
Mt 527
1. Flow around the hull and viscous drag
2. Experimental resistance predictionp p
3. Empirical resistance prediction



 What is the rationale behind the 3D 
extrapolation method

 What are the disadvantages of the 3D 
extrapolation methodextrapolation method.



Source: ITTC 1972 Res. Committee



Development of viscous boundary Development of viscous boundary 
layer over a bodylayer over a body





C (R ) Rt / 0 5 U2S i t t t Cf (Re) = Rt / 0.5ρU2S is not a constant

 Cf decreases with Re Cf decreases with Re



 BL thickness, 99 is difficult to , 99
measure => integral 
measurements
◦ displacement thicknessdisplacement thickness
◦ momentum thickness



 Transition: Rex,cr ≈
105



 Exception where turbulence Exception where turbulence 
reduces the drag !!

 => golf ballg
 => suits for ice skaters





 Reduction of the wake 
 > l t l=> lower momentum loss
=> lower resistance



dP/d 0 f bl di (b ) dP/dx > 0: favourable pressure gradient (bow)
Stabilises BL

 dP/dx < 0; adverse pressure gradient (stern) dP/dx < 0; adverse pressure gradient (stern)
destabilises BL



Boundary layer regionsBoundary layer regions



Boundary layer regionsBoundary layer regions



Pressure and velocity distribution along a Pressure and velocity distribution along a 
2D body2D body2D body2D body



Pressure distribution Pressure distribution around KVLCC2 in around KVLCC2 in 
innviscidinnviscid flowflowinnviscidinnviscid flowflow



Limited streamlines about the sternLimited streamlines about the stern



Development of boundaryDevelopment of boundary layer in layer in aftwardaftward
directiondirectiondirectiondirection

83 % Lpp

95 % Lpp

99% Lpp99%  Lpp





6.1 read
6.2 The boundary layer – reproduce but no need to 

reproduce eq. 6.5 – 6.6
6 3 – 6 8 Understand! Formulas need not be6.3 6.8 Understand! Formulas need not be 

reproduced in these sections
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