
Presentation Title:  Recent work on Secondary Flows at Durham University.   
 
Abstract:  Surface flow visualisation is an experimental technique where the surface of interest 
is painted with an oil and dye mixture before a flow is applied to the object. In regions of high 
shear stress the oil/dye mixture is then removed and in regions of low shear stress the oil/dye 
mixture stays or builds up. The resulting pattern can be analysed to determine the structure 
near the surface under test, this is normally done in a qualitative manner with flow structures 
being identified based on the expertise of the experimentalist. 
Modern image processing tools can identify shapes and lines in pictures and this talk describes 
the development of an algorithm to apply these techniques to surface flow visualisation and 
derive quantitative numerical data from the visualisation images. The well know "Durham 
Cascade" a low speed, linear cascade with around 110 degrees of turning was used as a test 
case for this technique. The talk will show how the direction of streamlines, location of saddle 
points and positions of maximum shear stress were identified and quantitatively compared to 
computational fluid dynamics of the same case.  This is all done with "off-the-shelf" image 
processing software and there is potential for more sophisticated analysis of the flow pattern 
when some knowledge of the fluid dynamics is added to the image processing techniques.  In 
addition a brief description of other recent work at Durham will be outlined.   
 
Biography:   Grant Ingram spent two years in the electricity supply industry working on power 
stations large and small before completing a PhD sponsored by Rolls-Royce in 2003.  He joined 
Durham University as a Lecturer in September 2005.  Since then he has worked on two key 
areas of research: conventional turbomachinery and renewable devices. Both of these activities 
are approached from a fluid dynamics background with a focus on improving engineering 
designs and processes. Notable projects include work on axial flow turbine aerodynamics, his 
work on blade lean and profiled endwalls in turbomachinery won the PE Publishing Prize for the 
best paper published in the Journal of Power and Energy in 2008. Also on the conventional 
turbomachinery side he has conducted research on steam turbine diffusers and innovative 
sealing concepts for turbine applications. On the renewable side of his research he has also 
examined the starting process of both vertical and horizontal axis wind turbines and worked on 
applying fluid dynamics techniques to the real time thermal rating of power cables. 
 


