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Abstract

For the characterization of the viscosity and tloavfbehavior of heavy and extra heavy oil, a high
pressure, high shear rate capillary rheometer kaa developed. Due to the commercial rise in the
exploitation of heavy and extra heavy oils, non-avan flow behavior becomes relevant.
Information on the flow properties of these heaug,@articularly at high pressure and high shear
rates is essential for recovery and processingadsthlhe capillary rheometer consists of two high-
pressure vessels connected by a tube system ingladtalibrated capillary. Each vessel is equipped
with a hydraulically operated metal bellow that ¢tenvaried in size to make oil flow from one vessel
through a capillary, into the other one at a cdigdorate of flow. From the measured pressure drop
the viscosity of Newtonian fluids is calculated wilagen-Poiseuille’s law. The capillary rheomeser i
designed for ambient operating conditions up to01Ba&r and 200°C. Fluids with a viscosity between
1 and 100000 mPas can be measured under high sitear The maximum possible shear rate
depends on the viscosity of the fluid. For fluidéhawiscosities under 4000 mPas, shear rates up to
50000 1/s are possible. Viscosities up to 10000as#ll allow shear rates of 4000 1/s. Before fpein
set into operation, the apparatus is calibrated nmange up to 500 bar with viscosity standards that
have been independently measured to high-pressuadgtions. In this range, the apparatus works with
an overall accuracy of about 3%.

Introduction

During the last quarter of the 2@entury, the global need for crude oil showedahlstannual growth
rate of about 1 % in average [1]. As a result & dtonomic development and the demographic
growth in the emerging economies and the increasmgsumption of energy in industrialized
countries, this demand has visibly increased duttiedfirst years of the 24century [2].Currently the
world's demand for energy increases by 8% each [@gabDifferent international studies foresee that
in the next 20 years at least 80% of the world gneupply will come from raw fossil fuel materials
[4,5,6]. Accordingly, oil will be the most importasource of energy for the next decade. Heavy oil
represents at least half of the recoverable oduess of the world [7]. As the available reseraes
limited, effective recovery processes gain in int@oce [8]. It is estimated that there are about 6
trillion barrels of heavy oil reserves, six timd® tconventional amount [9]. Rheological properties
such as the dynamic viscosity as a function of emaipire, pressure and shear conditions are vital fo
Enhanced Oil Recovery (EOR) as well as for trartgpion and processing of heavy oils. During
production and refining, the oil is subject to krgariations in temperature resulting in cuts tat
form light fuels to asphalt residues which leadvariations in viscosity of orders of magnitude.
Nevertheless, the flow behavior of heavy and eltavy mineral oils is barely investigated. Usually
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