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Introduction

Accurate calculations of steady, viscous flows atbmultiple-element high-lift airfoil
configurations in two dimensions remains a chakertg the aerodynamics CFD
community. Maximum lift, drag, and pitching momeate difficult to compute
consistently and accurately, especially with theuoence of local flow separation on
one or more of the airfoil elements.

The multiple-element airfoil test case that wasateld for the CFD 96 Code Validation
Challenge is important for the following reasons:

1. The multiple-element airfoil is a practical configtion of current interest to the
aircraft industry in Canada and abroad.

2. The viscous flow around the airfoil is complicatby features such as flow
separation and the interaction of the wake withbixendary layer.

3. Reliable experimental data from wind-tunnel tests available to compare to
computational results.

The multiple-element airfoil test case is actudllgse A-2 in the AGARD Advisory
Report No. 303 entitled "A Selection of Experiméniast Cases for the Validation of
CFD Codes," Volumes 1 and 2, August 1994. The éxymtal data contained therein
are particularly valuable for CFD code validatioechuse of the accuracy of the
measurements for the two-dimensional configuratiamch is due primarily to the high
degree of two dimensionality of the wind-tunnefeeld.



The airfoil consists of three elements: a slat,annfoil, and a single-slotted flap. [The
configuration is depicted at the bottom of this @&g

Problem Specifications

1. Input Geometry: The surface coordinates (x, y)hef $lat, main element and flap
are tabulated at the end of this article.

2. Mach number: 0.195.

Reynolds number: 3.52x10e6

W

Transition on slat: free transition on upper ansldosurfaces.

5. Transition on main element: fixed transition ataigce x = 0.125 m on the upper
and lower surfaces.

6. Transition on flap: free transition on upper angédo surfaces.
7. Angle of incidence: 0 to +23 degrees.

8. Non-dimensionalize results: Use sea-level atmosphmmditions and the unit
chord.

Slat, Main Element and Flap Coordinates (X, y).

\ Slat coordinates \ Main element coor dinates (m) | Flap coordinates(m)

10.027490| 0.017991/0.89987( 0.0172000.052890-0.021420 1.214624| -0.11353()
10.021231|0.013241/0.87126(] 0.019430,0.048640-0.021060 1.193291| -0.10696€,
10.011552| 0.004325|0.83599(] 0.021190/0.043550-0.019330 1.150970| -0.093895,

-0.004135-0.0117950.802400] 0.0218200.039060-0.015140 1.123617| -0.085397,
-0.01216(-0.0214180.76647( 0.0209200.037490-0.009480 1.097197| -0.07726(|
-0.018975-0.0311280.75349(] 0.019960|0.039190-0.001600 1.05893Z| -0.065674;
)
)
)
)
)

-0.022844-0.0374780.735200 0.017900,0.043650 0.006190| 1.03462() -0.05852¢,
-0.027273-0.0461520.72954(] 0.0170300.048240 0.010880|0.996129| -0.047562,
-0.029451/-0.0523430.718900 0.0151700.055920 0.016870|0.967841| -0.039703,
-0.030201/-0.0612880.70958(] 0.013210/0.062110 0.020990| 0.953663| -0.035852,
-0.028411/-0.0691480.701600 0.011010/0.072390 0.026910| 0.94044€ -0.03228¢;




-0.024596-0.073614 0.690290 0.0071200.083730 0.032240| 0.926244| -0.028500)
-0.018756-0.075514 0.682300 0.003430/0.104760 0.040220|0.917211| -0.02609€,
-0.017118-0.0753350.67698(]-0.0001700.117300 0.044210|0.909167| -0.023871
-0.01678(0-0.076060 0.67299(]-0.004160 0.134530 0.047900| 0.90510€| -0.0223953,
-0.025493-0.079097,0.66999(]-0.0113800.153460 0.050670 0.901391| -0.019944;
-0.035315-0.0824300.67332(]-0.019060 0.168330 0.052460| 0.90033¢| -0.012133,
-0.04217(-0.0842690.67731(]-0.0203300.172890 0.052960| 0.907722| -0.00450¢
-0.049084-0.085176 0.67731(]-0.020960 0.18244(0 0.054030| 0.91537€| -0.001953,
-0.055933-0.084663 0.66866(]-0.0217200.200270 0.055850| 0.920255| -0.001185,
-0.059101/-0.0833820.63473(]-0.0248500.203160 0.056150| 0.926453| -0.000706,
-0.062122-0.0816350.60213(]-0.028010 0.234300 0.058920| 0.930333| -0.00074E,
-0.066395-0.0764000.56786(]-0.0315700.266130 0.061280|0.937713| -0.000877,
-0.067831/-0.0701730.53493(1-0.0347000.301060 0.063370|0.94184€| -0.001212,
-0.06715(-0.063754 0.50067(]-0.037820 0.335000 0.064970|0.950351| -0.00214¢;
-0.066302-0.060865 0.46673(1-0.040350 0.366270 0.066030| 0.960400 -0.00371§,
-0.06347¢-0.0551130.43247(]-0.0422500.401530 0.066770|0.971630| -0.00593Z,

