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This paper discusses numerical stability of the split-form FR scheme for practical flow simulations, i.e. laminar flow
simulation of NACAO0012 airfoil. Numerical stability of the split-form FR scheme is compared with that of FR schemes
in divergence form by searching for the maximum time-step width that allows stable computation. This result shows
split-form FR scheme has an advantage in numerical stability, whereas FR scheme in divergence form is unstable in the
most flow conditions. This paper also shows the FR scheme with the eighth-order solution approximation on high-order
mesh can work well with less error unless the order of a solution polynomial is less than the order of a shape function of

high-order mesh.
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Figure 1: Solution points and Correction function
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Table 1: Conditions for laminar flow over the NACAO0012 airfoil

Mach Angle of Reynolds

number attack number
MO5A08 0.5 8 5,000
MO5A09 0.5 9 5,000
MO5A10 0.5 10 5,000
MO5AI11 0.5 11 5,000
MO04A10 04 10 5,000
MO6A10 0.6 10 5,000
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AT 2RV £, thERER- RS L0 EiIZFET 5
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2 DIROKFRIEE RoT 5.

2) BEIUARW- L&Y, ) TR TZRKROKIET, MK
JUIRF] 50 DL 22BN ERDMT A D051~ 5.

3) L THENFER LIZ & X3, 1) TR T-REEED Sy
DIET, 2)& [FRRCFEHTR CRRITIRFRH] 50 LU EZ2 eI R R T
Z DB,

Table 2: Maximum time-step width (Angle of attack is changed.)

Maximum Div. form
Correction  Polynomial e —
Condition time step of Same Half
Function of order
split form timestep  timestep
MO5A08 Yea P7 0.99%x10™*  Blowup  Blowup
MO5A08 Jea P3 1.80 x 10~ v v
MO5A08 g2 P7 1.01x10"* Blowup Blowup
MO5A08 9 P3 1.95 x 10~ v v
MO5A09 Jéa P7 0.92x10™* Blowup Blowup
MO5A09 Jea P3 1.62x10™* Blowup Blowup
MO5A09 9o P7 0.94%x10™*  Blowup  Blowup
MO5A09 g P3 1.85x10"*  Blowup  Blowup
MO5A10 Jea P7 0.84x10™*  Blowup  Blowup
MO5A10 Jea P3 1.63x10™* Blowup Blowup
MO5A10 g2 P7 0.88x10™*  Blowup Blowup
MO5A10 g2 P3 1.75x10™*  Blowup  Blowup
MO5AI11 Jea P3 1.54x10™* Blowup Blowup
MO5ALl1 g2 P3 1.66x10*  Blowup  Blowup
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Table 3: Maximum time-step width (Mach number is changed.)

Maximum Div. form
Correction  Polynomial _—
Condition time step of Same Half
Function of order ) . .

split form timestep  timestep
M04A10 Jea p7 126 x10™* Blowup Blowup
MO4A10 Yea P3 236%x107*  Blowup  Blowup
MO4A10 g2 P7 1.29x10"* Blowup Blowup
MO4A10 g2 P3 2.57%x107*  Blowup  Blowup
MO5A10 Jéa P7 0.84%x10™* Blowup Blowup
MO5A10 Yea P3 1.63x10™* Blowup  Blowup
MO5A10 9o P7 0.88x107*  Blowup  Blowup
MO5A10 g2 P3 1.75%10"*  Blowup  Blowup
MO6A10 Jea P3 1.03x10™* Blowup Blowup
MO6A10 g2 P3 1.11x10"* Blowup Blowup
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Figure 2: Convergence histories for condition MO5A10
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Table 4: Numerical stability of split form and div. form
Polynomial Type of Split form Div. form
of rder mesh CFL=0.10 CFL=0.10 CFL=0.01

P1 GP2 v v v

P1 GP4 v v v

P2 GP2 v Blow up Blowup
P2 GP4 4 Blowup Blowup
P3 GP2 v Blowup Blowup
P3 GP4 4 Blowup Blow up
P5 GP2 v Blowup Blowup
P5 GP4 v Blowup Blowup
P7 GP2 v Blow up Blowup
P7 GP4 4 Blowup Blowup

4. High-order mesh MZhE
4.1 NACA0O12 Y EistE

2 RITO NACA0012 BJ&H Y O it m A 1T 7. 22Tl
high-order mesh OO A F~2. high-order mesh I i &-5- 728
ERUTHOITHENTHD Z LRI ENS. CFD fdmici@s
V5315 linear mesh &, 2 FEFHD high-ordermesh 2 E3LE7UHY,
NACA00012 3/ V) D@4 8 YRKSEE (P7) FHECiEE, FKifiEh
RO E T 5 2 £ C, ZORREMEET S, D 2 FEH
@ high-order mesh 1%, F 528 2 IRDILIRBIE A VN5 GP2 mesh,
b 9 WM 4RO A AV D GPAmesh Th B, it s b,
FHRHRE 7451800 D CHUAE 1 ThH v, FOFEIHIL 56 [H DI THII,
SND. BERSEE LT, HERmEITIE noslip S &R L7e.

TN THLN, ~ v/ s 08, HAR 10 £, LA /LR
3 500 THD. FEEITIICHIZY, FEHE AL TC-PGS
1O, HampidiciE SLAU flux, FPEEIZIIBR2 flux, A Y w2
ZIENC A RV, BRI ZI 380, solution point |21 Gauss
R BERNTIZg g0 BB V-

Figure 3 | linear mesh, GP2 mesh, GP4 mesh %A HUHVT
BONERMEN DR L TND. T 572005 EsE L
T, S0 BRI LISREREZBROIFHE TR L T 5.

Figure 3 |ZH DiERAE%39 %, Linear mesh OFERIIAHR Y
TARERR A ERNTER Y, KEihRAE R ORERE DT /157
A% IEREZAR S 2 & DS QUNRN 2 & D35303% . — 7, high-order
mesh Cd»% GP2 mesh & GP4 mesh DFERIT, BG40 24
WTRY, BIEfEE L <L T\5. GP4 mesh i3 GP2 mesh &
A U< BUNEMES, SRR ORERT 2 KRBT 0 oD Z &
HINRIND. ZORERND, BETEDDInE EOETAEERT
BIZFUT, high-order mesh (XA Ffo 7-REAZ REIT HDITH
N THETHD Z L3 hb.

Copyright © 2018 by JSFM



o
o
1ol R.C.Swanson
i GP1 1800msh(56faces) P7
0 0.2 0.4 0.6 0.8 1
x/C
(a) G distribution on linear mesh
-0.8
04 |
0
Q
o
0.4
0.8
12 [ R.C.Swanson
! GP2 1800msh(56faces) P7
0 0.2 0.4 0.6 0.8 1
X/c
(b) G, distribution on GP2 mesh
o
o

12 R.C.Swanson
’ GP4 1800msh(56faces) P7

] 0.2 0.4 0.6 0.8 1
x/c

(c) Cp distribution on GP4 mesh

Figure 3: Comparison of surface pressure coefficient distributions
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