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Two invis
id airfoil 
ases are 
omputed on a su

ession of grid domain sizes to determine the

sensitivity of C

L

, C

M

, and C

D

to the lo
ation of the outer grid boundaries. The two 
ases are

summarized in Table 1. Figure 1 shows the grid near the airfoil for 
ase A. The rather �ne grid

resolution is intended to remove any un
ertainties from grid trun
ation errors. The C

p

distributions

for the two 
ases are shown in Figure 2.

Table 1: Computed airfoil 
ases

Airfoil t=
 M

1

� C

L

C

M

C

D

A 18.2% 0.005 5:0

Æ

1.346 -0.180 0.00000

B 6.0% 0.800 0:5

Æ

0.543 -0.109 0.00551

Figure 1: Typi
al grid near the airfoil for 
ase A.

Eight grid domain sizes were run for ea
h airfoil. These are shown in Figure 3. The supersoni


bubble of airfoil B is also shown. The largest domain used a 405�56 grid. Smaller grid dimensions

were used for the smaller domains, so that the resolution near the airfoil remained very nearly the

same. The surfa
e grid spa
ing remained exa
tly the same for all domain sizes, with 180 grid points

pla
ed on ea
h airfoil side.

Table 2 shows the 
omputed for
e 
oeÆ
ients for airfoil A for ea
h domain size, normalized to

the referen
e baseline value of the largest domain. The r value is roughly the distan
e from the
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Figure 2: Surfa
e C

p

distributions for test airfoil 
ases.
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Figure 3: Grid domains used for test airfoil 
ases.
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airfoil to the outer boundaries, and is de�ned as r =

p

A=2, where A is the area of the nearly-square

domain. Table 3 shows the same results for airfoil B.

Table 2: Computed for
e 
oeÆ
ients for range of domain sizes for airfoil A.

Vortex+Doublet far�eld Vortex far�eld

r=
 C

L

=C

L

ref

C

M

=C

M

ref

C

D

=C

D

ref

C

L

=C

L

ref

C

M

=C

M

ref

C

D

=C

D

ref

10.0 1.0000000 1.0000000 | 1.0000000 1.0000000 |

5.8 1.0001485 1.0001116 | 1.0004606 0.9994978 |

3.3 1.0005796 1.0004462 | 1.0020509 0.9982703 |

2.6 1.0011816 1.0007808 | 1.0037749 0.9973777 |

2.0 1.0022146 1.0012270 | 1.0075424 0.9957038 |

1.5 1.0070971 1.0035697 | 1.0192610 0.9955922 |

1.2 1.0134808 1.0062469 | 1.0192610 0.9955922 |

1.0 1.0313907 1.0137765 | 1.0569880 1.0029012 |

Table 3: Computed for
e 
oeÆ
ients for range of domain sizes for airfoil B.

Vortex+Doublet far�eld Vortex far�eld

r=
 C

L

=C

L

ref

C

M

=C

M

ref

C

D

=C

D

ref

C

L

=C

L

ref

C

M

=C

M

ref

C

D

=C

D

ref

10.0 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000

5.7 1.0002208 0.9999080 1.0012709 1.0029782 0.9963113 0.9930645

3.3 1.0006993 0.9984359 1.0003631 1.0130529 0.9857986 0.9739004

2.6 1.0013250 0.9959518 1.0000201 1.0228701 0.9768536 0.9574740

2.0 1.0006073 0.9868433 0.9867465 1.0400229 0.9551826 0.9151305

1.5 1.0019139 0.9698225 0.9691358 1.0657058 0.9216157 0.8446797

1.2 1.0085393 0.9398289 0.9477124 1.1032650 0.8671155 0.7375433

1.0 1.0322800 0.9083632 0.9980029 1.1527742 0.8127075 0.6563241

These results are plotted in Figures 4 and 5. They 
learly show the e�e
tiveness of the higher-

order vortex+doublet far�eld representation in redu
ing the required grid domain size, espe
ially for

the transoni
 
ase B. The irregular behavior near r=
 = 1:0 is not unexpe
ted, sin
e the \far�eld"


on
ept be
omes rather suspe
t here.

With the vortex+doublet far�eld (IFFBC=2 inMSES ), a domain size of r=
 = 2:0 appears to

be adequate for the low-Ma
h 
ase A, and r=
 = 3:0 appears suitable for the 
ase B. The in
rease

in required domain size for the 
ompressible 
ase 
orresponds fairly well to the Prandtl-Glauert

s
aling fa
tor, whi
h is 1=

p

1�M

2

1

= 1:67 for 
ase B.
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Figure 4: Computed for
e 
oeÆ
ients versus domain size for airfoil A.
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Figure 5: Computed for
e 
oeÆ
ients versus domain size for airfoil B.
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