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Introduction
Talking about the production and transport of crude oil
always means talking about flow dominated processes.
In many cases the spot where this flow process is going
to happen is rather difficult to access like deep underground in the oilfield or in a deep water pipeline. Any
mistake when predicting how these flow processes can
be run smoothly can lead to extremely costly operations
trying to restart the flow.
The parameters needed to model the flow behaviour of
a crude oil are its shear rate dependent viscosity (η)
and its temperature dependent viscosity. Directly linked
to the temperature dependency is the crystallisation of
naphthenes, which can lead to severe problems in pipeline transport due to wax deposition [1]. Finally, the
yield stress (τ0) of a crude oil is crucial to know, because
it is closely linked to the force, which needs to be overcome
when restarting the flow e.g. after a shutdown for pipeline
maintenance.
The viscosity of crude oils can vary significantly, depending on their origin and their temperature. To be able to
run the different rheological tests on samples with strongly differing properties, the rheological instrument needs
to offer a variety of test methods and a broad measuring
range.
The Thermo Scientific TM HAAKE TM Viscotester TM iQ
rheometer is a very compact and flexible instrument,
which can be equipped with coaxial cylinders, cone
and plate, parallel plates and vane rotors (Fig. 1). Due
to its improved sensitivity, the HAAKE Viscotester iQ is
able to use smaller measuring geometries, thus reducing
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Fig. 1: The HAAKE Viscotester iQ can be equipped with coaxial
cylinder geometries, vane rotors, cone and plate and parallel plate
geometries.

sample volume, time required for temperature equilibration and cleaning effort. Several test methods can be
stored in the instrument itself, as well as a large number
of test results. Since the HAAKE Viscotester iQ can be
controlled via its integrated touch screen, it can be used
as a standalone instrument without any PC connection.
In case, the rheological tests need to be performed in
the field, for example in a mobile lab on the back of a
truck, the HAAKE Viscotester iQ can be equipped with
a Peltier temperature control unit, which brings its own
heat exchanger. This configuration is quickly disassembled to fit into a compact transport box [2], is reinstalled
within minutes and only needs to be plugged in to be
ready to run.
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Characterising crude oil with
the HAAKE Viscotester iQ

Crude oil sample
The sample tested was a North Sea oil, having the typical characteristics of a low to medium viscosity oil. Although having a higher wax content, its wax appearance
temperature (WAT) is relatively low.

Instrument configuration
For the tests described here, the HAAKE Viscotester iQ
has been equipped with a Peltier temperature module for
cylinders (TM-PE-C) and the heat exchanger. Especially
for temperature dependent tests a Peltier temperature
control module is the preferred choice, because it shows
a very dynamic temperature performance. After a test
has finished the Peltier module is capable to go back
to the start temperature quickly, thus minimizing the
unproductive time between tests.
According to the estimated properties of the North Sea
oil sample, the cylindrical measuring geometry CC25 DIN
has been selected, which needs 16.1 ml sample for
testing only.

Viscosity curves at diffrent temperatures
The temperature dependence of the crude oil’s viscosity
has been tested by running shear rate ramps from 0 up
to 400 s-1 in 10 min at temperatures from +30 °C down
to -5 °C with a temperature decrease of -5 °C between
the flow curves. The whole test sequence was programmed with the Thermo ScientificTM HAAKETM RheoWinTM
software and ran unattended.

Starting from +30 °C, the flow curves are linear (Fig. 2).
In other words, the crude oil shows a Newtonian flow
behaviour. At +5 °C the first non-Newtonian behaviour
be detected. At shear rates above 260 s-1, the flow
curve differs from the green line indicating the Newtonian
flow behaviour. At 0 °C the onset of non-Newtonian
behaviour is at 200 s-1, at -5 °C it happens already at
150 s-1. As expected, the crude oil tested showed a
more pronounced non-Newtonian flow behaviour with
decreasing temperature.

Temperatur
e dependence of the viscosity
emperature
Fresh from the production well a crude oil is still warm,
therefore has a relatively low viscosity and pumping is
quite easy. The crucial bit of information for pipeline
transport is the increase of viscosity when the temperature of the oil decreases due to a lower ambient temperature, e.g. around a deep water pipeline. If the viscosity becomes too high, the achievable production rate
of a pipeline and thus its profit margin will drop.
At the beginning of the test, the oil was equilibrated at
+30 °C under a constant shear of 100 s-1 and afterwards
cooled down to -5 °C within 30 min keeping the shear
rate constant at 100 s-1. Then the test including the
equilibration stage was repeated, but this time applying
a constant shear rate of 250 s-1.
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Fig.
1 2 : Viscosity curves of the crude oil between +30 °C and -5 °C, collected every 5 °C. For the lowest 3 temperatures, the crude oil
shows a slight non-Newtonian behaviour at shear rates above 200 s -1.
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Fig. 3 : Temperature dependence of the North Sea crude oil tested at 100 s -1 and 250 s -1. Between +30 °C and -5 °C the viscosity
increases by a factor of 23 or 15 respectively.

Down to approximately +6 °C both temperature curves are
more or less identical. Below +6 °C the viscosity measured
with the lower shear rate shows a stronger increase.
Comparing the initial values at +30 °C and the final
values at -5 °C, the North Sea Oil showed an increase
of viscosity by a factor of 23 at a constant shear rate
of 100 s-1 and by a factor of 15 at 250 s-1 (Fig. 3).
The viscosity increase of a crude oil during cooling is
based on two effects. Like any other liquid, crude oil
also shows an increase of viscosity when being cooled.
But in addition the crystals formed below its WAT cause
a further increase of its viscosity.
The results of this test show, that a higher shear rate
changes the crystal growth process, which leads to a
lower viscosity increase during cooling.
These results correlate nicely with the behaviour found
in the technical application, where the crystallisation
can be disturbed using higher flow rates or stirring. In
pipelines, especially at locations with lower flow rates,
the risk of wax deposition will increase.

Summary
The compact and versatile HAAKE Viscotester iQ is the
optimum instrument to run quick and reliable tests on
crude oil under different conditions. It can be installed
in a permanent lab or can be used as a portable instrument in the field, where it will fit into almost every bit
of free bench space due to its small footprint.
The typical tests to characterize the flow behaviour of a
crude oil in dependence of the shear rate of the temperature can either be run controlled by the HAAKE
RheoWin software or in standalone mode using the
instruments touch screen.
The tests performed gave smooth data curves of a wide
range of shear rate or temperature, which is an excellent
base for a reliable data analysis with a variety of available methods and models. The test results fit the expected behaviour of the North Sea oil sample tested.
The small sample volume needed reduces the time
needed for temperature equilibration and cleaning, which
allows a more efficient use of the instrument, running
more samples per day.
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