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Principles of viscosity
The physical quantity ‘viscosity’ gives information on how thick a fl uid is and how easily it 
fl ows. In scientifi c terms, viscosity is the measure of a fl uid’s internal fl ow resistance. If you 
compare a high-viscosity fl uid such as honey to a low-viscosity fl uid such as eye drops, you 
will fi nd that at the same temperature, the honey fl ows slower than the eye drops.

The two-plates model provides a mathematical description for viscosity (Figure 1). Think 
of a kind of sandwich [1]: There are two plates with fl uid placed in-between. The lower 
plate does not move. The upper plate drifts aside very slowly and subjects the fl uid to 
a stress, which is parallel to its surface: the shear stress (tau). The force applied to the 
upper plate divided by this plate’s area defi nes the shear stress. Force/area results in the 
unit N/m2. The shear rate (gamma-dot) is the velocity of the upper plate divided by the 
distance between the two plates. Its unit is reciprocal second [s-1]. According to Newton’s 
Law [2], shear stress is viscosity times shear rate. Therefore, the viscosity (eta) is shear 
stress divided by shear rate:

ƞ=  τ/γ ̇ 

Figure 1. The virtual viscous sandwich: the two-plates model.

Viscosity measurement with a rotational 
viscometer
Most rotational viscometers work according to the Searle principle: A motor drives 
a spindle inside a fi xed cup (Figure 2). The test sequence is the following: The user 
attaches a spindle to the rotational viscometer and sets a speed. The spindle starts to 
rotate and the sample contained in the cup will follow this movement. While the driving 
speed is preset, the torque (better: the force) 
required for turning the spindle against the fl uid’s 
viscous forces is measured. The operator receives 
the dynamic viscosity and the torque (mostly in %). 

For most commonly used spring-type viscometers, 
the rotation of the spindle causes a defl ection of 
a spring. Several instrument models with different 
spring types are available in order to measure low-
viscosity to high-viscosity substances. In case of 
low-viscosity substances, the spring needs to be 
suffi ciently sensitive, whereas for samples in the 
high-viscosity range, a more robust spring is required. 

Figure 2. Rotational viscometer – Searle principle. 
Motor and measuring unit (1), stand (2), 
user interface (3), measuring spindle (rotor) (4), 
sample-fi lled cup (5).

Flow behaviour
Viscosity values are not constant values as they are affected by many conditions (Figure 4):

• The ambient conditions: temperature and pressure. 

• The substance’s inner structure: A highly viscous substance features tightly linked   
 molecules and resists deformation.

• The shear rate or the shear stress as external force: This includes all kinds of actions   
 like wiping a substance, or gravity. The infl uence further depends on the strength and   
 on the duration of the external force.

A viscosity curve is used to determine the fl ow behaviour of a substance. The viscosity is 
plotted against the shear rate (Figure 3). Such a curve can be generated with a rotational 
viscometer by increasing the shear rate step-wise with a defi ned measurement point 
duration. The temperature and other ambient conditions are constant.

If a fl uid’s internal fl ow resistance is independent of the external force (shear rate) acting 
upon the fl uid, it is ideally viscous (Figure 3: curve 1). Such fl uids are named Newtonian 
liquids after Sir Isaac Newton. Typical materials from this group include water, mineral 
oil, salad oil, and solvents. Shear-thinning behaviour (or: pseudoplastic) is characterised 
by decreasing viscosity with increasing shear 
rates (Figure 3: curve 2). Typical materials 
are coatings, glues, shampoos, and polymer 
solutions. Shear-thickening (or: dilatant) means 
increasing viscosity with increasing shear rates 
(Figure 3: curve 3). Materials that typically 
display such behaviour include highly fi lled 
dispersions, such as ceramic suspensions, 
starch dispersions, and dental fi lling mass.

Figure 3. Viscosity curve. Different types of fl ow 
behaviour: Newtonian (1), shear-thinning (2), 
shear-thickening (3).

Yield point
The yield point (also called yield stress) is the lowest shear-stress value above which a 
material will behave like a fl uid and below which the material will act like a solid [3]. The 
yield point is the minimum force that must be applied to those samples so that they start 
to fl ow. The yield point is of vital importance for many practical issues and applications 
e.g., for quality control of fi nal products or for optimising the production process.

The yield point is not a material constant but depends on the measuring and analysis 
method used. There are many different methods available. On rotational viscometers, the 
yield point is often calculated from fl ow curves measured with a linear increase of the 
shear rate. The yield point is calculated using 
model functions (e.g., Bingham, Casson, or 
Herschel-Bulkley). For all these approximation 
models, the yield point value τ0 is determined 
by extrapolation of the fl ow curve towards a 
low shear rate value (Figure 4). Each different 
model function produces a different yield point 
because the calculation is different.

