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Foreword

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

Part 2:
General principles of rotational and oscillatory rheometry
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3.1
mea
spad

copeE
document specifies the general principles of rotational and oscillatory rheometry.
iled information is presented in Annex A. Further background information is.covered in
5 of the [SO 3219 series, which are currently in preparation.
Normative references
titutes requirements of this document. For dated references, only the edition cited

8219-1, Rheology — Part 1: General terms and definitions for rotational and oscillatory rhé

Terms and definitions

the purposes of this document, the terms\and definitions given in ISO 3219-1 and tH
.

ind [EC maintain terminological databases for use in standardization at the following a

SO Online browsing platform: ‘available at https://www.iso.org/obp

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

suring gap
e between the boundary surfaces of the measuring geometry

width

subsequent

following documents are referred to in the text in such a way‘that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

rometry

e following

ddresses:

distance between the boundary surfaces of the measuring geometry

Note 1 to entry: The symbol h refers to a gap width that can be varied (e.g. plate-plate measuring geometry); the
symbol H refers to a gap width which is not variable and which is defined by the relevant measuring geometry.
H_ is the gap width of the coaxial-cylinders geometry. H, is the gap width of the cone-plate geometry.

Note 2 to entry: The distance between the boundary surfaces is given by the difference in the radii (coaxial
cylinders), the cone angle (cone-plate) or the distance between the two plates.

Note 3 to entry: In cone-plate measuring geometries, the gap width varies as a function of the radius across the
measuring geometry. The value H, is the distance between the flattened cone tip and the plate.
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3.3

flow field coefficient
geometric factor

k

quotient of the shear stress factor (3.9) k; and the strain factor (3.8) k,

Note 1 to entry: The flow field coefficient k relates the angular velocity 2 and torque M to the shear viscosity n of
the fluid as given by the following formula:

M
=k-—
1 [0

The flow fiel
and dimensi

3.4

no-slip condition

presence of]
layer

3.5

wall slip
presence of}
layer

3.6
relative me
measuring
calculated

Note 1 to e
seconds (Pa-
used.

3.7

absolute measuring geometry

measuring
exactly for

3.8

strain factor

ky

proportion:
geometries

Note 1 to ent
The latteris

H coefficient k is expressed in radians per cubic metre (rad-m=3). It can be calculated from the §
bns of an absolute measuring geometry (3.7).

a relative velocity of zero between a boundary surface and the immediately adjacent

a non-zero relative velocity between a boundary surface and the'immediately adjacent

basuring geometry

try: For relative measuring geometries, the wiscosity shall not be given in pascal multiplig
5) except in the case of plate-plate measuring geometries if the correction referred to in 6.3.3.

beometry for which the flow profile and thus the rheological parameters can be calcul
he entire sample, regardless of its flow properties

1lity factor between the angular deflection ¢ and shear strain y for absolute measy
[3.7)

ry: Théabsolute value of the strain factor corresponds to the absolute value of the shear rate fz
theproportionality factor between the shear rate ¥ and the angular velocity Q.

hape

fluid

fluid

geometry for which the flow profile and thusthe rheological parameters cannot be

d by
1.2 is

ated

ring

ctor.

Note 2 to ent
test.

Note 3 to entry: The strain factor k,, has units of reciprocal radians (rad-1).

39

shear stress factor

k

T
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proportionality factor between the torque M and the shear stress t for absolute measuring geometries

(3.7)

Note 1 to entry: The shear stress factor k, has units of reciprocal cubic metres (m-3).
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4 Symbols
Table 1 — Symbols and units
Meaning Symbol Unit
Absolute value of the complex shear modulus G* Pa
Absolute value of the complex viscosity n* Pa:s
Acceleration of the angular deflection ¢ rad-s—2
Amy litude of the nngnlar deflection of the motor ‘f"‘KA 5 rad
: : N : N
Amplitude of angular deflection of torque transducer P ,\Qq/ rad
Amplitude of the angular deflection ‘ ,V rad
Amplitude of the angular velocity %0 i rad-s~1
Amplitude of the shear rate 0:)[/ Yo sl
Amplitude of the shear strain O)(" % 1
Amplitude of the shear stress N - T Pa
Amplitude of the torque & -~ M, N-m
Angplar acceleration of motor Q\)‘ P rad-s2
Angplar acceleration of torque transducer S\Q\'\ ‘Pl; rad-s—2
Angplar deflection N\Q) [0 rad
Angplar deflection of motor $\'\ ‘plT/I rad
Angplar deflection of sample A‘\\O (p; rad
: Q .
Angplar deflection of torque transducer ‘ ,.\17\ o rad
Angllar frequency {-‘\\\) w rad-s1 or s~1
Angplar velocity across the measuringgzajp w(r) rad-s™1
Angplar velocity (presented in t@}%ts: as the time derivative of the angular 0, (9) rad-s~1
deflgction) fad
. 4 L% -1
Angplar velocity of motoLO . P rad-s
Angplar velocity of to%h‘;lransducer ‘PB rad-s~!
Coefficient ofbeaWriction Dy, N-m-s
Coefficient of %n D N-m-s
Complex %@ﬁr deflection 0" rad
Comlp ear modulus G Pa
e
Compfextorque M N-m
Complex viscosity n* Pas
Cone angle a °orrad
Deflection path s m
Drive loss factor tan{ 1
Drive phase angle ¢ rad
Face factor L 1
Flow field coefficient, geometric factor k rad-m3
Frequency f Hz
NOTE The parameters marked with an * refer to complex-valued parameters whose real part is denoted by ' and
imaginary part by "

© IS0 2021 - All rights reserved 3
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Table 1 (continued)

Meaning Symbol Unit
Gap width h m
Gap width defined by the coaxial cylinders geometry H. m
Gap width defined by the cone-plate geometry H, m
Geometry compliance Ce rad-(N-m)-1
Imaginary part of the complex viscosity n" Pa:s
Imaginary unit i 1
Loss angle, jpiraseangte 0] Tat
S
Loss factor tand ,\(}/
Moment of ipertia I _ U Nmes
Real part of|the complex viscosity n' L I pas
Rotational speed n n'\v s~ or mip!
Sample torque %OJV N-m
Shear force \\%\f N
Shear loss nmjodulus, viscous shear modulus \ G" Pa
Shear modujus /\<( G Pa
Shear plane ‘ QV A m?2
N ‘ -1
Shear rate factor ‘\0’ ky rad
Shear rate, dhear deformation rate N\Q) V4 s1
Shear storage modulus, elastic shear modulus \A\\ G’ Pa
Shear strairn, shear deformation ‘\\Q\‘ y 1or?
-~
Shear stress y\O T Pa
Shear stresq factor h k. m-3
Shear viscogity ()\\v n Pa's
Strain factof L k rad-!
S '
Temperaturp ,.O T °Cor K
Time r\\) t S
T >~ M N-
orque (f;g) m
* .
Torque appljed by motor Ze) My, N-m
Torque caused by beari iction ME N-m
N
Torque caused by t@sﬁucer inertia M N-m
S I
Torque mea ;lér/él‘y transducer M N-m
m
Torsional co fiTlance Of The measurement system C Tad-(N-m) !
Velocity v m-s~1
NOTE The parameters marked with an * refer to complex-valued parameters whose real part is denoted by ' and
imaginary partby ".

