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INTRODUCTION 
In enhanced oil recovery processes, the extensional properties of the 
viscoelastic fluids frequently exhibit strong extensional thickening well 
beyond the Trouton ratio for Newtonian fluids. In order to predict the 
process conditions that will optimize fluid flow or characterize the 
final product, a thorough rheological characterization of materials in 
both shear and extensional flow conditions is recommended.  

 

THE PROCEDURE 
Xanthan gum and partially hydrolyzed acrylamide (HPAM) solutions 
have been shown to demonstrate mechanical degradation in porous 
rock.  When applying enhanced oil recovery processes, the solution 
undergoes extension and shearing as it flows through porous media.  

Because of this, measuring the extensional and shear viscosities as a 
function of extensional and shear rates with e-VROC™ is important. 
This study measured shear viscosity and extensional viscosity in 
xanthan gum and XPAM solutions. In addition, Newtonian liquids, 
such as water, silicone oil, and 1% Aquet detergent were tested for 
comparison.  
 

THE TECHNOLOGY 
For the purposes of this evaluation, RheoSense VROC® technology 
was used. With VROC®, RheoSense took the standard principles of 
rheometry and added microfluidics and MEMS manufacturing 
principles to create a dynamic micro-sample viscometer.  As a result, 
VROC technology offers capabilities that are well beyond the limits of 
conventional viscometers. 
 
The VROC® sensor obtains a viscosity reading by measuring the 
pressure drop as test liquid flows through the flow channel. This is a 
well-known application of the principles of rheometry. 
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BENEFITS OF VROC® SOLUTION 

 
m-VROC™ 

 Measures shear viscosity in applications 
where sample size, automation, and a wide 
dynamic operating range are important 

 Provides highly accurate, repeatable results  

 Offers a variety of different measurement 
cells, thermal jackets and syringes allow the 
measurements to be performed over a very 
wide range of viscosities and shear rates.  

 
e-VROC™ 

 Provides extensional flow data, which 
enables the user to model, predict, and 
optimize the process and final product. 

 Measures the pressure upstream and 
downstream of a contraction using the 
MEMS pressure sensors, and it registers 
changes in the flow. 

  Measures extensional viscosity at high 
extensional rates. 
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As the test liquid is forced to flow through the flow 
channel of the sensor, pressure is measured at positions 
of increasing distance from the inlet. The slope of the 
straight line in the plot of the pressure versus sensor 
position is proportional to the viscosity. 
 
To measure shear viscosity, m-VROC™ with a C05 chip 
was used. m-VROC™ is ideal for R&D applications where 
sample size, automation, and a wide dynamic operating 
range are important, and accuracy and repeatability are 
a necessity. 
 
To measure extensional viscosity, an e-VROC™ chip with 
400 µm contraction and 400 µm throat was used. e-
VROC™ provides extensional viscosity data by monitoring 
the sample flow through a microfluidic contraction within 
the measuring cell. The system measures the pressure 
upstream and downstream of a contraction using the 
MEMS pressure sensors, and it registers changes in the 
flow. The fluid undergoes an almost constant extension 
through the contraction/expansion, enabling the 
calculation of the extensional viscosity.  
 

 
Figure 1: Plan view of the contraction zone. 

 

THE RESULTS 
 
Shear Viscosity 
The shear viscosities of the solutions measured with m-
VROC™ are plotted in the graph below against shear 
rates.   
 

 
 

 
 
 
 

 
 

 
Figure 2: Shear viscosities versus shear rates 

 
While silicone oil shows a Newtonian viscosity, HPAM and 
xanthan gum solutions exhibit a strong shear thinning 
behavior, which would be a good attributes for enhanced 
oil recovery.  Note that two minutes or 17 seconds of 
relaxation duration after shearing for HPAM did not make 
any difference.  Xanthan gum shear thins more than 
HPAM.   

 
Extensional Viscosity 
The graph below shows the measured extensional 
viscosities of HPAM, xanthan gum, and other Newtonian 
liquids with e-VROC™.   

 

 
Figure 3: Measured extensional viscosities of HPAM, xanthan gum, 
and other Newtonian liquids with 
e-VROC™. 

 
Unlike viscosity, the extensional viscosities of HPAM and 
xanthan gum are quite different implying that extensional 
viscosity of the HPAM is significantly higher than xanthan 
gum.  Such a significant different can be correlated with a 
long liquid filament formation of the HPAM solution when 
the solution is stretched between fingers.   

 

ADDITIONAL APPLICATIONS 
High extensional shear rate could break HPAM molecules.  
One sensitive method to find out is to measure the 
extensional viscosity.   


