
7. Barannyk, O.; Buckham, B. and Oshkai P. “Experimental Investigation of 
the Fluid-Structure Interaction Aspect of an Oscillating Plate with 
Chordwise Flexibility” 1st Symposium on Flutter Control and Application, 
Tokyo, Japan. September 2011 (oral) 

8. Barannyk, O.; Buckham, B. and Oshkai P. “Effect of Chordwise Flexibil-
ity and Depth of Submergence on an Oscillating Plate Underwater Pro-
pulsion System” 3rd Joint US-European Fluids Engineering Summer 
Meeting, Montreal, QC, Canada. August 2010 (oral) 

 
Publications 
 
1. Barannyk, O. and Oshkai P. “Investigation of diametral acoustic modes 

in a model of a steam control gate valve.” Journal of Pressure Vessel 
Technology 2014, Accepted for publication.  

 
2. Barannyk, O. and Oshkai P. “Experimental investigation of flow-acoustic 

coupling in a deep axisymmetric cavity.” Journal of Fluids and Structures 
2014, Submitted.  

 
3. Barannyk, O.; Buckham, B. and Oshkai P. “On performance of an oscil-

lating plate underwater propulsion system with variable chordwise flexi-
bility at different depths of submergence.” Journal of Fluids and Struc-
tures 2012, 28, 152 - 166.  

 
4. Barannyk, O.; Buckham, B. and Oshkai P. “On the methodology for 

evaluation of dynamic effects of a surface bonded piezoelectric patch for 
active vibration control.” Journal of Vibration and Control 2012, 19(2), 
204 - 218.  

 
 
5. Dennison, C.; Rukosuyev, M.; Wild, P.; Oshkai, P.; Singlehurst, D. and 

Barannyk, O. “Local Flow Velocity Measurements Using an In-Fibre 
Bragg Grating Sensor.” Sensor Letters 2010, 8(4), 651 - 658.  

 
6. Barannyk, O. “Group Classification of one generalization of nonlinear 

heat equation in n+1 dimensional space-time.” Scientific Notes (in 
Ukrainian) 2001, 3, 102 - 113.  
 

Pogr 
 
 

The Final Oral Examination 
for the Degree of 

 
DOCTOR OF PHILOSOPHY 

(Department of a Mechanical Engineering) 
 

Oleksandr Barannyk 
 

2009 University of Victoria             MASc (Engineering) 
2003 New Jersey Institute of Technology    MS (Mathematics)  
2001 Poltava State University             BSc (Mathematics)  
     
  

“Shear Layer Instabilities and Flow-Acoustic Coupling in 
Valves Application to Power Plant Components and  

Cardiovascular Devices” 
 

Monday, April, 28, 2014  
11:00am 

David Turpin Building, room A136 
 

Supervisory Committee: 
Dr. Peter Oshkai, Department of Mechanical Engineering, UVic (Supervisor) 
Dr. Brad Buckham, Department of Mechanical Engineering, UVic (Member) 
Dr. David Sinton, Department of Mechanical Engineering, UVic (Member) 

Dr. Reinhard Illner, Department of Mathematics and Statistics, UVic (Outside 
Member) 

 
External Examiner: 

Dr. David Sumner, Department of Mechanical Engineering, University of 
Saskatchewan 

 
Chair of Oral Examination: 

Dr. Stephen Neville, Department of Electrical Engineering, UVic 

PROGRAMME 



Abstract 
 

In the first part of this dissertation, the phenomenon of self-sustained 
pressure oscillations due to the flow past a circular, axisymmetric cavity, as-
sociated with the inline gate valves, was investigated. In many engineering 
applications, such as flows through open gate valves, there exists potential 
for coupling between the vortex shedding from the upstream edge of the cav-
ity and a diametral mode of the acoustic pressure fluctuations. The effects of 
the internal pipe geometry immediately upstream and downstream of the 
shallow cavity on the characteristics of partially-trapped diametral acoustic 
modes were investigated numerically and experimentally on a scaled model 
of a gate valve mounted in a pipeline that contained converging-diverging 
sections in the vicinity of the valve. The resonant response of the system 
corresponded to the second acoustic diametral mode of the cavity. Excitation 
of the dominant acoustic mode was accompanied by pressure oscillations, in 
addition to that, as the angle of the converging-diverging section of the main 
pipeline in the vicinity of the cavity increased, the trapped behavior of the 
acoustic diametral modes diminished, and additional antinodes of the acous-
tic pressure wave were observed in the main pipeline. 

 
 In addition to that, the effect of shallow chamfers, introduced at the 
upstream and/or downstream cavity edges was investigated in the experi-
mental system that contained deep, circular, axisymmetric cavity. Through 
the measurements of unsteady pressure and associated acoustic mode 
shapes, which were calculated numerically for several representative cases 
of the internal cavity geometry, it was possible to identify the configuration 
that corresponded to the most efficient noise suppression. This arrangement 
also allowed calculation of the azimuthal orientation of the acoustic modes, 
which were classified as stationary, partially spinning or spinning. Introduc-
tion of shallow chamfers at the upstream and the downstream edges of the 
cavity resulted in changes of azimuthal orientation and spinning behaviour of 
the acoustic modes. In addition, introduction of splitter plates in the cavity led 
to pronounced change in the spatial orientation and the spinning behaviour 
of the acoustic modes. The short splitter plates changed the behaviour of the 
dominant acoustic modes from partially spinning to stationary, while the long 
splitter plates enforced the stationary behaviour across all resonant acoustic 
modes. 
 

Finally, the evolution of fully turbulent, acoustically coupled shear 
layers that form across deep, axisymmetric cavities and the effects of geo-
metric modifications of the cavity edges on the separated flow structure were 
investigated using digital particle image velocimetry (PIV). Instantaneous, 
time- and phase-averaged patterns of vorticity provided insight into the flow 
physics during flow tone generation and noise suppression by the geometric 
modifications. In particular, the first mode of the shear layer oscillations was 

significantly affected by shallow chamfers located at the upstream and, to a 
lesser degree, the downstream edges of the cavity.  
 In the second part of the dissertation, the performance of aortic heart 
valve prosthesis was assessed in geometries of the aortic root associated 
with certain types of valve diseases, such as aortic valve stenosis and aortic 
valve insufficiency. The control case that corresponds to the aortic root of a 
patient without valve disease was used as a reference. By varying the aortic 
root geometry, it was possible to investigate corresponding changes in the 
levels of Reynolds shear stress and establish the possibility of platelet acti-
vation and, as a result of that, the formation of blood clots. 
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