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Abstract

This survey was prepared for having a structuredpsmdium about the aerodynamic charac-
teristics of several supercritical airfoils. It még used within the scope of the design of
commercial airliners. The survey is based on phblisdata coming from wind tunnel tests
performed at the NASA Langley 0.3-Meter Transoniyd@enic Tunnel. All of the refe-
renced reports are published on the NASA Techiireglorts Server.
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1 | ntroduction

This survey of selected supercritical airfoils wamlocated in order to provide an easily to
access and user-friendly compendium of experimemsililts of supercritical airfoil tests.
Most of the pages are copies of the original pahioms coming from the NASA Technical
Reports ServerNTRS 2011) which is open to the public. It has to be notedlt,t with two
exceptions [NACA 65214 and SC(2)-0714], all tests were conducted uadaese conditions
at high Mach and Reynolds numbers.

Most of the tests were performed in the cryogemmel at NASA Langley Research Center.

The use of the survey pages mostly is self-exptagaBasic knowledge of geometry parame-
ters of airfoils and of aerodynamic coefficientseguired.

1.1 Included Data

For keeping the survey as clear as possible treeptation of each airfoil has the same struc-
ture. A new airfoil is presented with its name dhd institution of its origin. Next there is a
small table containing the most important datahaf &irfoil. The first two rows include the
year of the referenced publication and the numbéhnis reference. The following rows con-
tain the maximum relative thickness of the airfas,design lift coefficient and Mach number
and the type of boundary layer transition. For s@iniils not all of these data were availa-
ble. A drawing of the airfoil together with its aalinates is presented as well.

On the following pages the lift, drag and pitchingment coefficients depending on the angle
of attack are shown for several Reynolds and Maghlrers. Here the way of presentation
may differ from airfoil to airfoil. For some airfisi some additional information (e.g. drag di-
vergence Mach number vs. lift coefficient) is given

1.2 Boundary Layer Transition

For each airfoil in this survey there is a statemiecluded regarding transition. This refers to
the position of the transition from laminar to tukdnt boundary layer. This transition is either
forced by a transition strip placed near the legaidge of the airfoil (fixed transition) or oc-
curs naturally (free transition). The airfoils uskedl testing mostly have chord lengths be-
tween 7 and 20 cm, which is very small. With a fir@@sition a huge portion of the boundary
is laminar at low Reynolds numbers (Re ~ 8) ¥6r such small airfoils. This does not reflect
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the conditions for a full scale airfoil at the saReynolds numbers. Here the transition takes
usually place close to the leading edge (hence ofa$te boundary layer is turbulent). Con-
sequently a free transition at small chord lengtbsid result in lower drag coefficients than
for full scale chord lengths. This is why for masdtthe tests transition strips were placed
close to the leading edge of the airfoils for hgvthe same conditions as for full scale air-
foils. Note that these effects become more and megéigible for higher Reynolds numbers.

In NACA TN 4279 (published in 1958) it is written about this tapic

“The extrapolation of small-scale test results toditions that generally represent those of full
scale continues to be one of the major problemswemered in properly interpreting wind-tunnel
data. A vast majority of all high-speed tests indMunnels are conducted at Reynolds numbers
below 4 million (based on the wing chord). For Ralgs numbers of this order, a large percent-
age of the boundary layer on the model can be lamamd changes in Reynolds number may
cause rather large differences in the pressureiistion [...]. Tests at low Reynolds nhumbers can
result in irregular lift and moment characteristiand changes in skin-friction drag with lift coef-
ficient. Under full-scale conditions in flight, dhe other hand, where the boundary layer is turbu-
lent over most of the lifting surfaces, few, if aofythese irregular variations in aerodynamic
characteristics found near zero lift would be expdc’
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2 Overview of Contained Airfoils

