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Diagonalized Approximate Factorization Method for 3D
Incompressible Viscous Flows

Paik, Joongcheol

Abstract

An efficient diagonalized approximate factorization algorithm (DAF) is developed for the solution of three-dimensional incom-
pressible viscous flows. The pressure-based, artificial compressibility (AC) method is used for calculating steady incompressible
Navier-Stokes equations. The AC form of the governing equations is discretized in space using a second-order-accurate finite vol-
ume method. The present DAF method is applied to derive a second-order accurate splitting of the discrete system of equations.
The primary objective of this study is to investigate the computational efficiency of the present DAF method. The solutions of the
DAF method are evaluated relative to those of well-known four-stage Runge-Kutta (RK4) method for fully developed and devel-
oping laminar flows in curved square ducts and a laminar flow in a cavity. While converged solutions obtained by DAF and RK4
methods on the same computational meshes are essentially identical because of employing the same discrete schemes in space,
both algorithms shows significant discrepancy in the computing efficiency. The results reveal that the DAF method requires sub-
stantially at least two times less computational time than RK4 to solve all applied flow fields. The increase in computational effi-
ciency of the DAF methods is achieved with no increase in computational resources and coding complexity.

Keywords : incompressible viscous flow, artificial compressibility, diagonalized approximate factorization, efficiency
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Fig. 1 Computation grid and coordinate system for duct flow
of Humphrey et al. (1977)

A ARE #3E dMY] EES B o] 352 548 W
sHAl oJsiid 4= Utk o] YEIA o]xkF(secondary flow)
o] FAS ®HAFY] flste] 19 204 A78E ] dixE
A ek fE5EE e SRR SRS BRI
th. o] adeX FEHEE g 49 o]x} ©FF(secondary
vortices)?] FAAE HoAFEH), o] 50| VEE F3
Al 55 uf v oS ¥uS wEbA] dllske 2 sbEghol
of3jx] WAyl

o] oJAFE Clst] TUYH EE(core flow)> UHS v
= B[O RRE olgeH =,  HHoRRE Hojx
2 v e AAE Al v WS wde] 3o
o}, 27 204 HRI nke}l o], o] R T4 9=
30°9F 60° AtolellA Wk WS BHS Bkl o] sk A

Tnner wall
TR
Inner wall

Inner wall
[[EM ANy

Ll e el

(a) €=30

: (c) _9 :90

Fig. 2 Computed cross-sectional velocity vectors and streamwise velocity contours at three representative cross sections of

duct of Humphrey et al. (1977)
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