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Abstract

The use of traditional rotating viscometers to nieashe rheological properties of massecuite
in a sugar factory has not been suitable due topteeence of crystals in the massecuite,
hence the suitability of a pipeline viscometer t@asure massecuite consistency was
investigated. The theoretical aspects of the vistemand its ability to measure non-

Newtonian fluids are reviewed, and the results omparisons between the pipeline

viscometer and a traditional rotating viscometer given. The effects of crystal content and
temperature on the consistency of a final masseeug discussed. Preliminary results show
that the pipeline viscometer is better suited toasueing the rheological properties of

massecuite than traditional rotating viscometers.
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Introduction

The measurement of massecuite viscosity or comsigtes extremely difficult due to the
physical properties of the material. There is n&truiment that is endorsed by ICUMSA for
the measurement of massecuite consistency. Not miaogmeters are suitable for measuring
massecuites due to the high Brix concentrationaapstal content of the material. Traditional
rotating viscometers have been used; however, thage not found wide application due to
numerous problems, the main one being that theaisyare pushed aside while the spindle is
rotating, leaving only a pool of molasses. The lmgeviscometer has been used in Australia
(Ness, 1980; Broadfodd al., 1998) with some success. It appears to be matabsi than

the rotating viscometers for investigating flow pecties of massecuites as there are no
rotating spindles. Following the construction opigeline viscometer at the University of
KwaZulu-Natal (UKZN) with the assistance of Tongddlett Sugar Ltd, investigations
were conducted on the suitability of the instrumentneasure prepared C-massecuites and
the effect that crystal content has on massecauitsistency. The samples were also measured
on a traditional rotating viscometer (Brookfieldy tomparison.

Theory

Viscosity is defined as the ratio of the shearitrgss applied to the rate of shear produced.
For a Newtonian fluid this ratio is constant, ii@dependent of shear rate, and the
proportionality constani is called the viscosity. This is represented bydipn 1.

For non-Newtonian fluids the proportionality comdtés dependent on shear rate. If the ratio
u falls progressively with an increasing shear rates, called the consistency (K) rather than
the viscosity. The official method adopted by ICUM® calculate consistency is the power
law model represented by Equation 2.
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wherer = shearstress(Pa)
M = viscosity(Pa.s)
andd—y = shearrate (s*)
dt
dy"
r=K[=—=| ... 2
& @
where r = shearstress(Pa.s)
K = consisteng (Pa.s')
dv _ shearrate (s™)
dt
n = flow behaviour index (dimensionless)

K is a measure of the consistency of the fluid anddicates the degree of non-Newtonian
behaviour. When n = 1, the fluid is Newtonian. Msue of K is obtained by plotting the
natural logarithm of shear stress versus the natogarithm of shear rate, namely In) (
versus In (¢/dt) using linear regression analysis. The expaakof the constant (intercept)
obtained from the regression is equal to the ctersty K.

Pipeline viscometer theory

This method is used in Australia and is describgdNkss (1980). It consists of a tube of
specific length and diameter. Massecuite is fortadugh the tube under pressure with
compressed air, and the pressure difference atiespipe AP) and the flow rate (Q) are
measured. The shear rate and shear stress caloslatat are required are shown in
Equations 3 and 4.

shearrate = %/ .......... 3)

whereV = fluid velocity (m.s™)
D = pipediameter (m)

DAP

Shearstress = T"'F’e ......... (4)

where D = pipediameter (m)
L = lengthof pipe section(m)
AP = frictional pressureloss(Pa)

The flow behaviour index n is calculated by plaftishear stress versus shear rate, and K can
then be calculated (Equation 5).
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DAP

pipe

K = aL — (5)
3n+1) 8V
4n D
Rotating cylinder viscometer theory
One of the most common brands of viscometer thes$ ustating spindles is the Brookfield
Viscometer. It makes use of cylinders, disc spisded T-spindles to calculate the viscosity

of fluid, and uses the ‘rotating cylinder in animtfe medium’ theory (Skelland, 1967) to
calculate shear rate and shear stress. The cabridatre shown in Equations 6 and 7.

shearstress =

2Mr?¢

wheret = torque readingfrom viscometer(N.m)
r = radius of cylinder (m)
¢ = lengthof cylinder (m)

shearrate = —— ... (7)

where N = rotational speedrps)
flow behaviourindex (dimensionless)

n

The flow behaviour index is obtained by plottingaioe (t) versus N.

Equations 6 and 7 are applicable only to cylingerd not to the T-spindles that are used with
this viscometer unless some modifications are d@ssed on the work by Lionnet and

Barker (1995) the T-spindles needed to be treasedyinders in order to use the infinite

medium theory method described. To do this an #¥iedength was calculated for each T-

spindle. Where the viscosity of a sample is knowd the infinite fluid method is applied, a

new or effective length for the T-spindle can b&wated. The viscosity values used were
Brookfield viscosity standards.

Effective lengths were calculated for all the Traj)es and, since shear rate and shear stress
could now be calculated, consistency of non-Nevaoriiuids could be measured using these
T-spindles.

