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ABSTRACT:

A frequent task undertaken by quality-control personnel in typical consumer-goods factories is the measure-
ment of the viscosity of liquid products. The problem often faced in this task is how to strike the correct balance
between the complete rheological characterisation of the non-Newtonian properties of the liquid of interest —
which requires expensive, sophisticated equipment and can be quite time-consuming —and the dictates of pro-
duction pressures that demand, as near as possible, an instant decision, and one usually based on a single num-
ber. Here we consider the rheological issues that arise in such a debate, which is aimed at finding what ade-
quate characterisation would require.

We will investigate the implications of liquids products being non-Newtonian for two of the most com-
monly encountered viscometers in factory quality laboratories, i.e. the simple ‘dip-in’ rotating spindle viscome-
ter of the Brookfield type (with its different forms and many imitations) and the more sophisticated concentric-
cylinder-type device typified by the Haake Rotovisco VT 550 range. Each is capable of giving a single-number
answer for viscosity, but the implications of understanding this single number are different in each case, with
the dip-in viscometer being in an infinite sea of liquid and the concentric-cylinder situation being narrow gap.
We also investigate when the infinite sea of the ‘dip-in’ viscometer is effectively ‘infinite’ and when is a con-
centric-cylinder geometry really ‘narrow gap’? We will use the power-law model throughout our discussions.

ZUSAMMENFASSUNG:

Bei der Herstellung von Konsumgiitern ist es eine wiederkehrende Aufgabenstellung an das Qualitatskon-
trollpersonal, die Viskositat von fliissigen Produkten zu messen. Dabei ist es haufig schwierig, die Balance zwis-
chen der kompletten rheologischen Charakterisierung der nicht-newtonschen Eigenschaften der betrachteten
Flissigkeit - was eine teuere und hochentwickelte Ausriistung verlangt und sehr zeitraubend sein kann - und
dem Diktat des Produktionsdrucks, der eine moglichst unmittelbare Entscheidung verlangt, die normalerweise
auf einem einzelnen Wert beruht, zu finden.

In diesem Beitrag werden die in einer solchen Debatte um die addaquate Charakterisierung auftretenden
rheologischen Streitpunkte vorgestellt und diskutiert. Die Rheometrie von nicht-newtonschen Flissigproduk-
ten wird an zwei in den Laboratorien der Qualitatskontrolle am meisten benutzten Viskosimetern, dem ein-
fachen “dip-in” Spindel-Viskosimeter vom Brookfield Typ (mit seinen verschiedenen Formen und Bauarten) und
das anspruchsvollere Gerat vom Haake Rotovisco VT 550 Typ mit konzentrischen Zylindern untersucht. Beide
Gerate geben durch einen einzigen Wert die Viskositat an, jedoch ist die Bedeutung dieser einen Zahl in beiden
Fallen verschieden, da das “dip-in” Viskosimeter in einem “unendlichen See” von Fliissigkeit ist, wahrend das
Gerat mitkonzentrischen Zylindern Fliissigkeit in einem schmalen Spalt misst. Zur Untersuchung, unter welchen
Umstdnden der “unendliche See” des “‘Dip-in” Viskosimeters unendlich ist, und wann in der konzentrischen
Zylinder-Geometrie wirklich eine schmaler Spalt vorliegt, wird das Potenzgesetz-Modell verwendet.

RESUME:

Unetache fréquente, entreprise par les personnels du contréle qualité des fabriques de biens de consommation
typiques, est la mesure de la viscosité de produits liquides. Le probléme auquel on doit souvent faire face dans
cette tache, est de savoir comment découvrir I'équilibre convenable entre la caractérisation rhéologique com-
pléte des propriétés non Newtoniennes du liquide a étudier — qui requiert un appareillage sophistiqué et cher
et peut colter du temps - et les dictats des contraintes de la production, qui demandent autant que possible,
une décision instantanée et habituellement basée sur la détermination d’'un simple nombre. Ici nous nous
intéressons aux questions rhéologiques qui émergent lors d’un tel débat, qui a pour objet de trouver quelle car-
actérisation adéquate serait requise. Nous allons rechercher quelles sont les implications pour des produits lig-
uides non Newtoniens lorsqu’ils sont étudiés au moyen de 2 viscosimétres qui sont le plus souvent utilisés dans
les laboratoires qualité des fabriques, i.e., le simple viscosimétre rotatif ‘dip-in’ de type Brookfield (avec ses dif-
férentes formes et ses diverses imitations) et I'appareil plus sophistiqué de type cylindres concentriques comme
le Haake Rotovisco VT 550. Chacun des 2 appareils est capable de fournir un simple nombre pour caractériser la
viscosité, mais la signification de ce simple nombre est différente pour chacun des cas, ou le viscosimétre ‘dip-
in’ baigne dans une mer infinie de liquide, alors que pour les cylindres concentriques, I'entrefer est dans la lim-
ite des petites valeurs. Nous cherchons également a savoir quand la mer infinie de liquide, dans le cas du vis-
cosimeétre ‘dip-in’, est réellement infinie, et quand la limite des petites valeurs d’entrefer est atteinte pour le
viscosimetre de type cylindres concentriques. Nous utiliserons le modéle en loi de puissance tout au long de nos
discussions.
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Figure 17 (left above): Con-
sistency and power-law
index relationship for 45 dif-
ferent European fabric con-
ditioners [16].

