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Fluid Mechanics: Navier-Stokes Equations

Flow problems are governed by a boundary value problem

u  velocity

p  pressure Re = ng S 10°
p density Q » viscous fluid

L viscosity, » slow flow

[ force

» small scale

[M. Van Dyke]

2D steady-state incompressible Navier-Stokes flow

p(u-V)u+ Vp — uVu = pf in Q
V-u=0 in )
u=u" onT'p
(uVu; —pe;) -n=0 on

Challenge: solve this using isogeometric analysis

[Bazilevs et al., 2006b; Bazilevs & Hughes, 2008; Akkerman et al., 2010; . . .]
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Error Convergence

Discretizations with higher regularity perform better
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Design of Minimal Drag Body

The optimal shape is longer and more slender for higher speeds

Optimal shapes for different speeds Flow before optimization (u=1)

.:E Flow after optimization (u=100)

Note: low Reynolds numbers
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The corrugated duct exhibits stronger flow-acoustic coupling
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@ Unites design and analysis models through B-splines
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e P )
@ Identifies geometric enhancement of flow-acoustic coupling
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