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Adaptive Triangular Finite Element Method for Compressible Navier - Stokes Flows

Y. H Im and K.S. Chang

This paper treats an adaptive finite-element method for the viscous compressible flow governed by

Navier-Stokes equations in two dimensions. The numerical algorithm is the two-step Taylor-Galerkin

method using unstructured triangular grids. To increase accuracy and stability, combined moving node

method and grid refinement method have been used for grid adaption.

Validation of the present algorithm has been made by comparing the present computational results

with the existing experimental data and other numerical solutions. Four benchmark problems are solved

for demonstration of the present numerical approach. They include a subsonic flow over a flat plate, the

Carter flat plate problem, a laminar shock-boundary layer interaction, and finally a laminar flow around
NACAOQ012 airfoil at zero angle of attack and free stream Mach number of 0.85. The results indicates that

the present adaptive triangular grid method is accurate and useful for laminar viscous flow calculations.
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© Fig.1 Subsonic Flat Plate :
(a) U-Velocity, (b)Temperature.
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Fig.2 Carter's Flat Plate :

(a)Density Contours, (b)lnitial Grid
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Fig.3 Carter’s Flat Plate(After Moving) :
(a)Density Contours,(b)Moving node Grid
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Fig.4 Carter’s Flat Plate(After Adaption) :

a)Density Contours, (b)Pressure Contours,
c)Grid System.
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Fig.5 Flow Variable along y-coordinate
at the exit :

(a)Density, (b)U-velocity
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Fig.6 Shock boundary layer interaction
(Adaptive level 2):
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Fig.7 NACA0012 Airfoil(Structured Grid System)
(a)Mach Contours, (b)Pressure Coefficient.

HEES BejZa gled o)t Fgo] 2 oY
o @ARElM Fxpe el i Weix]
g satch FALIAME Axte] ol F
oM YN AAANHE Hoh e
2%g BYe s Syt

4. 74 &

L Ak W3Y A AR olgstel o
4 34 52 W9 8 5 UL 284 Taylor
Galerkin ¥-& AA|3}gen] 2 o=2ix ° 7}
] o) FAES g o2 Scheme o] E}F



% JoAE - A2 FRANF AT A

ANAATAN
SRR
Vas AV VAAVAVA,y, AVAYy
S
355’3 $‘¢V$§=AVA¢A$;¢'§ AP
RO DDA ga
LEEDEL

/\
Ny
0

unﬁ‘

A
Vv, AV AN
by AVAVAY/
4 %, 4% RYAYAY
R0
X

N\
WAl

AV
#‘
o

g

A,

Vo
e
X

1)

>

Y

/)
70
'ﬂmn

TAYAYA!
ANNNAAN
""AYYA#%"
Q, A
‘A“ Q'é KA/
RAX

N
Q
5

I
IS
AATAN

3
5
BESPK

A
PRBOSRSA]
ATAVAVAY VAN A TAVAY Y

S
O HERRREREE
GOLPINERRRBAND

AA
S

4y,

A

(2)

(v)

Fig.8 NACAOO12 Airfoil(Unstructured Grid System):

(a)Grid System, (b)Mach Contours.
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