5 Measuring principles

5.1 General

There are rotational tests, oscillatory tests and various step tests. The different tests can be combined
with one another.

4 © IS0 2021 - All rights reserved
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These can be carried out using various measuring types: controlled deformation (CD), controlled rate
(CR) or controlled stress (CS).

5.2

Rotational rheometry

In the basic rotational test, the sample is subjected to constant or variable loading in one direction.
The shear viscosity n is calculated from the measured data. The corresponding mechanical input
and response parameters are listed in Tables A.1 and A.3. The basic parameters of the test can be
represented schematically in terms of the two-plates model. An infinitesimal element of the measuring
geometry is con51dered in this subclause (see Flgure 1). The two-plates model consists of two parallel

res

diffgrent velocities of between v=0 and v.

Key

o > > < R

Figure 1 — Two-plate model with a'simplified schematic representation of the basic

With this model, the followingparameters are calculated using Formulae (1) to (3):

whete

Its in a velocity v. It is assumed that the sample between the plates consists of layers t

sample
velocity
Ehear plane
bap width
shear force

of a rotational test

r is the shear stress, in pascals;

ocated. The
ce F, which
hat move at

arameters

)

f'C~is the shear force, in newtons;

A isthe shear plane, in square metres.

=Y
"

where

Y isthe shear rate, in reciprocal seconds;
v is the velocity, in metres per second;

h isthe gap width, in metres.

© IS0 2021 - All rights reserved
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Based on the Newtonian law of viscosity, the shear viscosity can be calculated using Formula (3):

T
n=-—
Y

(3)

where 1 is the shear viscosity, in pascal multiplied by seconds.

5.3 Oscillatory rheometry

In the basic oscillatory test, the sample is stimulated with an angular deflection or torque amplitude at

a given os

illation frequency. The resulting response oscillates with the same frequency and is

characterizped by an amplitude and phase shift. The corresponding mechanical input and resppnse

parameters

are listed in Tables A.2 and A.3. Parameters such as the shear storage modulus & |(elpstic

shear modylus), the shear loss modulus G" (viscous shear modulus), the absolute value of fhe confplex

viscosity |11

the viscoeld
the test can|

| and the loss factor tan § can be calculated from the measured data in order.to eharactgrize

stic behaviour. The mathematical principles are presented in A.3. The hasic parametgr of
be represented schematically in terms of the two-plates model (see Figuré 2).

+S

Key
1 sample
s deflectign path
¢@ deflectign angle
A shear plpne
h  gap width
F  shear fofce
Figure 2 — Two-plate model with a simplified schematic representation of the basic paramdters
of an oscillatory test
With this miodel, the following parameters can be calculated using Formula (4):
s
=— 4

r=4 (4)

where

y  isthe shear strain, dimensionless;

s is the deflection path, in metres;

h isthe gap width, in metres.

© ISO 2021 - All rights reserved
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In the oscillatory test, the shear strain y varies sinusoidally as a function of time t, see Figure 3. The
associated shear stress 7 is shifted within the viscoelastic range by the loss angle § at the same angular

frequency w. Formulae (5) and (6) apply:
¥(t)=Y, sin(at) (5)

where

Yo isthe amplitude of the shear strain, dimensionless;

) ictha angular frnaianeyy 1 wadiane marcnennd
(0 IStteahgtthdrequeney; i aadhi s per—Secont;
I is the time, in seconds.
[ (t)=T,sin(wt+0) (6)

whele

[, Is the amplitude of the shear stress, in pascals;

5 is the loss angle, in radians.

hear strain
thearstress

Y
T
w  hngular frequency
t tmre

6

loss angle

Figure 3 — Schematic representation of the shear strain and shear stress functions for an
oscillatory test

NOTE Degrees (°) are commonly used in practice as the unit for the loss angle 6. The following conversion
applies: 2m rad = 360°.

In the case of ideal elastic behaviour (in accordance with Hooke’s law), the loss angle has a value
of 6 = 0° i.e. the shear strain and shear stress are always in phase. In the case of ideal viscous behaviour
(in accordance with Newton’s law), the loss angle has a value of § = /2 = 90°, i.e. the shear stress curve
is 90° ahead of the shear strain curve.

© IS0 2021 - All rights reserved 7
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Using Hooke’s elasticity law, the complex shear modulus G* and its absolute value |G*| can be calculated

using Formulae (7) and (8):

(7)

(8)

- 70
y(t)
where
G* is the complex shear modulus, in pascals;
G' isthe shear storage modulus, in pascals;
G" is the shear loss modulus, in pascals;
G* degcribes the overall viscoelastic behaviour.
This can befseparated into an elastic component G’ (shear storage modulus) arid-a viscous component G”

(shear loss

G =—
Yo

G”—T_O
%

modulus) using Formulae (9) and (10).

0s6

5in O

The quotiept of the shear loss modulus G" and shear storage modulus G’ is the dimensionless

factor tand,

tan § =-

The ratio o
absolute va

where |n*|

see Formula (11):

~/7
r

ol
Ly

[ the absolute value of the tomplex shear modulus G* and the angular frequency w i
ue of the complex viscosity n* see Formula (12):

s the absolute value of the complex viscosity, in pascal multiplied by seconds.

6 MeaSIrring assembly

6.1 General

(9)

(10

loss

(11

the

(12)

The rheological properties are investigated using a measuring system consisting of a measuring device
(viscometer or rheometer) and a measuring geometry (e.g. cone-plate).

The viscometer can only measure the viscosity in rotation (viscometry). This means that the viscosity
function of the sample can be determined as a function of the parameters of time, temperature, shear
rate, shear stress and others such as pressure.

With a rheometer, it is possible to carry out all basic tests in rotation and oscillation (rheometry).
Alongside the viscosity function, the viscoelastic properties can be determined, e.g. shear storage

modulus an

d shear loss modulus.

© ISO 2021 - All rights reserved
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A measuring assembly, consisting of a measuring device, a measuring geometry and optional
accessories, is shown in Figure 4. The measuring device and individual components, such as the
temperature control system, can be computer-controlled.

measuring assembly

r— 1 r— 1
| | | temperature control !
| compressor | . | |
| | measuring | system |
L o device L o

\ /
\ /
measuring geometry

o | CA N
| PC | . |) optional accessdries |
| | measuring system I |
L J L] I

The
in th
orr
deflg

Figure 4 — Example of a measuring assembly

sample to be investigated is located in a measuring gap where a defined flow profile i
e sample. A necessary prerequisite for this is\a\sufficiently small gap width. When y
neometers are used, they shall be able to impose or detect torque or rotational sp¢
bction. The imposed parameter shall be adjustable both in time-dependent and time-i

manjners.

