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This paper presents a discussion on numerical prediction of flow separations at wing-body juncture corner of

subsonic commercial aircraft models using CFD codes based on the Reynolds-averaged Navier-Stokes equations, and

its influence on the aircraft force and moment predictions. Numerical solutions based on an anisotropic constitutive

relation for the Reynolds stress are compared with those based on the isotropic Boussinesq approximation. For high

speed configurations at cruise Mach number, the results show that the size of the flow separation at wing-body juncture

considerably shrinks with the anisotropy, and fairly good comparison with experimental results. Discussion on the

detail flow change in boundary-layer at the corner with the anisotropy and its applicability to high-lift configurations

are also shown.
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(a) Multi-block structured grid
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(@) Cp distribution on the surface
Fig. 1 Grid for DLR-F6 wing-body configuration and surface Cp
distribution.

Figure 11. Side-of-Body Separation Bubble of the Baseline DLR-Fé in the NTF.

(@) Oilflow visualization of wing-body juncture flow separation of
DLR-F6 model at NASANTF'?.,

(b) Surface restricted streamlines on DLR-F6.
Fig. 2 Comparison of surface flow between wind tunnel test and RANS
solution with Spalart-Allmaras model (M..=0.75, Re = 5x10%, C,= 0.5).
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(a) Surface static pressure distribution.

(b) Surface grid and close view of wing-body juncture at leading edge.
Fig. 3 Medium grid for Common Research Model (CRM) and surface Cp
distribution obtained by UPACS.
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Fig. 4 Cy-alpha and C;-Cy; (M..= 0.85, Re = 5x10°, iy = 0°, Medium
grid)

0240000000000000
B7-4

alpha =3 deg

alpha =4 deg

Fig. 5 Surface restricted streamlines on suction side of wing for C; = 0.5
(upper), alpha =3° (middle) and alpha = 4° (lower) (M..=0.85, Re =
5x10°, iy = 0°, Medium grid).
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Figure 11. Side-of-Body Separation Bubble of the Basoline DLR-F6 in the NTF.

(c) Oilflow visualization of wing-body juncture flow separation of
DLR-F6 model at NASANTF?.

(b) Surface restricted streamlines on DLR-F6.

Fig. 6 Comparison of surface flow between NTF wind tunnel test and
RANS solution with anisotropic constitutice relation for Reynolds stress
(M.,=0.75, Re="5x10°, C;=0.5).
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Fig. 7 Comparison of lift and pitching moment of CRM on the effect of
anisotropic (non-linear) constitutive model for Reynolds stress (M., =
0.85, Re=5x10°, i;= 0°, Medium grid)

Fig. 8 Surface restricted streamlines on the wing suction side of CRM at
alpha =3° (upper) and alpha=4° (lower) on the effect of anisotropy of
Reynolds stress (M...= 0.85, Re= 5x10°, iy, = 0°, Medium grid).
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(a) Surface friction coefficient (aircraft axis component) with isotropic
constitutive model for Reynolds stress.

(b) Difference of friction coefficient between anisotropic and isotropic
constitutive models for Reynolds stress.
Fig. 9 Friction coefficient and its difference of CRM at C; =0.5 with
respect to anisotropy of Reynolds stress (M..= 0.85, Re = 5x10°, i;;=0°,
Medium grid).
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(a) Mach number distribution at mid-chord position of wing-root
section (Small square is the size of view for (b) and (c)).
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(b) Close-up view of secondary flow at wing-body juncture corner with
isotropic constitutive model for Reynolds stress.
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(c) Close-up view of secondary flow at wing-body juncture comer with
anisotropic constitutive model for Reynolds stress.

Fig. 10 Velocity vectors of secondary flow and Mach number distribution

at mid-chord cross section of wing-root section (M..= 0.85, Re = 5x10°, iy

=0°, Medium grid).
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