5 have been placed in a single figure (Figure 2)
and the formulae for the conversion of flow time to kinematic viscosity and vice versa represented by
the curves in these figures have been moved from the figure%a table (Table 1). The procedure for
checking the flow cups for wear and tear has been reyisgde cl ko alternative methods (one
using a certified reference material or secondary 3 a{vﬁﬁ‘le other using a certified flow
cup) and has been moved to an informative anne € hanges made in this sixth edition are
given in the foreword. ﬁﬂiﬁ

As is well known, many countries over the ygg"i‘s have developed their own standard flow cups and
the difficulty in correl betwe them has led to considerable confusion in comparing values. The
standardization ?m gn of flow cup has been recommended after careful consideration
of the role uf S fq'f measurement of the flow time of paints, varnishes and related products.

flow pr This effectively limits the practical use of flo Beless, for checking

Flow times a] lﬁﬁ}asure for sample viscosity only for products with g uman or near-Newtonian
purposes, these ﬂow cups do serve a useful purpose. Furth ement of flow time is

often used to confirm the application consistency. \ -{ﬁf“'

Paints often contain thickening agents to ensure 1ncreased y Such paints exhibit non-Newtonian
flow properties. Their viscosity during application ca be properly assessed using viscometers
such as that described in 1SO 3219,

Resins and varnishes cang«¥i8it Ne: ian or near-Newtonian flow at much higher viscosities than
most paints and, whe Ol Tow cups can provide a useful means of controlling the consistency.
As a result, this degilment pedetides flow cups suitable for viscosities up to ahuut 700 mmZ/s.

reduce the fl ime compared with that for an unstirred sample. s; uncertam and
variable flow time values are obtained with all the flow cups. The and reproducibility
limits given in Clause 9 cannot be achieved in the determination of thﬂﬁﬁ tlme of such materials.

With thixotropi %’ﬁﬁﬁﬂa]s, stirring or other such mechanical stress i %Eestmg will
ﬂ E!-'

@ 150 2019 - All rights reserved v
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Paints and varnishes — Determination of flow time by use
of flow cups

1 Scope

This document specifies a method for determining the flow time of paints, varnishes and related

products that can be used to control consistency. ﬁ"‘:’
Four flow cups of similar dimensions, but having olwg ) fg, mm, 4 mm, 5 mm and 6 mm, are
specified. Two methods for checking the flow cups ea{ﬂﬁ'& ear are given (see Annex A).

: ; v
Flow cups with a replaceable jet are not cuver%ﬂﬁﬁis document as the close tolerances on the supply
of the material under test to the jet are not me:

Commonly used dl #w C e also not covered by this document.

NOTE ab n to'Eerances for such flow cups are greater than those of the flow cups specified
in this ducu me determinations with dipping flow cups give a precigion which is lower than that
obtained wit mﬂ ow Cups specified in this document (see Clause 9). #

The me??l‘od described in this document is limited to testin
the flow from the orifice of the flow cup can be determined
determine and reproduce for materials with flow times near t
(100 s) due to slowing-down effects. ﬂkﬁa

ﬁg\ﬁnch the breakpoint of
inty. This point is difficult to

r limit of the measurement range

2 Normative referenc%'

The following docu ﬁ!lﬁd to in the text in such a way that some or all of their content
constitutes requﬁ%@ft 1s document. For dated references, only the edition cited applies. For
undated referenc E@ est edition of the referenced document (including endm%nég applies.

IS0 1513, P{?Mnd varnishes — Examination and preparation of test, H.Ea 1%":'3
ﬁw’

1S0O 4618, Paints and varnishes — Terms and definitions

IS0 15528, Paints, varnishes and raw materials for paints and varn'mles — Sampling

3 Terms and definitions
Faiton
For the purposes of this dog & Ms and definitions given in 1SO 4618 and the following apply.

1SO and IEC maintain te Eiﬂ"c&al databases for use in standardization at the following addresses:

)
— IS0 Online broqhﬂgplatfarm: available at https://www.iso.org /obp

— [EC Electropedia: available at

341

flow time

t

time that elapses from the moment when the material under test starts to flow from the orifice of the
filled flow cup to the moment when the flow stream of material first breaks off close to the orifice

@ IS0 2019 - All rights reserved 1
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3.2
Newtonian flow
behaviour where the shear viscosity is independent of shear rate, shear stress 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

34

kinematic viscosity

v

ratio of shear viscosity and density

Note 1 to entry: The kinematic viscosity v has the unit Squar‘c rﬁqﬁlec 11%? s-1).
t':“'
4 Temperature considerations
aﬂ‘
Temperature and humidity are important paﬂheters affecting test results. Deviations from the
requirements specified c ead to results that are not comparable. However, the interested parties
may agree upon alter @C&%’s and these parameters shall be reported.