For
and
have

Toc
with
the

devi

6.2

viscometric measurements, all visgometers are principally suitable, regardless of ho
or detection unit are supported: For measurements in oscillation, rheometers shall b
the lowest possible internal friction in the drive or detection unit.

pver the broadest possiblé range of applications, the viscometer or rheometer shall be g

different measuring géometries. The range of the torques or angular deflections, tha
measuring range thdt ¢an be achieved, depend on the measuring system. The type of
ce and measuringgéometry to be selected depends on the sample.

Temperature control systems

s generated
yiscometers
ed/angular
nhdependent

v the drive
e used that

ble to work
k result and
measuring

A tenperaturecontrol system consists of one or more temperature control components for heating and/

orc
(e.g.

olingyincluding the required media (e.g. air, water, liquid nitrogen) and the necessary
hoses and insulation for these hoses).

ronnections

The rheological properties of the sample are temperature-dependent. As a result, measures such as
controlling of the sample temperature and its measurement with one or more temperature sensors in

thei

mmediate vicinity of the sample are required.

The temperature of the sample shall be kept constant as a function of time during the measurement
period.

6.3

Measuring geometries

6.3.1 General

A measuring geometry consists of two parts that form a sample chamber where the sample is located. A
measuring geometry consists of a rotor and a stator or of two rotors.

© IS0 2021 - All rights reserved
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The measuring geometry shall be selected in such a way that its dimensions are suitable for the expected
viscosity range and viscoelastic properties of the sample. With regard to its gap width, the measuring
geometry shall also be selected in such a way that possible heterogeneities in the sample (e.g. particles,
droplets, air bubbles) are considered. The magnitude of these heterogeneities is to be determined in
advance using suitable methods (e.g. microscopy, laser diffraction, sieving or determination of fineness

of grind).

The absolute and relative measuring geometries of a rotational viscometer or rheometer are described

below.

Coaxial cylinders, double-gap and cone-plate measuring geometries are absolute measuring geometries.

All the othe

In the case

calculated ¢

and withou

In the case

of the flow |

In practice,
carried out

6.3.2 Abgolute measuring geometries

6.3.2.1 Copaxial cylinders measuring geometry

6.3.2.1.1 [Description of the measuring geometry

The measufing geometry consists of a measuring cup (i.e. the outer cylinder) and a measuring]
(i.e. the innpr cylinder with shaft, as shown in Figure 5). The measuring bob can serve as a rotor
the measurjing cup as a stator (Searle principle),or vice versa (Couette principle); see Figure 6. |

indicated of

Sare retative medasuring geometries.

of an absolute measuring geometry, the flow profile within the complete sample'ca
xactly, regardless of its flow properties. This applies under the condition of laminar
[ slip (wall slip or slip between flow layers).

bf relative measuring geometries apart from plate-plate measuring geometries, calculg
profile is only possible if the flow properties of the sample are knowns

approximations are also used for absolute measuring geometries\and thus correction
Derivations of the basic flows for the absolute measuring geontetries are presented in

herwise, the Searle principle is assumed below.

1
2

n be

Flow,

ition

b are
WA

bob
and
[ not

—3

SN

Key

1 measuring cup (outer cylinder)
2 measuring bob (inner cylinder)
3 sample chamber

10

Figure 5 — Schematic drawing of a coaxial cylinders measuring geometry
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| -
| 5 "
| "
| T
| |
N I P!
' 13 i 13
o— | o— |
1 7
L
a) Couette principle b) Searle principle
Key
1  measuring cup (outer cylinder)
2 measuring bob (inner cylinder)
3  pample chamber
4 frive
5 measuring sensor

Figure 6 — Searle and Couette principles

The [flow profile occurring in the measuring gap of the cylinder measuring geometry i§ calculated
accordingto-A.3.2. The measuring gap is the space between the shell surface of the measuripg bob with
a ragliuS\R) and the lateral surface of the measuring cup with a radius R, and the same l¢ngth L; see
Figulre-7,

6.3.2.1.2 Calculation methods

Calculations of the shear stress t and shear rate y are ideally based on representative values that do
not occur at the inner radius of the outer cylinder R, or outer radius of the inner cylinder R; of the
measuring geometry but at a particular geometric position within the measuring gap. 7., is defined as
the arithmetic mean of the shear stresses at the outer cylinder 7, and inner cylinder 7,, which is a good
approximation for the given ratio of radii (6 < 1,1). For larger values and thus for relative measuring
geometries see 6.3.3.2.

© IS0 2021 - All rights reserved 11
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This document confines itself solely to Formula (13):

T=Tpqp

where
Ty ist

T, ist

Formula (14

ist
ist
ist
ist
M ist
¢, ist

The face fa

and shall bd
Formula (1]

7/rep =
where

ky ist

n ist

0 ist

This resultd

k-

7,47,
2

he shear stress at the outer radius of the inner cylinder, in pascals;

he shear stress at the inner radius of the outer cylinder, in pascals;

(13)

) applies for the representative shear stress:

2
M=1+5 _ 1 .
2:62 2m-L-R}-c,

he shear stress factor for the conversion of torque into shear stress, inreciprocal cubic me|
he outer radius of the inner cylinder, in metres;

he ratio of the inner radius of the outer cylinder and outerxadius of the inner cylinder;
he length of the inner cylinder, in metres;

he torque, in newton multiplied by metres;

he face factor, dimensionless.

rtor depends on the measuring geometry and on the rheological properties of the sa
determined experimentally.

) applies to the representative shear rate, }'/rep :

_1+6% 1462
62-1 52-1

2rkn

he shear rate factor for the conversion of angular velocity into shear rate, in reciprocal rad
he rotational speed, in reciprocal seconds;

he angular velocity, in radians per second.