Figure 18 (right above): Vis-
cosity correction factor, V,,
as a function of power-law
index, n, for Brookfield spin-
dles RV2 - 6 respectively,
(points and dotted lines),
together with the simple
function V= n0-75 shown
as a solid, bold line. RV2
data is the lowest curve,
progressing upwards to
RV, the highest.

Figure 19 (left below): A
schematic representation of
viscosity versus shear rate
(logarithmic axes) showing
typical day-to-day varia-
tions of a non-Newtonian
liquid product. Solid lines
slow equivalent Newtonian
viscosities and shear rates,
while dashed lines show the
actual curves. The ‘mean’
product is represented by
the heavy lines. The lines
ending in arrows U repre-
sent the variations at one
particular spindle speed for
the Newtonian assumption
(vertical line) or the real vis-
cosity/shear-rate points
obtained using a non-New-
tonian analysis (curves line
ending in arrows).
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the implications of this for measuring non-New-
tonian liquids? If for instance we measure a
power-law liquid with an n of 0.5 using an RV3
spindle, thescalereading willindicate the correct
average shear stress, but the Newtonian shear
rate based on the rotation speed and the normal
instrument constants (i.e. Newtonian) will actu-
ally be higher than the real average. Hence, as
above for the concentric-cylinder situation, the
supposed viscosity will be too high. In this case,
we cite Williams’ equation (Eq. 6) and knowing
that for the RV3 spindle, then g, b, , are given by
0.1234, 0.2576 and —0.1129 respectively, with the
sum (a+b+c),i.e.the Newtonian situation, being
0.2681. Then the actual average shear rate would
be given by 0.448N, but the supposed shear rate
would be the lower value of 0.2681N.

The real viscosity would then be greater by a
factor of 0.448/0.26810r1.67, or two-thirds high-
er. Theratioof realto supposed shear rates varies
little with spindle number, the viscosity correc-
tion factor ratio, V, will be similar for the typical

disc spindles 2 — 6. Fig. 18 shows this function,
which is very close to the simple function V.= n"

075, cp. Briggs and Steffe’s [15] approximation
cited above. Similar corrections for otherspindles
andvalues of power-lawindex can be worked out
from the Williams formula. As stated above, the
implications of this are not always that dramat-
ic, since the viscosity is itself a function of n for
most liquids in day to day production variations.
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CONCLUSIONS

We have discussed the implications of test lig-
uids being non-Newtonian in the case of the dip-
in and concentric-cylinder viscometers often
used in factories. We can conclude that if no cor-
rections are made, then either with rotating discs
of the Brookfield RV type or the Haake wide-gap
concentric-cylinder geometries (b < 0.8), then
gross errors will be made if the equivalent New-
tonian liquid viscosity is taken as the viscosity.
The implications of these errors can be consider-
able if comparisons are made between different
systems, but if comparisons are only made with
typical day-to-day variations of the same prod-
uct, then because of the nature of typical varia-
tions, noreal problemsareencounteredinaqual-
ity-control situation.

In terms of the constraints on the narrow-
gap or infinite-sea criteria, the more non-New-
tonian the liquid, the narrower the gap needs to
be (see Fig. 8), but similarly, the container does
not need to be so bigtoensure aninfinite-seasit-
uation (see Fig. 10).

