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COMPUTATIONS OF THREE-DIMENSIONAL STEADY
AND UNSTEADY VISCOUS INCOMPRESSIBLE FLOWS

Dochan Kwak, Stuart E. Rogers
NASA Ames Research Center

Seokkwan Yoon, Moshe Rosenfeld, and Leon Chang
MCAT Institute

The INS3D family of computational fluid dynamics computer codes is presented. These codes
are used to as tools in developing and assessing algorithms for solving the incompressible Navier-
Stokes equations for steady-state and unsteady flow problems. This work involves applying the
codes to real-world problems involving complex three-dimensional geometries. The algorithms
utilized include the method of pseudocompressibility and a fractional step method. Several ap-
proaches are used with the method of pseudocompressibility including both central and upwind
differencing, several types of artificial dissipation schemes, approximate factorization, and an im-
plicit line-relaxation scheme. These codes have been validated using a wide range of problems
including flow over a backward-facing step, driven cavity flow, flow through various type of ducts,
and steady and unsteady flow over a circular cylinder. Many diverse flow applications have been
solved using these codes including parts of the Space Shuttle Main Engine, problems in naval
hydrodynamics, low-speed aerodynamics, and biomedical fluid flows. The presentation details
several of these including the flow through a Space Shuttle Main Engine inducer, vortex shedding
behind a circular cylinder, and flow through an artificial heart.
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Surface Pressure for SSME Inducer

(INS3D—LU)
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FLOW OVER A CIRCULAR CYLINDER AT RE = 105

Computation
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Experiment
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