The effect of t luw time is highly significant with respect to appllcatlun properties and
varies with the }@ﬁh roduct.

A9 oY

For referen®® purposes, (23,0 £ 0,5) °C is specified as the testt ucument However,
it might be more convenient to carry out comparative testmg agreed temperature (for
example, 25 °C) because of prevailing temperature conditions (see;&w

For control by flow time, the test sample and flow cup ﬂ%e 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 j {\fﬁﬁ&rd and the air suction is left on, this shall be noted in the
test report. oV
o\ (ST
5 Apparatuﬂ'i“ﬁe IQ(.% i}ﬂe“
' "@-’ ﬂ'-:"ﬁ
5.1 Flow cups ﬁ,ﬂ-{

WO
5.1.1 Dimensions

The dimensions of the ISO flow cups the &Qgrances allowed in manufacture shall be as shown in

Figure 1.

NOTE The most critical % ‘he internal diameter of the jet of the flow cup, because the flow time is
inversely proportional tn the 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 capillary action when the material under test
flows out.

Flow cups having an additional jacket for temperature control 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 r

not more than 0,5 pm.

Key
1

a

ghness Ra (as defined in ISO 4287) of

e,":"'
ﬁ’ 1;_'-; ﬁ'l- Dimensions in millimetres
E‘ Roughness in micrometres
®86 !‘.E"':
W
R 1,} / Ramax 0,5
5 < NN
= t*'*“ N Qz,‘iﬁ e
K \/Rama: 0.5 [ o 'ﬂ- ﬁg;"-'" 2 s
A K f - A ,é;"f- vi
A o P =, iﬂ'{“ P
] X We | t
N 120° B ™ i |
— B 1 g H |
=
t ; £ ‘l-..>
& |
~
| | \ Q(‘ | 1
'ﬁh .
1 W 1,;-.,5"‘- $8+ 0,01
AN ﬁﬂi | oL+ 01
=12 '!:h“ ! -
@50 X
ﬂ%i ;# ; s
1@« st
jet
Sharp edge (not @R-P
Values! for the flow cups given
Dimension | 3.mm (No3) | 4-mm (No4) | 5-mm (No5) | 6-mm (No 6)
flow cup flow cup flow cup flow cup
A 63 62,7 62,4 62,1
B 3 4 5 6
C 5 6 7 8
b For tolerances, see the enlarged section of the jet.

@ IS0 2019 - All rights reserved
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5.1.5 Measurement range

Flow cups shall be used within the measurement range given in Table 1. 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. Measurement range
s s s
2
No 3 Y T 1{5.\“ M 30 < <100
l89 lBg
'E-‘ ®

No4 ta— i 146,04+ — N e 302 t<100
2,74 2,74 t
—ﬁ— [l
*.. \}ﬂ - 2
w'ﬁ;: E g Jerayd T vi=3,285— 220 30<t<100
D 6,56 6,56

!
ae S
WO : @ T
No 6 t=L+ 82,6+ A v=6, 30<t<100
13,8
t

13,8

The curves corresponding to the formulae given in I@}aﬂf‘e plotted in Figure 2.

NOTE These curves are given for information only.

4 @ IS0 2019 - All rights reserved
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ﬁli Qﬁﬁ%anv&rsinn curves for 3-mm, 4-mm, 5-mm and 6-mmflow cups

L U

5
E- “1
5.1.6 arlting -séj.'i_, 1,1:

Each flow cup shall have the following inscriptions permanentlya !y marked on it:

a) designation of flow cup:

Flow cup ISO 2431, No 3, No 4, No 5 or No 6;

b) manufacturermdentl%ﬁﬁp "E'PM'
c) m::u‘n.lfelc:turfmﬁI ark

5.1.7 Care a Mng 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 wear and tear using one of the procedures specified in Annex A.

@ IS0 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 with levelling 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 E%cns of 0,2 s or finer.

e
5.2.6 Temperature-controlled room or enclosu ]g@fﬂlﬁ\taining the flow cup and sample
at a recommended, constant temperature (see i ﬁ"‘ﬂ
=
NOTE This will not be needed if the flow cup h et for temperature control.