(14)

tres;

mple

(15)

ans;
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hN
R,
Key
1 pample
R, fadius of the shaft
R, puter radius of the inner cylinder
R, [nner radius of the outer cylinder
B ppening angle of the face on the bottom of the inner cylinder
L ength of the inner cylinder
L' Histance between the lower edge of the inner cylinder'and the bottom of the outer cylinder
L" |mmersed shaft length
Figure 7 — Standard measuring geometry for coaxial cylinders
For the standard measuring geometry for coaxial cylinders shown in Figure 7, the face fadtor ¢; (drag
coefficient for the face surface cdrréction that takes into account the torque acting at the end surfaces
of the measuring geometry) was determined experimentally and has a value of ¢; = 1,1 for samples
with Newtonian flow behaviour for ratios given in Formula (18). Deviations from 1,1 are gossible and
reqyire experimental determination of the face factor.
For the standard meéasyring geometry for coaxial cylinders, the following ratios apply:
L LI L” R R
-~ =3, —=1,—=1,-2=0,3,6 =—2=1,0847, =120° (18)
Rl Rl Rl Rl Rl
whefe
L' isthe distance between the lower edge of the inner cylinder and the bottom of the outer cylin-

der, in metres;

L" isthe immersed shaft length, in metres;

R, istheradius of the shaft, in metres;

R, isthe inner radius of the outer cylinder, in metres;

B isthe opening angle of the face on the bottom of the inner cylinder, in degrees.
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Advantages and disadvantages

— Advantages:

— determination of absolute measured values;

— handling errors due to overfilling and underfilling are smaller than for cone-plate and plate-
plate measuring geometries;

— depending on the gap width, also suitable for coarsely dispersed samples (rule of thumb: gap at

lea

st 10 times larger than the diameter of the dispersed material, e.g. particles, droplets);

— alnjost no evaporation influence due to small boundary surface compared to the sample voliime;

— Vis

cogxial cylinders measuring geometry;

Cosity range from low to high viscosities can be covered by varying the dimensiens o

f the

— low distribution of shear rates in the measuring gap compared to the plateplate measyring

geqmetry.

— Disadvéantages:

— depending on the sensitivity of the measuring device and the measuring geometry that is ysed,
alarger sample volume is required than with cone-plate and plate-plate measuring geometries;

— gerferally higher mass inertia compared to cone-plate and:plate-plate measuring geometri
— mo[e laborious cleaning compared to cone-plate and plate-plate measuring geometries;

— mo
to the plate-plate measuring geometry with gapsetting controlled by normal force;

— lower heating and cooling rates can be realized and therefore longer temperature control t

e severe damage to the sample structure wheniinserting the rotor into the sample comp

b'S;

ared

mes

arg required due to the larger samplevolume and the larger dimensions of the measyring

geqmetry compared to cone-plate and\plate-plate measuring geometries;

— danger of air bubble entrapment when inserting the rotor into the sample.

6.3.2.2 D

6.3.2.2.1

The measu

cup with ar] inner insett-and a hollow cylinder that are positioned coaxially relative to one anothg
shown in Fi

14

puble-gap measuring geometry

Description of the measuring geometry

[ing geometry is a variant of a coaxial measuring geometry and consists of a measy

ring
I, as
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A ——

va

\\\\

Key
measuring cup with inner insert
hollow cylinder with vent holes
sample chamber

Figure 8 — Schematic drawing of a double*gap measuring geometry
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6.3.2.2.2 Calculation method

N ITQ |

/é//

o

Ri|

|IIIIIIIIIIIIIIIIIIII“II III

R, |
DI
Key
1 sample

L effectivdlength of the hollow cylinder
R, outer raflius of the inner insert

R, inner raflius of the hollow cylinder

R; outer raflius of the hollow cylinder

R, inner raflius of the measuring cup

Figure 9'= Double-gap measuring geometry

For the douple-gap measuring geometry, the following ratios apply based on Figure 9:

RZ R4—
§=-24"4 <115 (19)
Rl R3
L., (20)
R3

The following applies for the representative shear stress:

. 1+62 .
P 4m-L(6%RZ+R% )

(21)

The representative shear rate is calculated analogously to the coaxial cylinders measuring geometry:

o 1+68% 1467
Trep ™52 1 52 4

2m-n (22)

where
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6 isthe radius ratio;

L isthe effective length of the hollow cylinder, in metres;
R, isthe outer radius of the inner insert, in metres;

R, isthe inner radius of the hollow cylinder, in metres;

R5 is the outer radius of the hollow cylinder, in metres;

R, isthe inner radius of the measuring cup, in metres;

r,, is the face factor, dimensionless.

This| face factor depends on the measuring geometry and on the rheological properties oflthe sample
and phall be determined experimentally.

6.3.2.2.3 Advantages and disadvantages
See $.3.2.1.3. Additionally, or as deviations, the following applies.
— Advantages:

— extension of the achievable measuring range for lowtviscosity samples due td the larger
measuring area compared to the coaxial cylindersimeasuring geometry;

— more suitable for oscillatory measurements asthe inertia moment of the double-gap measuring
geometry is significantly lower than that of the'cylinder measuring geometry for thq same outer
diameter of the measuring bob.

— Ppisadvantages:
— afilling error has a greater impadt. compared to the coaxial cylinders measuring gepmetry;

— only suitable for low-viscositysamples.
6.3.2.3 Cone-plate measuning geometry

6.3.2.3.1 Description efthe measuring geometry

The measuring geoniétry consists of a cone and plate (see Figure 10).
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1 sample
2 cone

3 plate

The angle etween the cone and the plate (cone angle) shall be as small as possible, and unds
circumstan
the flattene

gap for the

distance be

NOTE There are also cone geometries with non-flattened cone tips.
N]
1

| g

[ Ry
Key
1 sample
R  radius of the cone
a  cone anglé

2:2021(E)

hamber

Figure 10 — Schematic drawing of a cone-plate measuring geemetry

res greater than 5° The influence of friction between thé.cone tip and plate is avoide
d cone tip (truncated cone). The flattened cone tip and angle create the specified measy
ndividual cone. See Figure 11 for details. The extent.to,which the cone tip decreases, i.¢
fween the flattened cone tip and the plate, has an impact on the measuring result.

I no
d by
ring
. the

H,, distance between flattened cone tip and plate

6.3.2.3.2

Figure 11 — Cone-plate measuring geometry

Calculation method

The derivation of shear stress or shear rate for this cone-plate measuring geometry is presented
in A.3.3. For cone angles > 3°, the exact formulae in A.3.3 and Formulae (23) and (24) shall be used.

18
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If < 0,05 rad (i.e. « < 3°), Formulae (23) and (24) can be used for calculating the shear stress and shear
rate:

M

T= 3 (23)

27R3
where
M s the torque, in newton multiplied by metres;
R is the radius of the cone, in metres.
_L (24)

o

whele

y  is the angle between the cone and plate, in radians;

[} is the angular velocity, in radians per second.

6.3.2.3.3 Advantages and disadvantages
— Advantages:
— determination of absolute measured values;

— for smaller cone angles, the shear strain or shear rate in the cone gap can be considered to be
sufficiently constant;

— faster cleaning compared to coaxial cylinders and double-gap measuring geometrigs;
— lower filling amount than with coaxial cylinders measuring geometries;

— viscosity range from{low to high viscosities can be covered by varying the dimengions of the
cone-plate measuring geometry;

— low inertia mement compared to coaxial cylinders measuring geometries, i.e. bett¢r detection
of short-term’effects, e.g. in oscillatory, creep and relaxation experiments;

— shorterstemperature control times and higher heating and cooling rates comparefl to coaxial
cylinders and double-gap measuring geometries.

