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DEVELOPMENT OF AN UNSTRUCTURED HYBRID MESH FLOW SOLVER
FOR 3-D STEADY/UNSTEADY INCOMPRESSIBLE FLOW SIMULATIONS

Mun Seung Jung" and Oh Joon Kwon™

An unstructured hybrid mesh flow solver has been developed for the simulation of three-dimensional steady and
unsteady incompressible flow fields. The incompressible Navier-Stokes equations with an artificial compressibility
method were discretized by using a node-based finite-volume method. For the unsteady time-accurate computation, a
dual-time stepping method was adopted to satisfy a divergence-free flow field at each physical time step. An implicit
time integration method with local time stepping was implemented to accelerate the convergence in the pseudo-time
sub-iteration procedure. The one-equation Spalart-Allmaras turbulence model has been adopted to solve high-Reynolds
number flow fields. The flow solver was parallelized to minimize the CPU time and to overcome the computational
overhead. This method has been applied to calculate steady and unsteady flow fields around  submarine
configurations and a 3-D infinite cylinder. Validations were made by comparing the predicted results with those of
experiments or other numerical results. It was demonstrated that the present method is efficient and robust for the
prediction of steady and unsteady incompressible flow fields.
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Fig. 15 Computational viscous meshes around NACA0012
wing configurations
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Fig. 16 Surface pressure distributions at several angle of
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Fig. 18 Computational meshes for Bare-hull configuration after
the 2nd level mesh adaptation ; (a) refinement on the
separation surface, (b) refinement inside the vortical
region
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Fig. 19 Pressure contours and streamlines(a), skin friction
contours(p) on the surface, and vorticity
contours(c) around the bare-hull conguration after
the 2nd mesh adaptation.
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Table 2 Characteristics of the computational mesh for four calculation cases

Coarse mesh Medium mesh 1*%adapted mesh "adapted mesh
Vertices 1,109,963 2,244,249 2,682,633 4,204,190
Prisms 1,381,785 2,824,367 3,632,247 5,569,587
Tetrahedra 2,396,211 4,734,522 5,198,217 5,198,217
Pyramids 871 1,185 1,185 1,185
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Fig. 20 Circumferential skin friction distributions for selected x/L locations for Bare-hull configuration

Holg mHshx ¥a AdF FEo=Z diido] 3=V
uFolt Aol M = tripe] YXE =/L=012 1AL,
z/L=02660*4 ASo=E 5 w7t dojve A& &
o, ALkl os dEE @A g=153v AU
¢=146" B} BlE2o] $x|gic) dof ofd) «SH ule
A gAA R AFoA o SH BRI R SRS
vellla Qo 1 A 17 A4 Yo} 38| 74Est
v whekEv 23 v AR o/L=0.6385E A
°F yehle A o F Jou s ofst A= T
HA Az 4&& T8 Hole ol xFepA] Hsta
Atk ole 1A wAHA frso] "ol v eRE
*3*4o}~ﬂl o] SRR AGFE o Fe AV|7F A4S
A 5ol 5EE Foiste] 2k o{ES WA F
=, o]l A& AYs] xAsA] Ealy] WiEo R ke

N

[o

t}h whd 13} whE)e] 99X 23} whele] ¥ o] T WA A
2} A g A HlE] 1 WsF 31 e
1=, o) 13 9 23 ohfad o e
|

A% A FAA ot FwE £

= 1wy Lw A} A A A m&
P A 9 T AT SU A Agsislen)
o= A F

e 4o u9L‘
>
N
~

£
A&
:
f.:
_{
g
s
O

& AL FA ARE 3o] HW 2/L=0.24945
V1o Wzt 1A 27 R 78%/sec®] HER vlefEd



38 / BHRFAS

Pitch angle f
/
i
.-/.

J
L

o (degree)
— I
L (=]

T T

=)
T

wn
T

05 3 6 0] 12

Fig. 21 Bare-hull pitch angle for the pitch-up maneuver
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Fig. 23 Instantaneous streamlines on the surface of Bare-hull configuration
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