Experimental

To check whether the pipeline viscometer would ble & make accurate measurements, a
sample of a 60° Bx sucrose solution and a sampfmalf molasses were measured using the
pipeline viscometer and the rotating viscometeo@&field). Viscosity standards could not be
used, as the amount of sample required was toe farga single test. Results were compared
to literature values for the viscosity of sucrogdusons (Chen and Chou, 1993) and the
molasses results from each viscometer were compareach other.

C-molasses and C-sugar were collected from a SaAfriban sugar factory to prepare C-
massecuites. Initial attempts to obtain Nutsch ss#a from laboratory centrifugals were in
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vain, as the required temperatures could not behezhin a laboratory centrifugal and the
massecuites would not cure without wash water. i@ioiga Nutsch molasses from factory

centrifugals also proved difficult, as wash waterthe machines could not be stopped.
Finally, the C-massecuites were prepared by meastine Brix to calculate the amount of C-

sugar to be added to the molasses to reach satyraimd then adding enough C-sugar to
achieve the crystal content. The main aim was\estigate the effect of crystal content while
the Brix of the mother liquor remained constantuidifferent levels of crystal content were

prepared, namely 3%, 17%, 22% and 28% crystal obnide crystal content was measured
by allowing the massecuite samples to stir overnigla jacketed vessel at 55°C, after which
a Nutsch sample was obtained and sent for analysis.

The consistencies of the massecuites were meaatiffsl and 65°C respectively, using both
viscometers. In all measurements involving the Ipipeviscometer, the flow through the pipe
was proven to be laminar. The effects of differlmmgth to diameter ratios (L/D) were not
investigated and only the results using tube 2sh@wvn (L/D=40). End effects were not
measured and were ignored in the calculations. NE330), however, does mention that at
low flow rates and high L/D ratios (>10-20) the eeflects are small. To minimise air
entrainment, each sample was left overnight in éewhath to degas. The amount of air
entrainment was not measured and calculations tessaimed that there was no air
entrainment in the samples.

All work on the pipeline viscometer was done by WKZAtudents at the UKZN Chemical
Engineering Laboratory. Measurements using the IBreld viscometer were done at the
Sugar Milling Research Institute.

Results and Discussion
Comparative tests
The results of comparative tests done with the BR°pure sucrose solution and final
molasses are given in Table 1.

Table 1. Comparisons between the pipeline and Brodikld viscometer and literature values.

Pipeline Brookfield Li .
. : iterature
Sample Temp V|§cometer V|§cometer .
(°C) Consistency Consistency Consistency
(Pa.s) (Pa.s) (Pa.s)
Sucrose solution 17 0.24 111 0.10 1.3 0.08 1.0
Final molasses 65 1.3 0/9 2.4 0(8 — -

*(Chen and Chou, 1993)

The results show that the pipeline viscometer wess laccurate than the Brookfield
viscometer when measuring the pure sucrose solufiba pipeline viscometer was able to
measure the flow behaviour index more accurateiy tthe Brookfield viscometer for the
sucrose solution.

There was better agreement when the molasses wasured. It is expected that the errors
involved when using the pipeline viscometer will bauch larger than when using the
Brookfield, due to the nature of the equipment, #mat these errors will decrease as the
consistency of the sample being measured increases.
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Effect of crystal content and temper ature on massecuite consistency

The differences between the consistency of masgeand molasses (mother liquor) can only
be ascribed to the presence of crystals, both dnéent and the size. The effects of crystal
content on massecuite consistency (with regredsies) are shown in Figures 1 and 2. The
consistency of the massecuite was measured with that Brookfield viscometer and the

pipeline viscometer at 55 and 65°C. Unfortunatéhg, consistency of the massecuite with a
crystal content of 22% was not included in the stigation as the container in which it was
kept was cracked. This allowed water to enter whigating, and the consistency value
calculated was therefore incorrect.

y = 30474 + 27 226
R< = 0.9995

y = 11458 + 17252
R* = 09622
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Figure 1. Effect of crystal content on massecuiteoasistency at 55°C.
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Figure 2. Effect of crystal content on massecuiteoasistency at 65°C.
The following was established with these investaye:

* Both the pipeline viscometer and the Brookfieldcaimeter show that the effect of crystal
content appears to be linear at both temperaturés good correlations. Awang and
White (1976) and Ness (1980) show a logarithmiatirehship between crystal content
and viscosity of massecuites. However, direct cormpas between their work and this
work is difficult due to the different test methagsed.

 The pipeline viscometer measured higher consistenaijies than the Brookfield
viscometer. Work done by Ness (1980) showed thesigpresult. However, Ness used
rotating cylinders and this work used T-spindles.

« The consistency of the massecuite is approximéigyed for a 10°C rise in temperature;
this was evidenced with both viscometers. This Itesgrees with that reported by Ness
(1980).

Further work

This is the first time that a pipeline viscometashbeen used to measure South African
massecuites, and the results presented here alienipagy. Further investigations are
required in the following areas:

* Repeatability tests need to be done.

* Measurement of a suitable high viscosity standaréduired.

* The effects of different sized tubes (L/D ratiosgd investigation.

* Measurements of molasses and massecuites fromediiffiactories need to be done.
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