— Pisadvantages:

PR TR PPNy +] Mo sl il ol ol ; FINE hich limi
SalJ vV IiUulll Olsllll lballLly OIITAIICT Ulldll VVILIT CUdAIAI by ITIITUCT S5 I1ICd oS Ul 1115 SCUIIICLI ICS, vV IC lmlts

the maximum size of the dispersed material (e.g. particles, droplets);

— may be used in dispersed systems only if the diameter of the dispersed material (e.g. particles,
droplets) is a maximum of 1/10 of the distance between flattened cone tip and plate, H, (see

Figure 11);

— strong influence of potential solvent evaporation due to a larger boundary surface relative to
the sample volume (the use of a solvent trap minimizes the effect);

— higher impact due to underfilling and overfilling compared to coaxial cylinders and double-gap
measuring geometries;

— high influence on the sample structure is possible through trimming;
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greater influence of a change of the gap width through temperature changes;

cleaning procedure;

6.3.3

unsuitable for sedimenting samples;

emptying of the measuring gap is possible.

Relative measuring geometries

greater influence of changes in the surface roughness, e.g. through abrasive samples or wrong

6331 P

In contrast
in the case
measured v
see 6.3.3.1.]

6.3.3.1.1

The measuj
Figure 12).

Key
1
2
3

sample

upper p
lower pl

The gap wigith h betweeh the plates (see Figure 13) can be selected freely. One mm is a common ¥

in practice.

plates are fully wetted by the sample. The gap width h shall also be selected so that the dimen

of any pote

ate-plate measuring geometry

to the cone-plate measuring geometry, the shear rate in the measuring gap is not.cony

tant

pf a plate-plate measuring geometry. By using corrections, it is possible to obtain idenftical

alues with a plate-plate measuring geometry compared to an absolute measuring geom
. This does not apply for all other relative measuring geometries.

Description of the measuring geometry

ing geometry consists of upper and lower plates that are plane=parallel to one another
| |2
| o 1
| —
| 43
|
hamber
ate
ate

Figure 12 — Schematic drawing of a plate-plate measuring geometry

Howevet, the gap width h shall be selected to ensure that the lower and upper measu

htial heterogeneity in the sample is at least 10 times smaller than the gap width h. W

etry,

(see

alue
ring
sion
'hen

the gap wid

th7is being selected, the measurement errors that occur for very small and very large

gap

widths are to be considered.

With this measuring geometry, a radial distribution of the shear strain or shear rate results, i.e. it varies
from zero at the centre of the plate to a maximum value at the edge of the plate. With a preset angular
velocity, the measured torque depends directly on the flow function of the sample across the entire
shear rate distribution in the measuring gap. This also applies in the case that a torque is preset and the
angular velocity is measured. This is the main reason why this measuring geometry is considered to be
arelative measuring geometry.

20
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Key

1 sample

Fadius of the plate
h  Variable gap width

Figure 13 — Plate-plate measuring geometry

6.3.3.1.2 Calculation method

For pon-Newtonian liquids, the Rabinowitsch-Weissenberg correctionl4! shall be performed for the
calctyilation of the shear stress T and the shear rate y.

Forrhulae (25) and (26) can be used for these calculations solély for Newtonian liquids and,|in addition,
solely for the outer edge of the plate:

2

F— . (25)

nR3
where

[ is the torque, in newton multiplied by metres;

R is the radius of the plate, in metres.
R

=—Q 26

) (26)

where

h  is thewariable gap width, in metres;

[)_"is'the angular velocity, in radians per second.

6.3.3.1.3 Advantages and disadvantages
See also 6.3.2.3.3. Additionally, or as deviations, the following applies.
— Advantages:

— variable gap width, taking into account the sample properties and the limits of the measuring
device;

— different special designs and materials is possible, e.g. aluminium single-use plates, quartz
glass plates, acrylic plates;

— fillingmethod, thatretains the structure of the sample, is possible with the gap setting controlled
by normal force;
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asuring of coarsely dispersed samples is possible;

measuring gap, e.g. cross-linking shrinkage, swelling, thermal expansion of samples;

structures, e.g. through profiling or sandblasting.

relative measured values are obtained if the Rabinowitsch correction is not considered.

6.3.3.2 C

These meas
representat
relates to t
liquids, dey
geometry.

6.3.3.3 R

Measuring
and sedimg
described g
geometries]
includes pr

volume changes due to physico-chemical reasons in the sample can be compensated by changing

wall slip can be quantified by using plates with the same diameters but different surface

Disadvantages compared to absolute measuring geometries: in the case of non-Newtonian samples,

axial retative cylinder measuring geometries with a radius ratio > 1,1

uring geometries are relative measuring geometries as the procedure for determining
ive values according to A.3.2 cannot be used. In this case, the determination-of the ve
he radius of the inner cylinder of the measuring geometry. In the case of nen-Newto
iations occur relative to measuring results that were determined using’ the stan

plative measuring geometries with surface modification

beometries of this type are used in the case of undesired sample-related effects. Wal
ntation are examples of this. A surface modification means a deviation relative to
reviously measuring geometries (plate-plate, cone-plateland coaxial cylinders measy
as a result of additional machining of the surface that'is in contact with the sample.
pfiling [e.g. vertical - see Figure 14, a)], a cylinder-with a spiral groove [see Figure 14

sandblasting and coating, for example. The measured valuesépend on the surface modification.

Advant|

pre

[e0)¢

Disadv

mo

res

a) Cylinder with vertical profiling on
the measuring cup and measuring bob

22

pges:
vention of undesired sample-related effects;

trolled generation or suppression:of wall slip effects.
intages:

Ire laborious cleaning for profiled measuring geometries;

triction of the minimui gap width for profiled measuring geometries.

r the
lues
nian
dard

slip
the
ring
This
 b)],

==

74

174

b) Cylinder with a helical spiral groove
on the measuring bob

(to prevent wall slip) (to prevent sedimentation)

Figure 14 — Relative measuring geometries with surface modification
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6.3.3.4 Selected special designs of relative measuring geometries

A selection of relative measuring geometries is shown in Figure 15. With measuring geometries of this
type, absolute measured values cannot be determined, so these measured values shall be marked in
the test report as relative values. This also applies if the measurement system (measuring device and
measuring geometry) was adjusted with a reference fluid (see 3.6).

