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The work includes issues related to the fluid flow and heat transfer in selected fragments of the flow 
path of the gas turbine. Its main objective was to optimize the geometrical configuration of the tip 
seal with honeycomb land of the counter-rotating LP turbine of the open rotor aero-engine and the 
Conjugate Heat Transfer (CHT) analysis of the seal area and rotating cavity above the seal. 

In order to perform efficient optimization, the geometrical model of the seal has been simplified on 
the basis of calculations, allowing to assess their impact on the result quality. Much attention was 
paid to the mesh preparation. In the following part a definition of boundary conditions, physical 
model and the parameters taken into account during optimization were discussed. 

Optimization was based on CFD calculations performed with the use of the commercial code ANSYS-
CFX. The aim of optimization was to reduce the leakage through the seal. Optimization was 
performed using the commercial tools available in the ANSYS Workbench environment, using the 
Goal Driven Optimization. The results were compared with calculations made with the use of the in-
house optimization code which is based on the evolutionary algorithm. The best geometrical 
configuration was obtained with the use of the Goal Driven Optimization. Geometrical configurations 
of the seal obtained with the use of various optimisation methods showed a similar tendencies of 
change. Optimization was supplemented by sensitivity analysis. 

Best solution was verified on the extended geometrical model and dense mesh. Verification 
confirmed good quality of the results obtained during the optimization and significant leakage 
reduction, amounting 17.26%. Using verification calculations, the extensive analyses of the seal were 
carried out, in which such parameters as total and static pressure, flow velocity, static entropy, and 
the turbulence kinetic energy were taken into account. This allowed to assess the impact of 
geometry on the distributions of these parameters and the location of the main places of losses 
generation. 

The seal analysis was extended by the calculations for changed pressure at the outlet of the seal and 
for the increased three times pressure level throughout the entire computational domain. Pressure 
changes had no significant effect on the character and structure of the flow. In addition, calculations 
were performed for decreased sealing clearance over the fins, which showed very strong influence of 
this parameter on leakage reduction and on the limiting of the mixing effect of the leakage with the 
main flow. 

Conjugate Heat Transfer analysis were preceded by the calculations for rotating cavities presented in 
the literature and for the target cavity, separated from the seal. Their goal was to verify the 
computational model, the overall assessment of the phenomena and the choice of computational 
domain size. The CHT analysis of the entire seal area was made for two different thermal conductivity 
coefficients of metal, what caused different distribution of the temperature and different heat 
exchange conditions. In both cases, very low values of relative air velocity in the chamber and the 
lack of a clear convective motions were noticed. The change of thermal conductivity caused a slight 
difference in the Nusselt number. 
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