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Abstract 
    For mitigating environmental burden, reduction of skin friction drag caused by viscosity 

generated on a surface of transports systems are one of hot issues. Skin friction drag on the 

surface of the transports such as aircrafts, trains, ships or cars are enhanced by the turbulent 

transition. Due to the development of the computers since 1980’s, scientists have been eager to 

analyze the skin friction drag reduction in wall-bounded turbulent flows by using numerical 

simulations of fully developed internal flows such as channel flows or pipe flows. However, the 

analysis of the skin friction drag in external flows on transports is still under investigation. 

Fukagata et al. (2002) introduced the FIK identity that decomposes skin friction drag into 

different physical contributions. FIK identity shows the Reynolds shear stress near walls has the 

dominant contributions to the skin friction drag in wall-bounded flows. Skin friction drag 

reduction by reducing Reynolds shear stress in fully developed channel or pipe flows was 

confirmed by analysis with FIK identity. However, the physical contributions in controlled 

spatially developing turbulent boundary layers are still unknown. 

    In this thesis, skin friction drag reduction in spatially developing turbulent boundary layer 

was investigated. The direct numerical simulation with a predetermined control: uniform 

blowing/suction and heating/cooling, was performed. The uniform blowing reduced skin friction 

drag, while uniform suction increased it. FIK identity showed that mean flux through the wall 

surface worked as a reduction factor on skin friction drag, i.e. eddies near the wall were blown 

away from the wall, while opposite trend appeared in case of uniform suction. On the other hand, 

uniform cooling achieved skin friction drag reduction by suppressing turbulence near the wall, 

i.e. the stable stratification was formed in the boundary layer, while heating had the opposite 

trend.  

    The analysis by FIK identity indicates that there are two ways to reduce the skin friction 

drag in spatially developing turbulent boundary layer: blowing away the turbulence near the wall 

and suppressing the turbulence near the wall. The control efficiency, which is defined by powers 

to drive mainstream and control input, was discussed. It was found that net-energy saving was 

achieved by uniform blowing, while not achieved by cooling.  
 