As far as measuring the ENV and specifying
at a given rotation speed is concerned, we have
seen that for normal day-to-day product varia-
tion, there is no real problem. Effectively, we can
visualise the result in Fig. 19, where we show
schematicallythatalthoughtherewill be two dif-
ferent sets of curves arising from the real and
supposed viscosity/shear-rate curves, there is
still a one-to-one relationship between them.
Hence no problem arises in quality control situa-
tions using a single spindle speed. Obviously,
greater discrimination between products of this
kind is achieved by using as low a speed as pos-
sible, where the viscosity diverge more.

REFERENCES

[l K Walters, HA Barnes, Anomalous extensional
flow in the use of commercial viscometers, in
‘Rheology’ (Proceeding of the 8th International
Congress on Rheology,Eds. Astarita G et al.)
Plenum Press, New York, 1980, Vol. 1, 45-62.

HA Barnes: On-line (process) viscometry — a
review, Applied Rheology 9 (1999) 102 —107.

D Laba, Rheological properties of cosmetics and
toiletries, Marcel Dekker, New York, 1993.

[2]
(3]

oxtract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



[4] AM Konkoly, RA Flores, ME Castell-Perez: Use of
a spiral adapter in the characterization of com-
mercial cream cheeses, Appl. Eng. in Agric.
15(1999) 539-542.

[s] HA Barnes: A Handbook of Elementary Rheolo-
gy, The University of Wales Institute of Non-
Newtonian Fluid Mechanics, Aberystwyth,
2000.

[6] HA Barnes: A review of the slip (wall depletion)
of polymer solutions,emulsionsand particle sus-
pensionsinviscometers: its cause, characterand
cure, ). Non-Newtonian Fluid Mech. 56 (1995) 221
- 251,

[71 K Walters: Rheometry: Industrial Applications,
Research Studies Press, Chichester, 1980.

[8] JTLazor: How to relate plastisol viscosity to pro-
cessing problems, Mod. Plast. 42 (1965) 149 —182.

[9] HA Barnes, H Schimanski, D Bell: 30 years of

progress in viscometers and rheometers,

Applied Rheology 9 (1999) 69 — 76.

HABarnes, JF Hutton, K Walters: An Introduction

to Rheology, Elsevier, Amsterdam, 1989.

[1] MRRosen: A rheogram template for power-law

liquids: technique for characterising the rheo-

logical properties of emulsions and polymer

solutions, J. Coll. Interface Sci. 36 (1971) 350 —358.

P Mitschka: Simple conversion of Brookfield RVT

readings into viscosity functions, Rheol Acta 21

(1982) 207 -209.

RW Williams: Determination of viscometricdata

from the Brookfield-RTV viscometer, Rheol Acta

18 (1979) 345-359.

Y Cztlirk, RW Williams: Further consideration to

the determination of viscometric data from the

Brookfield Synchro-Lectric viscometer, Rheol

Acta 19 (1980) 488-496.

JLBriggs, JF Steffe: Using Brookfield data and the

Mitschka method to evaluate power law foods,

Journal of Texture Studies 28 (1997) 517-522.

HA Barnes: Rheology of Detergents in Rheome-

try: Industrial Applications, ed. K. Walters,

Research Studies Press, Chichester, 1980.

[10]

[12]

[13]

[14]

[15]

[16]

APPENDIX: CALCULATING AN APPROXI-
MATE VALUE OF N USING BROOKFIELD
DATA

Typical Brookfield users would not be familiar
with ways the logarithmic manipulations neces-
sarytofindthevalue of n. Asimple way of obtain-
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ing an approximate value of n just using simple
arithmetic is now shown.

p=91090 _y do
dlogy ody (A1)

Expressed in terms of speeds, N, and scale read-
ings T, this be written as

(A2)

For any three rotational speeds, N;, N, and N,
which give % torque scale readings of T, T, and
T3, we can calculate an approximate value of nas

N, (-1
Tz (N3 _N1) (Aa)

For instance, for a power-law of 0.5, and consec-

utive values of N (say N,, N, and N3, ares,10and

20 rpm respectively), then if say T, was 10, then
T,and T3 would be 14.1421, and 20 respectively.

Thenourapproximate value of nis 0.4714 instead
of 0.5. In the same way, the approximate values
of n = 0.25 and 0.75 are 0.2322 and 0.7248. These
are not dissimilar to the kind of variations in the
values of none would obtainwhendrawingaline
through experimental points. Thus, for the pur-
poses of a first correction, this approximation
suffices. Itis not difficult to show that if the ENVs
have already been calculated, then

_ 1 (V,N,-VN)

Vv, (N,-N,)

2

(A4)

where V,, is the ENV at N, rpm.
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