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VALIDATIONS FOR SUBSONIC AND TRANSONIC FLOWS 

NASA COMMON RESEARCH MODEL AT M=0.85
The NASA Common Research Model (CRM) is a wing-body configuration which was extensively studied with state-
of-the-art CFD codes in the fourth (DPW-4) and the fifth (DPW-5) drag prediction workshops. The following is a 
partial list of the companies which participated in the DPW-4:

The CRM consists of a contemporary supercritical transonic wing and a fuselage that is representative of a 
widebody commercial transport aircraft. The CRM is designed for a cruise Mach number of M∞ = 0.85 and a 
corresponding design lift coefficient of CL = 0.5. A transonic supercritical wing design is developed with 
aerodynamic characteristics that are well behaved and of high performance for configurations with and without 
the nacelle/pylon group. The horizontal tail is robustly designed for dive Mach number conditions and is suitably 
sized for typical stability and control requirements. The fuselage is representative of a wide body commercial 
transport aircraft; it includes a wing-body fairing, as well as a scrubbing seal for the horizontal tail. A sketch of the 
CRM with reference quantities listed is shown in Fig. 3-10.

The aspect ratio of wing is 9.0, the leading edge sweep angle is 35º, the wing reference area (S) is 3.01 ft2, the wing 
span (b) is 62.46 inches, and the mean aerodynamic chord (c) is 7.45 inches.  The model moment reference center is 
located 35.8 inches back from the fuselage nose and 1.177 inches below the fuselage centerline. The nacelles used 
for this test were simple, flow through nacelles.

TABLE 3-1. PARTICIPANTS OF THE 4TH AIAA 

CFD DRAG PREDICTION WORKSHOP

Organization CFD code

NASA FUN3D

Boeing CFL3D

Airbus elsA

Cessna NSU3D

ONERA ONERA-elsA

DLR TAU

ANSYS ANSYS Fluent

NUMECA Int’l. Fine/Hexa

                                                                    Figure 3-10. Sketch of the CRM with reference quantities [Ref.4,5].

a) Top view b) Isometric view
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The wing/body/tail=0° (WBT0) configuration was tested in the current investigation.

Pressure distributions are measured on both the left and right wings using 291 pressure orifices located in 9 span-
wise wing stations (η = 0.131, 0.201, 0.283, 0.397, 0.502, 0.603, 0.727, 0.846, and 0.950) [Ref.5].

Because the CRM has a symmetry plane, only a half of the model was used to generate the computational mesh. 
The computational domain was 11x5x6 m. The basic initial mesh was 102x49x42 cells. The finer local meshes were 
used around the entire model and near the leading edges of the wing and the tail as shown in Fig. 3-11. The 
calculations have been performed on the computational mesh containing approximately 0.4 million cells at the 
start of a calculation and 4.3 million cells at the end of a calculation.

Additional solution adaptive refinement with level=3 in the local mesh region 1 and with level=2 in the local mesh 
region 2 was performed at the following iterations: 150, 300, 480 (for LC solver).

The mesh generation time was about 30 seconds. The calculation time was less than 7 hours using Dell Precision 
T5600 (Intel Xeon 16 Core 3.1GHz, RAM:128GB). The goals convergence was achieved after about 1000 iterations (for 
LC solver).

The resulting mesh is shown in Fig. 3-12.

Figure 3-11. Local mesh regions and their settings.

1 - Level of refining all cells=1
2 - Level of refining all cells=4

Figure 3-12. Computational mesh around the CRM.
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The calculated pressure distributions and trajectories colored by Mach number are shown in Fig. 3-13.

Fig. 3-14, 3-15, 3-16, 3-17 and 3-18 show the dependencies of the lift coefficient, the drag coefficient and the 
pitching moment on the angle of attack, the drag polar and the lift-to-drag ratio for Reynolds numbers from 5 
million up to 30 million [Ref.5,6].

                                                                           Figure 3-13. Pressure distribution and trajectories at α=4°.

                                                                                                          Figure 3-14. Lift coefficient.
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Probable causes of the discrepancy between the predicted and experimental pitching moment values are often 
attributed to imperfection in experimental data handling or reliability. But we suppose that another factor is of 
importance – insufficient accuracy of downwash angle evaluation.

                                        Figure 3-15. Drag coefficient.                                                                        Figure 3-16. Pitching moment.

angle of attack

angle of attack
angle of attack

angle of attack

Figure 3-16. Pitching moment
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As it can be seen in Fig. 3-17, the HMN solver predictions agree with the experimental data better than the LC 
solver predictions at the angles of attack higher than 5°, since the HMN solver predicts the shock wave position 
more accurately (as mentioned in A brief overview of numerical methods).

Fig. 3-19 shows the solution-vs.-mesh convergence plot for the lift and drag coefficients and the effect that the 
boundary layer approach has on the calculation results. So investigating the solution-vs.-mesh convergence only 
makes sense within the same boundary layer approach (as mentioned in Using two-scale wall functions).

                                        Figure 3-17. Drag polar.                                                                                    Figure 3-18. Lift-to-drag ratio.

                                                                                             Figure 3-19. Solution-vs.-mesh convergence.

angle of attack

Number of cells
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The pressure coefficient distributions at sections along the span of the wing predicted by FloEFD and determined 
experimentally for the angle of attack of 2.62º are shown on Fig. 3-20 [Ref.6].

                                                                          Figure 3-20. Pressure coefficients at sections along the span of the wing.
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