Relative measuring geometries are always used when absolute measuring geometries cannot be used.
This applies to the following, for example:

— samples with particles larger than 1/10 of the selected gap width;

— measurements in original containers;

— pptimization of the test procedure to start the measurement with minimal dnfluericing of the
structure when approaching the measuring position;

— helipath test procedure, this is a vertical movement of the rotating measuring geometry during the

ol
-l-

a) Examples of rgtors (spindles) as per ISO 2555

|
@& @

194

b) Rotors (disc or ball spindle)

S| |

c) Rotors (paddle spindle as per ASTM D562[21), vane rotors and pin rotors
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d) Other designs for rotors

Key

1  helical shape
2 helical shape
3 blade shlape
4  Dblade shiape
5 blade shape
6 anchor dhape

Figure 15 — Examples of relative measuring’géometries

— Advantpges:

— extlension of the area of application of the measuring device as it often represents the [only
pogsibility to carry out a measurement;

— to gimulate process-dependent parameters;
— corjtrolled generation of turbulent flow-for designing process equipment.
— Disadvéantages:

— no pbsolute measured values.and thus no comparability with other measurement results|that
were not measured with.exactly this relative measuring geometry under the same measurement
corfditions (e.g. rotatignal'speed, temperature, measuring cup);

— calgulation of theflow profile is not possible;
— gerjerally requires use of larger sample volumes;

— gerlerallydifficult to control the temperature.

6.4 Seledted nptinnal accessories

6.4.1 Cover with or without solvent trap

After the sample has been added, a cover containing a solvent trap can be used to minimize the escape
of volatile components during the measurement period (see Figure 16). The solvent trap includes half
shells and a solvent reservoir in order to achieve a saturated atmosphere in the space enclosed by the
cover. The half shells are positioned around the shaft of the measuring geometry; the reservoir has
been previously filled with a fluid so that the half shells are immersed in the reservoir and thus create
a vapour barrier. There shall not be any mechanical contact between the half shells and the shaft of
the measuring geometry. On the one hand, the reservoir shall be filled sufficiently during the entire
measurement period to create a vapour barrier; on the other hand, no fluid may escape from the
reservoir and come into contact with the sample.
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Fluids with low viscosity and low vapour pressure at the relevant measuring temperature should be
selected as a filling media for the reservoir, depending on the sample, e.g. water, dodecane, mineral oil.

|

Key

BwWw N R

F

ot

¢

The
conil
Dep
(e.g.

|
|
2
|
|
|
|

A

sample chamber
Cover
Golvent reservoir

solvent

pure 16 — Schematic drawing of a solvent trap with:the example of a cone-plate m
geometry

cover can also be used without a solvent trap for protection against external influg
ecting an inert gas in order to measure:sensitive samples under a protective gas 3
ending on the measuring temperatures, Sample covers made of different materials a
polytetrafluorethene or glass).

Advantages:

— minimization of evaporation-related changes in the sample;

— protection of the user;against escaping sample material at high shear rates;
— protection of the'sample against external influences such as draughts, dust.
Disadvantages:

— exact filling of the reservoir necessary;

— wrongly selected filling media can have an effect on the measuring result;

easuring

nces or for
tmosphere.
re available

£~ determination of the effect of the additional torque on the measuring result;

— more laborious measurement compared to measurements without a cover;

— depending on the design, it is impossible to observe the sample/measuring gap

measurement;

compared to the use of an active thermal cover.

6.4.2 Passive and active thermal covers

during the

any existing temperature gradients in the sample can only be minimized to a limited extent

A thermal cover is to be provided to ensure a homogeneous temperature distribution in the sample in
the measuring gap.

© IS0 2021 - All rights reserved
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A passive thermal cover generally consists of a heat-conducting layer on the inside and an outer
insulating layer. The inner part is in contact with the temperature control system and conducts part of
the heat flow into the measuring geometry.

With an act
— Advant

— act

ive thermal cover, the sample is temperature-controlled uniformly from all sides.
ages:

ive thermal cover to achieve a constant temperature in the sample;

— passive thermal cover to minimize the temperature gradient in the sample;

— car
—  prg
—  prd
—  wit

— Disadvz:

— mofe laborious measurement compared to measurements without-a-cover;

— add

6.4.3 Ste

Stepped m¢

Figure 17).
as the uppe
material an

Key
1 sample

2 upperp
3  stepped

be combined with a solvent trap;
tection of the user against escaping sample material at high shear rates;

tection of the sample against external influences such as draughts, dust;

intages:

itional heat capacity requireslonger temperature control times for temperature equiliby

pped plates

pasuring plates are available for cone-plate ahd plate-plate measuring geometries
With these stepped plates, the lower part of thé. measuring geometry has the same dian{
r part. Apart from being the same diameterdhese two parts shall also be matched in
d surface (e.g. sandblasted or profiled).

hamber

ate

plate

h a connection for inert gas to allow for measurements under protective gas atmospher

ium.

(see
eter
heir

Figure 17

— Advant

ages:

— avoids overfilling;

prate

— simplifies trimming: free-flowing material can run off, and excess material can be removed

mo

re easily at the edge for other samples;

— stepped plate can be adapted for the upper geometry in terms of size, material and surface
properties.

— Disadvantage: changed heat capacity compared to the standard design shall be taken into account

for the

26

temperature control time.
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Information on rheometry and flow field patterns

A.1_General

Further background information is presented in subsequent parts of ISO 3219, which.atre ¢urrently in

prepgaration.

A.2| Rheological input and response parameters for rotation and oscillation

The forresponding parameters for the rotational measurement are listed in Table A.1 and those for the

oscillatory measurement are listed in Table A.2.

Test type Input Response
Controlled rate (CR) 4 T
Controlled stress (CS) T A4
Controlled deformation (CD) y T

Table A.1 — Rotational measurement — Rheological input and response paramgeters

Table A.2 — Oscillatory measurement=— Rheological input and response paranieters

Test type Input Response
Angular
Amplitude frequency or Amplitude Phase angle
frequency
Controlled rate (CR) % Ty
Controlled stress (CS) T, worf Yo Yo 6
Confrolled deformation (CD) Yo Ty

The relationship{between the raw data from the measuring device (mechanical parametgrs) and the
calctyilated rheological parameters is shown in Table A.3.
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Table A.3 — Comparison of raw data and calculated rheological parameters for rotation and

oscillation
Rheological parameter Rotation Oscillation
Shear stress 7=k, -M 7o =k, M,
Shear strain r=k, @ Y=k, %
Shear rate 7=ky X% % =ky 4
fo ke Moy My
o Kk, & @
r kM M *|_ 2 1602
Shear viscosity n=;=k—75=k$ |77 | T3
y n* =7]'—l"77”
=G’
io
rlfo ke My My
shear modul =1 ooty %
ear modulus =—
Y G'|=VG?+G"
G =G'+i-G"

A.3 Flow field patterns

A.3.1 General

The flow figld represents the entirety of the mgvement states of the sample in the measuring gap] The
basic flow i$ the stationary flow pattern in the measuring gap at sufficiently low angular velocities [2. In
the measurjng gap of all measuring geomeétries, the shear stress and shear rate or shear strain ar¢ not
constant arjd depend on the rheologicalproperties of the sample and other factors. The mathemaltical
calculation§ for absolute measurements assume that each gradient in the measuring gap is linear o can
be assumed to be linear as a good-approximation.

