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Introduction

World energy demands are increasing and there is a requirement to 
exploit unconventional hydrocarbons to meet the need. Around 70% 
of the world’s remaining reserves are classed as high viscosity. The 
flow measurement of these fluids is not without issue [1].

The fundamental fluid dynamics is complex and causes mis-
measurement issues with all flow measurement technologies. In 
particular there are issues of:

• Critical Reynolds number
• Transitional flow
• Flow Profile
• Separation
• Non-Linear Performance Index

A method has been developed to calculate Reynolds number in real-
time and hence remove errors associated with the Performance 
Index non-linearity. Furthermore, by including an additional input of 
rate or density allows for calculation of physical properties.

Theory

The theory starts with the development of a new equation for
calculating friction factor. This equation is derived by substituting
the differential pressure flowmeter equations into the Darcy-
Weisbach equation. The new equation is independent of physical
properties.

Once friction factor is calculated, Reynolds number can be
calculated and finally discharge coefficient. These three parameters
are solved iteratively to provide the solution.

Further to this advancement, by using a second flowrate or input of
density it is possible to calculate the physical properties of the fluid
in real-time delivering a 3-in-1 flowmeter.

Test Results

Fig. 1 – NEL High Viscosity Test Facility

Fig. 3-6 – Test results for Quadrant Edge Orifice Plates

Fig. 2 – Typical Method Set-Up and Calculation Steps

[1] Mills, C. et al, Flow Measurement of High Viscosity Fluids, North Sea Flow Measurement Workshop, 2013
[2] NEL Project Number FHRE17,  Diagnostics for Laminar Flow, 2011
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Fig. 7-10 – Test Results for Coriolis Meter


