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Verification of Transonic Flow Computations of Airplanes

Using Unstructured-Mesh Navier-Stokes Solver

Takumi Kogure*, Yasushi Ito’, Kazuhiro Nakahashi’, Kisa Matsushima’

Abstract
Promoted by increasing demand for higher efficiency of commercial airplane, the importance of the transonic CFD is increasing. In order to
verify the accuracy of CFD for transonic flows, 2" AIAA drag prediction workshop was held in June 2003, for DLR-F6 models. This paper
is to discuss our results for the workshop. The computations were performed with two one-equation turbulence models: Goldberg-
Ramakrishnan and Spalart-Allmaras, to verify the unstructured-mesh Navier-Stokes solver: TAS-code. From these computations, it was
found that there was a remarkable difference in drag between our computations and experiments. For example. in the case of DLR-F6 wing-
body configuration with nacelle and pylon fling at M=0.75 and AOA=1, our computation using medium size mesh: it had 5.6 million nodes,
resulted in C;=0.54 and Cp = 0.0424 while C;=0.5 and C,=0.0338 by wind tunnel experiments. To improve our unstructured-mesh Navier-
Stokes solver, some more detailed investigations about the dependencies on numerical mesh and turbulence model was done, and tried other
one-equation turbulence model: modified Spalart-Allmaras model. However, no remarkable improvements were achieved. Further
investigations are required to identify the cause of the inaccuracy of the drag prediction. Currently, higher-order reconstructions for

numerical flux and the reduction method for the grid dependency are under investigation.
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Fig.2 Surface mesh of DLR-F6 WBNP model

Table 1 Details of unstructured meshes made by TAS-mesh

Wing-Body with
Naccele and Pylon model

Wing-Body model

Coarse Medium Coarse Medium
i 37 43 37 43
prismatic layers|

Initial thickness of
prismatic layer [mm|

Growth rate 1.25 1.25 1.25 1.25

of prismatic layers

2.384x10°| 5.960x107| 2.384x107°| 5.960x10"

# of nodes 1,294,515 3,040,690 1,958,090 5,616,900
#oftetrehedra |  1,221,594) 3,445,157 2200428 6,071,758
i 2,106397|  6,539,101| 3,079.235| 8,924,634
prisms
- 25,302 67,170 34,534 84,702
pyramids

Coarse Medium

(a) Upper surface of wing

Coarse Medium

(b) A section at leading edge

Coarse Medium

(c) A section at trailing edge

Fig.3 Mesh of DLR-F6 Wing-Body model
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Fig.4 Comparisons in Cy and Cp
between Experiments and Computations
Table 2 Results from computations and experiments
(a) DLR-F6 Wing-Body model
£ 3 G Co Cpyp Cor
E=IN=)
& = | Experiment 0.4084 0.0294

Coarse 0.5346 0.0391 0.0257 0.0135
Medium 0.5406 0.0381 0.0244 0.0137
« Coarse 0.5355 0.0385 0.0254 0.0130

%01

G-R

Medium 0.5384 0.0371 0.0240 0.0130

S 0.00

(b) DLR-F6 Wing-Body with Nacelle and Pylon model

£3 Co Co Cop Cot

& 3| Experiment | 0.5000 | 0.0338
| coase | 05433 00451 00291 0.0161
O | Medium | 0.5440| 00437] 0.0273| 0.0164
o | Coase | 0.5437| 00443 00288 00155
? | Medum | 05406 00423 00268 0.0155
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Fig. 5 Cp-z diagrams of DLR-F6 configuration
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at 63.8% semispan section
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(b) Wing-Body with Nacelle and Pylon model
Fig.5 Cp-z diagrams of DLR-F6 configuration

Geometory

at 63.8% semispan section

(b) Medium Mesh
Fig.6 Velocity vectors around Blunt Trailing Edge

WB model, computed using S-A turbulence model
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(a) Upper surface of wing

(b) Lower surface of wing

Fig.7 Cp distribution and oil flow on wing:

DLR-F6 WBNP model, computed using S-A model

Fig.8 Contours of magnitude of vorticity

DLR-F6 WBNP model, computed using S-A
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