Figure 4. Flow curve. Sample without yield point 
(1), sample with yield point (2).

Practically all industries rely on viscosity checks to develop, formulate, and produce a product with consistent characteristics. Many important parameters for the 
production control of materials and also for the development of new products are directly related to the product’s viscosity. Rotational viscometers are perfectly 
suited for the determination of the viscosity of samples ranging from liquid (e.g., nose drops, juices) to semi-solid (e.g., waxes, sauces). This article provides 
insights into the basics of viscometry, quality control parameters, and application examples.
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Another method for yield point determination is the vane technique. It is a very quick and 
easy method for analysing the yield point of paste-like samples. A vane spindle with four 
thin blades arranged at equal angles is used for the test. A constant low speed is preset 
on the rotational viscometer. The maximum yield stress, which can be detected during 
the measurement, is the yield point value. To illustrate the yield point in a graph, the 
torque is plotted against the time (Figure 5). The diagram has three typical regions [4]:

• The shear stress increases due to deformation as an elastic response.
• A shear stress peak is achieved due to a collapse of the microstructure of the material.  
 This point is called the yield point.
• A stress decay due to the structural breakdown can be visualised.

Figure 5. Yield point determination with the vane technique (red line = yield point).

Example applications with various rotational 
viscometer confi gurations
Concentric cylinder systems: The viscosity 
of cough syrup was analysed using a 
spring-type viscometer (R-model for regular 
viscosity samples) with a concentric 
cylinder measuring system (Figure 6). 

Concentric cylinder systems are absolute 
measuring systems. Due to the defi ned 
spindle geometry, it is possible to calculate 
shear rate values. The sample volume 
needed for the measurement is relatively 
low (approx. 2 mL to 20 mL). In contrast, 
for a typical rotational viscosity test with 
standard spindles, a sample volume of 500 mL is required.

In contrast to, for example, water and juices, cough syrup has a relatively high viscosity 
in order to coat the surface of the throat (Figure 7). To evaluate the fl ow behaviour of the 
sample, it is useful to calculate the shear-thinning index. If the value is >1, the sample is 
shear-thinning. If the value is <1, the sample is shear-thickening. The measured cough 
syrup has a shear-thinning index of 1, which means that the sample shows a so-called 
Newtonian behaviour. This means that the sample’s viscosity does not change, even if a 
higher speed is applied, for instance, during swallowing. 

Figure 7. Viscosity measurement of cough syrup.

Cone-plate measuring systems: The quality of a gel for muscle and joint pain was 
controlled by rotational viscosity testing using a spring-type viscometer (R-model for 
regular/medium viscosity samples) with a cone-plate measuring system (Figure 8). 

The cone-plate system offers the chance 
to reduce the required sample volume for 
a viscosity measurement down to 0.5 mL 
to 2 mL. Moreover, cone-plate measuring 
systems provide absolute viscosity 
determinations for sophisticated and 
reliable measurements.

The Herschel-Bulkley model gives the product’s yield stress as well as the product’s fl ow 
index and consistency index (Figure 9). 93.38 N/m² need to be applied on the tube to 
make the gel fl ow. In order to prevent liquids like gels from fl owing out of the tube when 
no force is applied, the yield point has to be analysed. A fl ow index of 0.4155 (<1) means 
that the gel has a shear-thinning fl ow behaviour. Gels have to show shear-thinning fl ow 
behaviour because the viscosity has to decrease when a force is applied, for example, 
when squeezing it out of a tube or applying it to the skin. 

Figure 9. Flow curve diagram and yield point determination of gel using the Herschel-Bulkley   
mathematical regression model. 

Vane spindles: The yield point of porridge was analysed using a spring-type viscometer 
(R-model for regular viscosity samples) with a vane spindle (Figure 10). 

Vane spindles are required for 
measuring the yield point of paste-like 
samples (also with particles). These 
spindles reduce slippage and minimise 
structural changes of the sample 
during immersion of the spindle. The 
spindles are also suitable for viscosity 
measurements at a certain speed. 
Vanes are relative measuring systems 
but are the only solution for measuring 
paste-like samples with particles. They 
are also cheap.

The measured porridge shows a yield stress of 252 N/m2 (Figure 11). This parameter 
can be important for production, as it defi nes how much pump power is needed. 
Furthermore, it is known that the mouthfeel of food products is related to the yield stress. 
Creaminess correlates with a higher yield stress value. 

Figure 11. Yield stress measurement of porridge with vane spindle

T-bar spindles with motorised stand 
adapter: The viscosity of mayonnaise 
was measured using a spring-type 
viscometer (R-model for regular 
viscosity samples) with a motorised 
stand adapter and T-bar spindle 
(Figure 12). 