A.3.2 Codgxial cylinders@neasuring geometry

A.3.2.1 General

Coaxial cylinders measuring geometries with a rotating outer cylinder [Figure A.1, a)] are knowjn as
Couette mdasuring geometries [Figure A.1, b)], and those with a rotating inner cylinder are called
Searle meaguting geometries [Figure A.1, ¢]]. They differ in terms of the stability of their basic flow

with respect to inertial forces. If not indicated otherwise, the Searle principle is assumed below.

28
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NOTE The arrow lengths shewirare proportional to the angular velocity across the measuring gap w(r) for
Cougtte type.

b)|Velocity profile and cross-section through the measuring gap perpendicular to the axis of
rotation for Couette type

NOTE The arrow lengths shown are proportional to the angular velocity across the measuring gap w(r) for
Searle type.

c) Velocity profile and cross-section through the measuring gap perpendicular to the axis of
rotation for Searle type
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Key

R; outer radius of the inner cylinder

R, inner radius of the outer cylinder

L length of the inner cylinder

@ angular coordinate in the cylindrical coordinate system
r  radial coordinate in the cylindrical coordinate system

z  axial coordinate in the cylindrical coordinate system

Figure A.1 — Flow field patterns for basic flow in a coaxial cylinders measuring geometry

A.3.2.2 Description of the flow field
Surfaces with the same angular velocity are cylinder shell surfaces for which r = constantyThe bounfary
surfaces ar¢ characterized by R; (outer radius of the inner cylinder) and R, (innermadius of the dquter
cylinder) — see Figure A.1. The radius ratio 6 and the gap width H_. are definéd)By Formulae [A.1)
and (A.2):
R
§=—2 (A1)
Ry
H..=R)-R; A.2)
The flow fleld is described using cylindrical coordinates~&’¢, z (see Figure A.1). The flow |[field

coefficient for a finite portion of length L of a cylinder extending infinitely in the z-direction is givd
Formula (A3) according to Margulesl[3l:

k= 1
AL

n by

R-RE 1 51

= : A.3)
R:-R? 4m-L-R? 62

A.3.2.3 Description of the basic flow

usr

Formulae (A.4) to (A.6) apply for the-radial profile of the shear stress 7 as a function of the rad
(R{<r<Ry):

1
7(r)=H M=k_-M A4
(r) 2 L-r? ! A4
Tl:_w_ A.5)
2m{L-R?
T
-1
12—62 A.6)

where k_ is the shear stress factor for the conversion of torque into shear stress, in reciprocal cubic
metres.

In coaxial cylinders measuring geometries, surfaces with the same angular velocity are also surfaces
with the same shear rate and the same shear stress. The shear rate y as a function of the radius r

(R, £r<R,)is given by Formulae (A.7) to (A.9):

R? 2.52
2§21

7(r) Q=k;-Q (A7)
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(A.8)

(A9)

where ky is the shear rate factor for the conversion of angular velocity into shear rate, in reciprocal

radians.
The shear rate at the outer cylinder ¥, is less than the shear rate at the inner cylinder ¥, .
The [radial profile of the angular velocity w(r) in the measuring gap differs for the Couetts
typds, as shown below in Formulae (A.10) and (A.11):
52 -(rz —Rf )
’o(r)Couette :'QZ (52 —1)-1‘2
52 '(Rz —r2 )

’ —0. . 2

o(r)Searle _'Ql (52 _1)'r2
whefe w(r) is the angular velocity, a variable that takes on valties between 0 < w(r) < (2
typds or 0 < w(r) <, for Searle types.
NOTE According to Formulae (A.4) to (A.9), the shear ratery and the shear stress t vary le

angular velocity 2 in the measuring gap the narrower this gap is. If a coaxial cylinders measuring ge

and Searle

(A.10)

(A.11)

for Couette

5s at a given
metry apart

from| the standard geometry is used, the influences of a gap'width that is too large are not to be neglected.
A.3.2.4 Standard geometry for coaxial cylinders
The [cylinder geometry described does not'take into account the influence of the upper anf lower end
faces$ of the measuring geometry.
With the standard geometry (see Figure 7), all the dimensions except the opening angle of the face 8
at the bottom of the inner cylinder are determined solely by geometrical ratios (relative t¢ R,), which
ensyres that the flow field is geometrically similar regardless of the size of the measuring geometry.
The following specifications‘given in Formulae (A.12) to (A.14) apply:
¢ "CR R
L3 L1 2554 50 50,3,5-"2 21,0847 (A.12)
Rl Rl Rl 1 Rl
NOTE Theanumerical value 6 = 1,084 7 is based on the specification in Formula (A.13).
R; f
— 1 =0,85 (A13)
R
B=120°+1° (A.14)

If these specifications are adhered to, the amount (filling volume) of sample required is given by

Formula (A.15):
V=8,17-R}

© IS0 2021 - All rights reserved

(A.15)

31


https://standardsiso.com/api/?name=b1edc29017b48b5784357e8a2a19ef2e

IS0 3219-2:2021(E)

A.3.2.5 Calculation of the coaxial cylinders measuring geometry using the method of
representative viscosity

With coaxial cylinders measuring geometries, T and y are not constant in the measuring gap.

Calculations of 7 and y are ideally based on representative values that do not occur at the outer

radius R, or inner radius R; of the measuring geometry but at a particular geometric position within
the measuring gap. ., is defined as the arithmetic mean of the shear stresses at the outer and inner
cylinders, which is a good approximation for the given ratio of radii (6 < 1,1).

This document confines itself solely to the approximation given in Formulae (A.16) to (A.18):

T, +1,

T:Trep :T (A16)

or,
1+8F 1+62

T= 5] 1T 2 (A.17)

thus,
D
r=1F0 ! (A.18)

264 2m-L-R?-c

since the shear stresses are calculated from the torque measured at the inner or outer cylinders
according tp Formula (A.19):

_ M
- 2
2m-L-R3 ¢,

T = ort A.19
V2n|LR2e P (M)

For the des¢ribed standard geometry, the face factor takes on the value of ¢; = 1,1 for Newtonian liquids
if the recommended length ratios are adhered to. The validity of this has been confirmed experimengally.

For measurfement systems where the ditnensions L* 6* deviate from the preferred values L, §, the ¢,
value can bg corrected.

o :1+-l§(cL -1) (4.20)

L

¢ =c, 41,04(5" -6) (4.21)

The ¢} valug is als6Used as an approximation for non-Newtonian liquids.

The represgntative shear rate }'/rep corresponding to the representative shear stress t,., cap be
calculated using Formulae (A.22) and (A.23):

o 1+62
T=hep =2 (A.22)
with
Q=2m-n (A.23)
where
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Q) is the angular velocity;

n isthe rotational speed.