6 Sampling —ﬁ% ﬂgﬁ"ﬁ

Take a repre iwﬁple of the material to be tested, as described in ISO 15528. Examine and
prepare the 5W'ﬂfﬂr testing, as described in ISO 1513.

° gt
A sampleﬁg'! 150 ml is sufficient for carrying out one test. Tak i aterial thoroughly,
while at the same time avoiding, as far as possible, loss of solve v ion,

a
7 Procedure thu*“’

7.1 Preliminary check fopNewtonian flow
ﬁ'iﬁﬁﬁ{g

7.1.1 Choosea ﬂ% e give a flow time of between 30 s and 100 s for the test material.
H ﬂe-:#’
st

7.1.3 Repeat the determination, but this time allow the material to rew;ﬁh the flow cup for 60 s
before removing the finger used to close off the orifice (see 7.2.4). '!:h“

7.1.2 De:enw&% ow time as specified in 7.2. Q(-'

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 time measurement.
5
#I v
7.2 Determination of ﬁ%ﬁ‘iﬁe
e
7.2.1 Choice of flow cﬁg“:ﬂ
O

Choose a flow 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 before use.

6 @ 150 2019 - All rights reserved
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The sample shall be considered ready for test immediately after all the air bubbles entrained during
the preparation procedure have dispersed. Carry out a final check that the temperature of the sample is
within 0,5 K of the agreed test temperature immediately prior to filling the flow cup.

7.2.3 Preparation of the flow cup

Place the flow cup on the stand (5.2.2), in a position free from draughts and, by using the spirit level
(5.2.3) and adjusting the levelling screws of the stand, ensure that the upper rim of the flow cup isina
horizontal plane.

7.2.4 Filling the flow cup

slowly to avoid the formation of air bubbles. If bu ]OW them to rise to the surface and

With the orifice closed by a finger, fill the flow cup wﬁk Eﬂ?buhhle-free sample, pouring
DI.'
remove them.

NOTE If the flow cup has heen properly 'twg‘ﬁﬁ'ﬁie samp!e will overflow evenly over the rim into the
gallery.

Remove any mem r by drawing the straight-edge scraper (see 5.2.4) over the entire
rim of the flg over the rim a flat glass plate with rounded edges so that no air bubbles
form bet &\g‘% nd the surface of the sample, subsequently drawing this plate horizontally
across the flow cup so that, when the plate is removed, the Iev%he sample coincides with
the to e flow cu

Ptﬂ P .ﬁtﬂﬂtﬁ
7.2.5 Measurement of flow time ‘ﬂ' ":ﬂ'

Place a suitable receiver under the flow cup so that t eaﬁlce bEtWEen the orifice of the flow cup
and the surface of the received sample is never less tﬂkﬁ;&ﬂﬂ mm. Remove the finger from the orifice
and simultaneously start the timing-device (5.2.5), stopping it as soon as the first break occurs in the
stream of sample close to l'h%iflte Regurd the rounded flow time to the nearest 0,5 s.

g‘ﬁ
7.2.6 Repeat A
Carry out a secaﬂ ermmatlon on another portion of the Drlgmally nd check
carefully th“,,lh temperature of testing is within the prescrlbed rd w time to the
nearest 0,5 s. Calculate the mean of the two determinations. ﬂ'-:'"'

If the two determinations differ by more than 5 %, carry out ﬁﬂi’!"?determmanon If the third
determination and either of the previous determinations do nlﬁ\ﬁfﬁer by more than 5 %, discard the
outlier. Calculate the result as the mean of the two accepted determinations.

If the third determination does not provide this measure of agreement, the method of test is unlikely
to be suitable because of nonmﬁlﬁ behaviour, and consideration shall be given to other
methods of test, e.g. to m . Eosity using a rotational viscometer.
léﬁt s
A\l
8 Marking of &@dﬂfg tested

The product tested may be marked with a marking indicating the results of the test.

If such a marking is made, it shall comprise a reference to this document, the designation number of the
flow cup used and the flow time, in seconds. For example,

ISO 2431 -5-65

© 1SO 2019 - All rights reserved 7
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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 ﬁ% e’“ﬁ

An interlaboratory test was planned and execute@ ts evaluated, in accordance with
ISO 5725-2. 11 laboratories participated in the test ere tested using 4 mm and 6 mm flow
cups. Except for the varnish when tested usin m flow cup, the liquids showed Newtonian
flow behaviour. The flow behaviour of the var when tested using the 6 mm flow cup was nearly
Newtonian, but, when the ellmlnar check specified in 7.1 was carried out, the second result did not
differ from the first rﬂ[ han 10 % (see 7.1.4).