)

)

)

)

)

)

)
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)

]

-0.059726-0.049766 0.400200-0.0434500.43446() 0.067000|0.977522| -0.007257,
-0.05369(-0.043024 0.36826(]-0.043910 0.468400 0.066730|0.989221| -0.010143,
-0.046491/-0.036434 0.33367(]-0.043750 0.499000 0.066030| 0.995344| -0.011797,
-0.034454-0.0260430.30007(]-0.042880 0533270 0.064740 1.001430) -0.013554;
-0.019737-0.0143030.267800-0.0414200.56 7860 0.062840| 1.020150| -0.01951€;
-0.00694(-0.0047390.23287(]-0.039160 0.599800 0.060480| 1.034272| -0.02448¢;
0.008486/ 0.006239|0.20259(-0.036530 0.635400 0.057520| 1.063809| -0.03572€;
10.013998| 0.010012(0.167000-0.0329300.66866( 0.053560| 1.097886/ -0.050076
10.019714( 0.013891|0.136730-0.0297700.701260 0.049500| 1.12563¢| -0.063296
10.027025| 0.018988|0.10146(]-0.026280 0.734530 0.044940| 1.15560€ -0.079195,
| | 10.08417(-0.0245500.765140 0.040450| 1.183517| -0.09490¢,
| | 10.0711201-0.0232500.799070 0.035100| 1.214740 -0.113210)
| | 10.0678601-0.0228200.83333() 0.029440)| \
| |
| |

10.06124(]-0.0222900.867930 0.023520| |
0.89987( 0.017900| |
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Desired Results

1. Clversus a (lift coefficient as a function of tiegle of incidence).



Cd versus a (drag coefficient as a function ofathgle of incidence).
Cm versus a (pitching moment coefficient about 8. 25m as a function of the
angle of incidence).
4. Cp versus x (surface pressure coefficient distidmtat a = 4 degrees.
5. Cp versus x (surface pressure coefficient distigoytat a = 20 degrees.
6. Boundary layer profiles of total pressure coefiti€p_tot, for both angles of
incidence (4 and 20 degrees) normal to the uppéciat:
i. X =0.35m on the main element,

ii.  main element shroud trailing edge,

iii.  50% flap chord,

iv.  flap trailing edge.
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Thefollowing information isrequested of participants:

= name and affiliation,

= brief description of code and solution algorithm,

= brief description of turbulence model and handbfgear-wall effects,
= brief description of grid and grid-generation teicjues,

= description of any modifications to the specifiebmetry,

= definition and level of convergence,

= computational times.

Comments

In addition to the airfoil geometry defined herelimth a multiple-block structured grid
(provided by Tom E. Nelson of de Havilland Inc.fdaan unstructured mesh (provided by
Denis J. Jones of IAR/NRC) are available to pgdats. In both of these grides, the
element trailing edges have been closed; this iserpected to appreciably affect the
computational results. Of course, participants megerate their own meshes. But, they
are nevertheless encouraged to also perform amndpreolutions on the grids provided,
if feasible, so as to eliminate the effects of gratiations in the comparison of results
from different participants.

Files containing the airfoil coordinates, as wallthe Nelson's and Jones' meshes can be
obtained via e-malil (ifejteck@dehavilland.ca) frdam G. Fejtek at de Havilland Inc.
Also, please address all enquiries regarding theplioer Code Validation Challenge to
lan G. Fejtek at the e-mail address given or tretgd@ddress included on the last page of
this Bulletin.

Please submit all results by May 6, 1996, to larFgtek via e-malil, if possible, or to
Fejtek's postal address on the Bulletin's last page
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