A motorised stand adapter with 
T-bar spindles is a cheap and reliable 
measurement confi guration for pasty, 
non-fl owing samples like mayonnaise 
(without particles). The motorised stand 
adapter replaces the hand-wheel of the 
viscometer. 

Figure 6. Concentric cylinder spindles.

Figure 8. Cone-plate spindles used with a 
rotational viscometer from Anton Paar GmbH

Figure 10. Vane spindles. 

Figure 12. Rotational viscometer with  
motorised stand adapter and T-bar  
spindle (Anton Paar GmbH).
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Figure 13. Viscosity measurement of mayonnaise with a rotational viscometer equipped 
with a motorised stand adapter and T-bar spindle. The viscosity values of the last 30 s of the 
measurement have been averaged.

It moves the spindle during the measurement up- and downwards within the sample at 
a slow speed. It eliminates the so-called ‘channelling’ problem. Any spindle that rotates 
constantly at the same height will create an air channel within the sample, which will lead 
to meaningless viscosity values as the sample is not in contact with the spindle anymore. 
The moving viscometer head with T-bar spindles eliminates this problem by continuously 
measuring the intact sample due to the helical spindle movement.

At the beginning of the measurement, the viscosity of the mayonnaise is zero because 
the measurement started approximately half a centimetre above the sample (Figure 13). 
Then the spindle rotates through the sample, which leads to a viscosity plateau after 
a short period of time. Within this plateau, the viscosity can be averaged. The selected 
mayonnaise has an average viscosity of 14,830 mPa·s (74.2 % torque). The goal of 
production is that mayonnaise has a proper thickness for the application regardless of 
the fat content.
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Sustainable Tubes from Cooking Oil Waste
Eppendorf is no longer only focusing only on the development of new products, but also on new manufacturing materials. In line with the 
‘Reduce, Reuse, Recycle’ concept, the main goal is to produce polymer products in a much more sustainable way without compromising 
the guaranteed product quality and performance needed in increasingly demanding research.

The new generation of tubes ‘Eppendorf Tubes® BioBased’ is made from 90% ‘bio-circular’, renewable-based feedstook (recycled e.g. from 
food oil wastes and residues) plus 10% fossil-based feedstock. Thus, these tubes in the sizes 5.0 mL, 15 mL, 25 mL and 50 mL with screw 
cap are made of certifi ed polypropylene based on renewable, recycled raw materials and are called ‘BioBased’.

The Consumable production centre in Oldenburg/Germany meets the requirements of the ISCC PLUS (International Sustainability & 
Carbon Certifi cation) certifi cation system. Additionally, sustainability of the tubes is certifi ed by ‘My Green Lab®’ with ‘ACT Certifi cates’ 
(Accountability, Consistency, Transparency).

More information online: ilmt.co/PL/M2aV

58641pr@reply-direct.com

Ultrasonic Cleaning Solutions for Laboratory Applications
The cavitation phenomenon consists of the formation and growth of millions of microscopic bubbles under a low-pressure stage, produced into the 
ultrasonic bath due to a high power transducer 40kHz. These bubbles break in all directions and attack every surface in contact with water, 
erasing dirt, impurities and pollutants when contacting with the materials or pieces into the bath. This phenomenon allows cleaning all kind 
of items without the need of disassembling, due to all the surfaces being in contact with the liquid. The heating function of the unit allows 
the acceleration of this cleaning process.

Wiggens presents two series of standard ultrasonic cleaners with reliable quality and useful features, which allows the users a wide 
range of cleaning applications such as lab materials, medical instruments, dental prosthesis, optics, industrial items, jewelleries, also the 
degasifi cation or liquid dissolution and compact substances disaggregation.

The following are the standard working volumes supplied: 3, 6, 10 and 22 litres, and bespoke volumes can be ordered for different 
applications. All functions can be viewed and monitored on a large and clear touch screen display. The parameters can be set by screen touching, 
including the ultrasonic working power (40% to 100%), bath temperature (20°C to 80°C), timer and warning function for safety.

All models are equipped with lids and trays that allow the parts they introduce to be directly cleaned without damaging the transducers and for easy handling.

In addition to the standard ultrasonic cleaners, Wiggens also offers the ultrasonic cleaners with special added functions. The Shaking Ultrasonic Cleaner is a good example, which means that the 
sample can be pre-homogenised at a specifi c shaking speed, and then fi nal homogenisation can be achieved in a very short time, using ultrasonic power These two procedures can be carried out 
simultaneously or separately. Another added function is an ultrasonic cleaner with cooling for use in pathology and analysis labs, where the temperature of bath can be maintained at 10°C to 40°C even 
with the ultrasonic power generating heat continuously.

Contact Wiggens to accelerate your cleaning process.

More information online: ilmt.co/PL/9D59 56962pr@reply-direct.com
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