9.2 Repeaﬁl%l\ﬁtt,

The valu ﬂ&v which the absolute difference between two sin % iach the mean of
duplicates, obtained on identical material by one operator m ra 1thm a short interval
of time using the standardized test method, might be expect ;&&L"’w:th a 95 % probability is

approximately 2 s. o aﬂfﬂ'
Details of the results are given in Table 2. th

,ﬁ Table 25— Repeatability limit, r
Mean value of Repeatahility limit
Tes tﬂ‘ﬁ' ﬁgﬂ:ﬂ Orifice diameter Wiy Himae

mm 5 . 1&' 'I:ELE'
. S —

Engine oil 4 ‘ﬁ K

Varnish, based on organic solvents 4 < 1.7

Engine oil 6 _ﬁ&nﬁ" 2,6

Varnish, based on organic solvents 6 4 1,7

9.3 Reproducibility limit, R

The value below which th ‘ﬁm nce between two single test results, each the mean of
duplicates, obtained by o ntical material in different laboratories using the standardized

test method, might be ex @ lle with a 95 % probability is approximately 3 s for the 4 mm flow
cup and approximate% r the 6 mm flow cup.

Details of the results are given in Table 3.

8 @ IS0 2019 = All rights reserved
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Orifice diameter N v:'it:::;ofﬂuw Repu:?nl']i‘i::mmy
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 5.5
2 F o
10 Test report ﬁ, g\'_";
tlon:

The test report shall include at least the Fol]nwing&ﬁ

a)
b)

' xe™

¢) theman %aglib'}r s identification number of the flow cup used;

the E'Pnperatu re of testing;

e) the flow time (for referee purposes, individual values shall

all details necessary to identify the prudmﬁested
r{ﬁgﬁﬁo 2431:2019) and to the designation (No 3, No 4, No 5 or No 6) of

K

RN et
ﬁﬁ‘bported].

f) any deviation, by agreement or otherwise, from thqﬁ@?&c&dure described;

the date of the test.

wote

@ 150 2019 - All rights reserved
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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 regu h Fthe two methods in defined
intervals, e.g. every six months. In method A, the i w by using a certified reference
material (CRM) or reference material (RM) (see IS di\%ﬁ}: n method B, the flow cup is checked
"

against a certified flow cup. X
wol®
A.2 Standards req%d

e
A2.1 Ce fel aterial (CRM), comprising a standard Newtonian oil of known kinematic
viscosity and ‘-El ife.

et
A2.2 Iﬂ@rence Material (RM), comprising e.g. a commerciall; ﬁen 'ﬁbﬁr other substance
with a kinematic viscosity determined by testing representative ast three times, utilizing
an instrument previously verified using a CRM, statistically analysin sults and, after the removal of

any outliers, calculating the arithmetic mean of the results, 'ﬁﬂ'{

(A ]
Store RMs in containers which will retain the integrity oﬂ’l‘ie RM, out of direct sunlight, at a temperature
not exceeding 10 °C.

An RM may be used u a{*ﬂig&gﬁﬂ’ﬁal] then be tempered and allow to stand for devolatilization
for atleast 3 h. & i

A%
EIORCS
A2.3 Flow cup, j@hiied . %‘g‘ ﬂgﬁtﬁl
i .,éin.‘le(-u e
D— AR
A.3 Method A — Checking using a CRM or RM ﬁa.;ﬁ
To check a particular flow cup, use a CRM or an RM of known kinenﬂ't?c 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 thet b&"qca'checked. at (23 £0,2) °C for at least 2 h, Determine the
flow time of the CRM or R @‘ {ﬁﬁ&bmt&dure specified in Clause 7, to the nearest 0,2 s.
0o

Carry out the determinatfancehrée times,

Calculate the mean ﬂ'h?e of the three determinations and, using the appropriate formula in Table 1, the
kinematic viscosity of the liquid as given by the flow cup.

