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Main areas of  Activity 

S Wind Tunnel Experiments 

 

S Molecular Dynamics Simulation 



Wind Tunnel Experiments 

S Aim is to study the aerodynamic performance of  selected 

airfoils  

S Principal Investigator: Dr. Patrick Mensah (ME Dept. 

SUBR) 

S Post Doc Research Associate: Dr. Stephen Akwaboa (ME 

Dept. SUBR) 

S Graduate Students: Michael Benissan, Derrick Goss 



Wind Tunnel @ SUBR 



Close-up of  test Section 



Experimentally study forced convection 

heat transfer with constant surface heat 

flux over the following surfaces 



Grid Set for Thermocouples 



Flexible heater attached to 

metal plate 



 



 



 



Mounted in the test section 



Theory 

S Thermal boundary layer develops when free stream and 

surface temperatures are different 

S Newton’s law of  cooling to evaluate convective heat transfer 

on the solid surface 

S Correlations used: 
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Readings taken and sample plot 

m values obtained 0.6 - 0.7 [Literature: m = 0.5 laminar; 0.8 turbulent] 



S Study on airfoils scheduled to commence in the 3rd week of  

November, 2011. 
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Objectives 

S Develop a thermal model to predict the temperature 

gradient within the substrate-TBC system 

 

S Determine temperature drops at the interfaces associated 

with thermal boundary resistance 



Motivation 

S Components of  TBC systems behave differently with 

increasing temperature 

S Thermal residual stresses build up due to mismatch of  

material properties and high temperature oxidation 

S Failure could be adhesive or cohesive 

S Thermal gradient information has been used in models that 

study the evolution of  residual stresses and hence prediction 

of  TBC failure and durability 



Why Molecular Dynamics 

Simulation? 

S Explore macroscopic properties of  a system through 

microscopic simulations. 

S Generates information at the microscopic level – atomic 

positions and velocities. 

S Increased importance to migrate from macroscopic 

thermal transport models to models and theories based 

on microscopic principles 

S This has become necessary due to the proliferation of  

nano-scale devices and structures 

 

 

 



• Obtain information on the 

structures of materials in TBC 

system 

 

• Their Elastic Properties 

 

• Cohesive Energy 

 

• Empirical Potentials 

 

• Consider possible simplifications 

without affecting credibility of 

the model 

 

The Way forward 
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