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ABSTRACT: The falling ball viscosimeter (Hoppler) was modified to measure the rheological properties of non-Newtonian food 
fluids. The theory that formed the basis in developing this rheoviscosimeter was the analysis of slow falling of rigid spheres in the 
vicinity of non-Newtonian fluids. An electromagnetic device with automatic chronometry has permited the determination of the 
corresponding shear stress and the shear rate through the terminal velocity measurements, including non transparent fluids. The 
falling ball rheoviscosimeter demonstrated precision when tested with a Newtonian product (glycerol) and gave flow constants not 
significantly different from those obtained using rotoviscosimeters for the evaluation of a non-Newtonian product (carrageenan). 
The rheological parameters (K, n) of carageenan, in this work, demonstrated agreement when compared with results obtained 
with different rheoviscosimeters. Although the modified Hoppler viscosimeter as reported here does not encompass as wide a 
range of shear rates as some of the more expensive instruments, its range is sufficiently large to include most food fluids in 
respect to the stimulations associated with the sensory evaluation of viscosity. 
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1 - I N T R O D U T I O N 

Food scientists and technologists, even not directly 
involved in food rheology, have in some moment their 
interest led toward the determination of f low 
characteristics of food fluids which they work wi th . These 
characteristics are essential in plant design, quality 
control and consumer acceptance. 

non-Newtonian fluids in the vicinity of r igid spheres 
infers the possibility of rheological measurements of food 
fluids, employing a simple system of fall ing balls 
(MASSARANI & T A N , 1977). 

In this work, a fall ing ball viscosimeter, known as 
Hoppler or Stokes viscosimeter (MLW, Typ. BH2 Nr. 
16691), was modif ied and combined wi th an 
electromagnetic device to obtain an accurate, versatile 
and low cost system to study characteristics of food fluid 
f low. 

2 - M A T E R I A L S A N D M E T H O D S 

2.1 - Theoret ical basis 
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3 6 0 

Many food fluids wi th non-Newtonian 
characteristics require rheoiogical measurements over 
ranges of shear rate, temperature and concentration, to 
be described appropriately (BRODKEY, 1967). 

The rotoviscosimeters are the most frequently used 
equipments in rheoiogical determinations. Meanwhile, 
the high cost of these equipments has l imited their use 
{SHOMAEKER et al., 1987). 

The theoretical analysis of the f low of 



3 - E X P E R I M E N T A L 

An ultrathermostatic bath FANEN, model 111, 
controls the temperature of the sample. The sample 
volume is about 40 mL An eletromagnetic device is 
constituted of field coin (source 1.5V), It is inserted into a 
" ferr i te" bar. The stainless steel spheres (specific gravity 
7.7734 g.cm - 3 ) are hold in place due to the magnetic 
f ield. A key cuts the magnetic field which releases the 
sphere and puts in motion a digital chronometer at the 
same t ime. The operation is finished when the sphere 
touches the bottom electric sensor (copper sheet in X 
shape) built in a " tecni l " (polyamide-Rhodia) cylindric 
piece. The experimental data were obtained changing the 
diameter of the spheres (0.1585 to 0.7420 cm) (YABE, 
1989), being 1.60 cm the internal tube diameter. 

The Figure 1 shows a sketch of the modified 
viscosimeter. The slope of 90 degrees must be 
maintained constant through a precision level apparatus. 
The relationship space-time determines the sphere 
terminal velocity (YABE, 1989). 

The influence of acceleration in terminal velocity 
determination, even at less favorable conditions, i.e., 
f lows of sphere with smallest diameter, did not show a 
mean relative error higher than 4% (YABE, 1989). 
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The device was tested at 25°C with a Newtonian 
fluid (glycerol) and a non-Newtonian (carrageenan 
solution at 1%) (CIALGAS, SP, BR) to evaluate their 
performance when applied to food fluids. 

4 - RESULTS A N D DISCUSSION 

A comparison was conducted between the modified 
viscosimeter and a traditional Hoppler viscosimeter 
(Table 1). For this, glycerol (25°C), recommended 
substance to standardization (LANGE, 1973), was used. 

The report of a cooperative study under auspices of 
European Cooperation in Scientific and Technical 
Research (COST, 90) (PRENTICE & HUBER, 1983), about 
food rheology, indicated that a carrageenan gum (1%) 
solution at 25°C, showed more consistent results between 
the non-Newtonian food gums. The carrageenan is a 
hydrocolloid used as ingredient in food formulat ion, due 
to their functional properties such as thickening, gelling 
and emulsifying agent (FROST et al., 1984). It is used in 
the production of pudding, ice cream, jelly and other 
foodstuffs. 

The European scientists (COST, 90) data to 
carrageenan 1% at 25°C, were modeled in this study 
employing the power iaw model through non-linear 
(NLIN) regression (SAS, 1985). 
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sensory evaluation of viscosity. Correlations between 
instrumental and organoleptic measurements may be 
established, if known the prevalent conditions during the 
sensory evaluation (RAO, 1977). 

In fact, Theological behaviors were established for 
pear pure, sweet condensed milk and orange honey, 
employing the falling ball rheoviscosimeter, which 
showed an agreement wi th the data published in 
literature (YABE, 1989). 