If n is specified in s~ and Q in rad-s~1, the numerical formula given in Formula (A.24) appliesD:

1=6,2832-n

(A.24)

When the standard geometry is used, the numerical formulae given in Formulae (A.25) to (A.28) apply

fort

q

The

A.3.

A.3.

The
the
forc

he evaluation:

2 = 1,176 57

[ = Tprep = 0,925 -7, =1,088 - 7,

following relationships apply for tin Pa, M in N-m, ¥ ins™! and Q2 in rad:$7, R; in m and
M
= Trep :0,0446-§

y =7'/rep =12,33-2=77,46'n

3 Cone-plate measuring geometry

B.1 General

flow field is described using spherical coordinates r, ¢, 0 (see Figure A.2). The fluid is
measuring gap by surface tension forcesjand, in the case of viscoelastic samples, alsq
S,

a) Spherical coordinates

6
R

b) Vertical section through measuring gap

(A.25)

(A.26)
nin s

(A.27)

(A.28)

retained in
by normal

1) The rotational speed in reciprocal seconds is used in this example. If it is expressed in reciprocal minutes, the
numerical value changes accordingly.
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w ()
o
<.

c) Velocity profile along the polar angle when the cone is rotating

o
=0

Key

6  polar angle in the spherical coordinate system

¢ azimuthal angle in the spherical coordinate system

r  radial coordinate in the spherical coordinate system

a  cone angle

R radius of the cone

o angular yvelocity

NOTE For illustrative purposes, the cone angle @ shown is greater than that used in practi¢e:

Figure A.2 — Flow field for flow in a cone-plate geometry,

A.3.3.2 Description of the flow field
Surfaces wjth the same angular velocity are lateral conical surfaces for which 6 = constant.
boundary spirface (the plate) with 6, and the cone angle a are defired by Formulae (A.29) and (A.3

92 - 01 Fa (A
For a finite|plate radius R and a sufficiently smallcone angle (a < 0,05 rad, i.e. « < 3°), the flow
coefficient is given to a good approximation byxEormulae (A.31) and (A.32):

3.a- :
L3 f (o) _ 3« v
2R3 27-R3

where, in F¢rmula (A.31),

Flo)= 1_[tanoz+llln 1+s?na } v

P-0c | cosor 2 1-sino

with lim, _,

NOTE

0 (@) =X
() = 1,000 6 applies for a = 2°. f{a) = 1,003 8 applies for a = 5°.

One
D):
1.29)
1.30)

field

1.31)

32)

A333 D

escription of the basic 1ilow

In cone-plate measuring geometries, surfaces with the same angular velocity are also surfaces with the
same shear rate and the same shear stress. The shear rate y(6) and the related shear stress 7(0) vary

only to a small extent across the entire measuring gap of a cone-plate measuring geometry if a < 0,05 rad

(i.e. a < 3°).

7(6)

34

_a~f(a)-c0520 T

Formulae (A.33) and (A.34) apply:
Q Q

(A.33)
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3-M 3M
T(Q)ZZn-R3-c0529z2n-R3 (A-34)
Formula (A.35) applies for the profile of the angular velocity w() if the cone is driven:
w(@):Q-Z:;EZ)):Q-% (A.35)
and Formula (A.36) applies if the plate is driven:
(6 :Q-rl—w1z9~r1—ﬂ—l A.36
S eyl e (436)

The pngular velocity profile is shown in Figure A.2, c).

A.3.4 Plate-plate measuring geometry

A.3.4.1 General

When relative measuring geometries are used, the flow field coefficient is determined with 4 Newtonian
liquid in practice, but this flow field coefficient is dependent on rgtational speed and cannot|be used for
non{Newtonian liquids.

In cqntrast to the cone-plate measuring geometry, the shearrate in the measuring gap is notjconstant in
the ¢ase of the plate-plate measuring geometry.

‘R
:_\
< — _!;:\\_»
— r

Key

h  yariable gap width

z  pxial coordinate in the cylindrical coordinate system

R  radius of the plate

r  radial coordinate inithe cylindrical coordinate system

v fircunferential-angular velocity

¢ pngular coordinate in the cylindrical coordinate system

Figure A.3 — Flow field for flow in a plate-plate geometry

A.3.4.2 Description of the flow field

The flow field is described using cylindrical coordinates r, ¢, z (see Figure A.3). Surfaces with the same
angular velocity are flat circular surfaces for which z = constant perpendicular to the axis of rotation.
The gap width h is the distance between the two plates.

The flow field coefficient k is calculated from the plate radius R and the gap width h according to
Formula (A.37):

K= 2-h
-R*

(A.37)
This relationship applies for any gap width h, but only for Newtonian liquids.
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A.3.4.3 Description of the basic flow

With plate-plate measuring geometries, the surfaces with the same angular velocity are not surfaces
with the same shear rate. In contrast, the surfaces with the same shear rate and the same shear stress
are lateral cylinder surfaces for which r = constant (0 < r < R). The shear rate y(r) as a function of the

coordinate ris given by Formulae (A.38) and (A.39):

Q

)’/(r)=7~r (A.38)
. Q
Ymax =—h—-K 4.39)
Formula (A{40) applies for the profile of the angular velocity w(z) across the measuring gap;
{2
a)(z):—h—z (4.40)

where z = 0|at the stationary boundary surface.

The distribption of the shear rate in the measuring gap is independent of{the flow properties of the
sample to be examined, while the distribution of the shear stress depends on the flow properties.

For the bouhdary surface (r = R) of the plate-plate geometry, Formula (A.41) applies:

| M dinM
T(R)—FE‘R?) (3+dln7(R)] (A.41)

D

To calculatg the shear stress for an unknown sample; dnumber of measurements at different angular
velocities afe therefore necessary to determine the gradient d In M/d In y(R).

dIn M/d1n |y (R) = 1 for Newtonian liquids, so Formula (A.42) applies:
p-M

T(R)z;..Rg (4.42)

A.4 Oscillatory rheometry

A.4.1 General

Clause A.4 gpecifies thexdetermination of the viscous and elastic behaviour of materials using oscillgtory
measurements. In this regard, the recording of a single measurement point is looked at first.| The
material behaviogiris then described using several measurement points.

The followipgis assumed for recording a measurement point:

— the sample is deformed sinusoidally (i.e. harmonically) at constant frequency and amplitude in an
oscillatory rheometer;

— the response of the sample at steady-state conditions is also harmonic at the same frequency;

— the properties of the sample do not change during the recording of the measurement points, i.e. all
environmental conditions such as temperature are constant;

— the measuring gap is correctly filled during the recording of the measurement point.

Here, the frequency f or angular frequency w = 27f is another specified parameter compared to
rotational rheometry. For this reason, there is another sample response variable, the drive phase
angle ¢ or the phase angle 6. In Table A.4, the mechanical and rheological parameters as functions of
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