Calculate the deviation between the certified and the measured viscosity using Formula (A.1):
vV, =V, |x100
A;,-:(’"‘—") (A.1)

VCE

10 @© 1S0 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 can be
used directly to calculate the deviation, expressed as At [see ] S
AL

ﬁ.,e
A.4 Method B — Checking using a cerﬁﬂ@&ﬁﬁfp

To check a particular flow cup, use a certified r- ﬁp ﬁﬂ:e flow cup of the same type. Choose an RM with a
flow time which is in the range 30 s to 100 s,a referably near the midpoint of this range, for the flow
cup concerned. S

‘ "
Condition the q?_lﬁre e flow cup, the flow cup being checked and the RM in a temperature-
controlled e mperature between 20 °C and 25 °C for at least 2 h. During this conditioning

and the subs u¢|‘:ﬁ ow time measurement, the temperature shall remajggonstant to within £0,2 °C.
Determi d& time of the RM, following the procedure speci @. ﬁthe nearest 0,2 s.
Carry out the determination three times. Calculate the result éﬁe he three determinations.

Calculate the deviation between the flow time given by the&gﬂﬁed reference flow cup and that given
by the flow cup being checked, using Formula (A.2): ﬂ"-ﬁ

(tm tce]xl[][]

e o
where 'ﬁ

At is thwﬁm between the flow time given by the certified fl wﬁl en hy the flow
cup being checked, expressed as a percentage; '{k
teh is the flow time determined with the flow cup being che&vﬁﬁﬁiecunds,

tee is the flow time determined with the certified reference flow cup, in seconds.

If the two values of the determined flow times ubtamed do not differ by more than 3 %, the flow cup is
dt f; fi b
deemed to be satisfactory for u ﬁ# eW

P

w-‘f"”“ﬂ
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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 defiped temperature range.

Vogel's equation is a well-proven and frequently used
behaviour of paints. It is given, for flow times, by

%@ﬂ-ﬁe viscosity/temperature

i ..:\3.

5 KU
aet (B.1)

T+C ‘H"“

in which the constants 4, dcC ara%'g'en by Formula (B.2) to (B.4):

e (Inty 'ﬁl_&ﬁwﬁﬁ" ty=Inty )(T; -T3)T, (B.2)
(Int Efﬁ‘)ﬁ—ra]—{ln:, ~Inty )(Ty -T») ﬁ.‘#’
_(TpA®)Int, (7, +C)Int, t{\.‘-ﬁ
o) ﬁﬁm*‘“ e
B=(T,+C)(Int, - A) uae,i“ (B.4)

W

Int=A+

where

S
T is the temperatu. :@%&&%ﬁus:

T1 isthe Iower:@u m&ﬁié' limit, in degrees Celsius; ‘ﬁ- xS
& »
T2 isthe t%ﬂature in the middle of the range, in degrees Celsius; Q(:iﬁ' ﬁﬂeﬁ
. 2 : ﬂ ﬂ".’l-ﬁ
T3 is the upper temperature limit, in degrees Celsius; {.ﬁ".
ﬁﬂ-

t1 isthe flow time, in seconds, at temperature Ty; '!:h“
t2 is the flow time, in seconds, at temperature T'y;
tz isthe flow time, in secun‘ds n@peaﬁu‘i T3
The conversion of flow ti Q‘i wE¥hperature to another only gives reliable results if
— the chosen temperatut&ﬁﬂ}% - T1is 520 °C;
— the conversion dugg'r?ot involve extrapolation outside the defined temperature range.

If the constants A, B and C are known (for an example, see Table B.1), the interpolation data within
the interval from T; to T3 can be calculated using Formula (B.1) and tabulated (for an example, see
Table B.Z2). Additionally, the data can be plotted as an interpolation curve (for an example, see

Figure B.1).
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Table B.1 — Calculation of the constants A, Band €

Temperature Flow time
oC Calculated values of 4, Band €
H
Ti 16 t 62 A 3,641
T2 23 t2 54 B 8,552
T3 30 t3 50 C 1,609

Table B.2 — Interpolated values of flow time between the three base values

Temperature Flow time
°C 5
16 : ﬁ' ii ™ '
17 E%g . ﬂﬁﬂ' '!50,4
18 ok 59,0
19 ﬂh’“u- 57,8
20 56,7

» .
Pt =

23 54,0

0
ﬂnﬂﬁt‘ 24 53, 3L b | S
25 ﬁ%ﬁﬂ e
26 3 {.E&l':
27 A (TS
28 MOV 509
29 50,4
; 30 50,0
t ) .Eﬁ: ™
{ash R
L = e L]
-‘.‘\ i a
60 T
T
~ e\
55 de: .
’#'—e" =
_;':L had h-__""‘---
50 ]
by **
'1 *
L%
45

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

Key
t flow time, in seconds
T temperature, in degrees Celsius

Figure B.1 — Example of relationship between flow-time ¢ and temperature 7
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