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Case 1-1 Calculation method RBRC

» Flow solver : FaSTAR > Turbulence models
- Grid : Provided O sA
e 2D(L2) O SAR(C,+=1, r0q) :FaSTAR
« 30P30N O SAR(C.=2,r,;) :Reference
(Crotzl' rori)
- Steady calculation O SAR(C.o=2, oq)
] o O SARC
- Discretization : Cell-Center O ssT
.. O sstv
- Inviscid flux : SLAU
visaa X O SST-2003
- Reconstruction : U-MUSCL O SST-2003sust
O EARSM
- Gradient : GLSQ
- Slope limiter : Hishida (van Lee-type)
- Time integration : LU-SGS
- Boundary Conditions
* Spanwise direction : Periodic
*  Wall surfaces : No-slip 2
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WANE
Turbulence model RS

One equation model

» SA-noft2 dpp  Bpdu; . 5\2 oD Cpy 0D 0D
o ox; = pCp1SU — pCyafw (E) + a—x] <— (v+70) 6_x]> P 7a_xla_xl
» SA-noft2-R 5 D

- Productionterm $§=0Q + quz Sp =0 +in(0,S -0) + vaz

- Destruction term  Tyef = - TFas = S

A nax Q) max(@d o)
u,decrease

Crot =1 * Crot = 2

TR Tref U,_Mmax Reference

decreasel Tras FaSTAR Yy min

» SA-noft2-RC
- Rotation and curvature effects are added in SA-noft2 model

- Production term Cp SV - cblfw@

WANE
Turbulence model RS

Tow equation model
> SST model

- Standard Menter SST model

2

. M 2 (0u 2 Odu
- Production term p, = —= Bg:)__ k) 2 ==k
k Rewut 3<6xk> 3p 0xy,

> SSTV model

[ e ——

- Productionterm | p, = — ;(0%)— — pk—

» SST-2003 model

- Menter SST from 2003 model (production term : strain rate)
pak paik

He = M — M= M
max (alw, ﬁ(@-}) max (alw, T&@:Z)

> SST-2003sust model

- Sustaining term is added for preventing unphysical decay of turbulence statistics at
external flow
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Aerodynamic coefficients REC
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. | * Stallis observed in case of SST models.
..., * Characteristics of turbulence models are

Comparison of Cp

shown.

Comparison of C, in all calculation conditions
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Comparison of flow field — %&s

Mach Number SAR SST-2003sust EARSM

Turbulent viscosity ratio
50 150

0 100 200

* The difference between one and two equation model is observed at slat and flap.
* Two equation model seems to overestimate flow separation at flap.

7
V‘\ﬂ\
L2, AOA = 5.5 deg
Fla = Slat CD(L2,0_c=5.5
0.28 P SA DL2.0_c=55} SST EARSM (L2,a_c=5.5)
RN BN _ l
" F SR E F_AFER RS L & S
8’9 ° &f éée Q7 ° & ,@6’ &

* Each turbulence model predicted different
CD.

* SA predicted higher CD at Flap and Slat
than other models.
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Turbulent viscosity ratio

50 150
0- = =

*  Modification of C
cove.

ot and destruction term r have large influence on turbulent viscosity at slat-

Turbulent viscosity ratio : SST ~ R&s.

SST-2003

SST-2003sust

Vorticity is larger than strain rate at slat-cove.
» Production term determines the tendency depending on whether the evaluation is S or Q.
» SST-2003 improves turbulent viscosity compared with standard SST. 10
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Case 3 Calculation method RES,

> Flow solver : FaSTAR

- Grid : Provided - Turbulence model : SA-noft2-R
« 2.5D(L2) SST-2003sust
e 30P30N * Unsteady : DDES

- Unteady calculation
- Angle of Attack : 5.5 deg

- Discretization : Cell-Center
- Inviscid flux : SLAU
- Reconstruction : U-MUSCL

- Gradient : GLSQ
- Slope limiter : Hishida (vL)

- Time integration : LU-SGS
- Boundary Conditions

* Span wise and surfaces : Periodic
11

Comparison of flow field REC

SADDES SST-2003sust DDES

Vorticity

SST-2002sust DDES model, separation is observed at flap. On the other hand, there is not
separation at same region in case of analysis using SADDES model. 12
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* PSD and coherence of surface pressure do not affected by turbulence model.

* Peak position and value of PSD correspond to experimental result roughly.
———— Because of coarse mesh.

13

Length scale of DDES REC

Compared with length scale of DDES.

Definition of DDES scale

Lppes = Lrans — fa max(0, Lrans —®

v fy =1 —tanh[(Cyry)3]

L2: FaSTAR

L2 :dmax (mesh length)

I|@: min[max(Cyaud, CwauBmax: Awn)r Dmax] | |®= Amax= max(Ax, Ay, Az) |

v CS =0.2, Cwa” = 0.15
Ayn= min(Ax, Ay, Az)

d = wall length

w Ax, Ay, Az :
cell spacing in each coordinate directions.

0.000

Red : RANS area

Lppes (= 1:RANS area
< 1:LES area

SADDES

LRANS

Distribution of RANS area is layered.

14
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RMS of C, ( length scale of DDES) &=

SA-noft2-R DDES
The influence of length scale is confirmed by observing RMS of Cp.
RMS of C, distributions calculated by several length scale of DDES around Slat region are
shown below.
FaSTAR original dmax

L2 : 5.5deg

l L2 : 5.5deg

Anomaly distribution of C, RMS occurs at  Unphysical phenomenon does not exist.
the leading edge of Main.

* Itis confirmed that length scale of DDES influences RMS of C,..
15

Comparison of PSD RES

PSD (FaSTAR original) and PSD (dmax) are compared in both near and far field.

Red : FaSTAR
Green : dmax
PSD (surface) @P1(L2,a=5.5) PSD (far field) @135deg(L2,a=5.5)
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Both PSD is similar position of peaks and Both PSD is similar position of peaks and
values. values at the low frequency region.

* It seems that length scale of DDES does not influence PSD in low frequency
area. 16
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Summary REC,

» Difference of various turbulence model in 2D (30P30N)

B Each turbulence model group

Characteristics of turbulence models were shown.

Relatively large flow separation around flap was observed in case of SST models.
The region where C, corresponds to experimental data was changed by
turbulence model.

B |n same turbulence model group
SA group

Above Main region, modification of C_, tends to influence turbulence viscosity
largely.
Around Slat region, modification of destruction term r tends to have an effect on

turbulence viscosity mainly.

rot

SST group

Turbulence viscosity is more grown by production term defined by vorticity than
by turbulence viscosity defined by strain rate.

Summary RRC.

» Difference of various turbulence model in 3D (30P30N)

In case of using SST-2003sust DDES model, large flow separation was
observed at flap.

Peak position and coherence of PSD does not depend on each turbulence
models.

PSD was similar to experimental result roughly.

» Compared with length scale

- It was observed that distribution of RANS area is layered.
- Length scale of DDES did not influence PSD in low frequency area.

18
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