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ABSTRACT 

 The basic task of hydrodynamic stability theory is to explain all possible phases of 

transition from laminar flow to turbulent flow in various dynamic systems of fluid 

mechanics. Nevertheless turbulent flow problems are still considered unresolved. The 

problem of predicting the stability characteristics of   wake flow is of great theoretical and 

practical importance, because these flows occur very frequently in engineering systems, 

especially in environmental, aeronautical, civil and industrial engineering applications, due 

to possible resonance of the Strouhal frequency with structural resonance modes. The 

history of the problem is discussed in brief, including organised structures in laminar and 

turbulent wakes and hydrodynamic stability analysis in some cases. Brown & Roshko 

(1974), and Roshko (1953, 1992) for example, performed experiments on turbulent mixing 

layer and wakes. Organised, coherent structures and  other processes like vortex pairing, 

triplet and quadruplet formation were observed in these experiments, which were very 

similar to the ones observed in the laminar mixing layer. These breakthrough works 

provide a strong motivation to apply stability theory for the understanding of major 

processes and changes happening in fully developed turbulent free shear flows 

The main difference between wakes and other flows, like wall bounded flows, 

and other free shear flows, is the presence of stream wise travelling vortices, commonly 

called   Karman Vortex Street, which is mainly caused by the internal instability of the 

base flow which is the unique feature in these flows even in the turbulent state. 

Compared with wall bounded flows, free shear flows are highly unstable due to the 

presence of an inflection point in the velocity profile and the associated inviscid 

instability.  
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    The motivation for the study of instability of turbulent wake flow in a confined 

turbulent channel was multi-fold. First, the instability of confined wake flows has not 

been studied much. Second, confined wakes are found to retain their mean velocity 

profile for a considerable downstream distance. Third, wakes have two points of 

inflection, one each on either side of the centre line. The basic aim of the present study 

was to investigate the correlation between the turbulence in the wake region and the 

inflection points in the wake region using stability theory. The wake behind a cylinder 

of diameter d in a turbulent channel with half width h, was found to be a  weak confined 

wake when d/h ≈ 0.1. Thus, d/h = 0.1 was chosen for the present work. Detailed 

investigation has been done and results have been obtained by introducing organized 

disturbances in the wake and tracking these downstream. Eigenfunctions were obtained 

by two methods viz. i) Phase locked averaging and ii) Spectral analysis. Theoretical 

results were obtained by solving the Orr-Sommerfeld equation by numerical methods.  

      Based on the experimental results and upon comparing these results with theoretical 

ones, it was found that both theoretical and experimental results are fairly well matched. 

Results also show that the additional turbulence generated in the wake sustains in the 

downstream direction and its decay is well in agreement with stability theory 

predictions. 
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