Airfoil Maesign Cidesign (t/C)max References Page
BAC 1 n/a n/a 0,1 NASA TM 87600, NASA TM 81922 10
CAST 7 0,76 0,573 0,118 AGARD AR-138 20
CAST 10-2 / DOA 2 n/a n/a 0,121  NASA TM 86273 24
Cessna EJ Red. Airfoil  0,735”  0,508" 0,115 NASA TP 3579 40
DFVLR R4 n/a n/a 0,135 NASA TM 85739 52
NACA 65,-213 n/a n/a 0,126  NASA TM 85732 106
NLR 7301 0,747 0,45 0,163  AGARD AR-138 114
NPL 9510 0,75 0,6 0,11 NASA TM 85663 117
SC(2)-0012 n/a n/a 0,12 NASA TM 89102 171
SC(2)-0710 0,78 0,7 0,1 NASA TM X-72711 177
SC(2)-0714 0,74 0,7 0,14 NASA TM X-72712 (high speed) 196
NASA TM X-81912 (low speed)
SC(3)-0712(B) 0,76 0,7 0,12 NASA TM 86371 223
SKF 1.1 0,769 0,532 0,1207 AGARD AR-138 230
Airbus TA11 n/a n/a 0,111 n/a 233

Y This airfoil has two design points, one for lorange cruise and one for high speed

cruise. The numbers given in the table are thoseiffh speed cruise. The numbers for
long range cruise are: dign= 0,654; Ggesign= 0,979.
2 This airfoil was actually developed for laminaovl. However, laminar flow airfoils
also showed good characteristics at supercriticativhumbers. This is why the airfoll
NACA 65;-213 is included in this survey.
®  The numbers given in the table are derived froenekperimental results. According to
the theoretic design point the numbers of thiodigre: Myesign= 0,721; Gyesign= 0,6.
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3 Drag Divergence Mach Number vs. Relative
Thickness

Figure 3.1 shows analytical drag divergence Macimbmers determined for NASA phase 2
supercritical airfoils. Only the graph for a lifoefficient of 0,7 was validated, namely with

the help of two experiments with the airfoils SC@)10 and SC(2)-0714. Tests conducted
with the phase 3 airfoil SC(3)-0712 showed a dragrdence Mach number of 0,76, which

also matches the graph very well.
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Figure 3.1 Analytical drag divergence Mach numbers for NASA phase 2 supercritical airfoils (acc.

to NASA TP 2969)
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4  Survey of Supercritical Airfoils



BAC1

Boeing Aircraft Company

Year 1985
References NASA TM-87600 (coordinates)
NASA TM-81922 (figures)
t/c 0,1
Transition fixed at 0,1c
5000 —
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Figure 48.- Characteristic variation of normal-force coefficient with Mach number
at drag divergence in Reynolds number range of 14.0 x 106 to 45.0 x 10°. Free
transition.




Airfoil Coordinates (in % chord)

x/c [%] yu/c [%] x/c [%] yile [%]
0,000 0,000 0,000 0,000
0,050 0,242 0,050 -0,235
0,120 0,388 0,120 -0,349
0,200 0,504 0,200 0,432
0,300 0,619 0,300 -0,508
0,500 0,798 0,500 -0,625
0,800 1,006 0,800 -0,758
1,200 1,229 1,200 -0,903
1,800 1,502 1,800 -1,084
2,400 1,731 2,400 -1,240
3,200 1,993 3,200 -1,424
4,000 2,022 4,000 -1,590
5,000 2,474 5,000 -1,779
6,000 2,697 6,000 -1,954
7,000 2,896 7,000 2,116
8,000 3,079 8,000 2,269
10,000 3,401 10,000 22,548
12,000 3,678 12,000 2,799
14,000 3,921 14,000 -3,028
16,000 4,134 16,000 -3,236
19,000 4412 19,000 3,519

22,000 4,647 22,000 -3,767

26,000 4,907 26,000 -4,048

30,000 5,113 30,000 -4,269

35,000 5,308 35,000 -4,463

40,000 5,436 40,000 -4,548

45,000 5,499 45,000 -4,501

50,000 5,498 50,000 -4,285

55,000 5,424 55,000 -3,875

60,000 5,269 60,000 -3,265

65,000 5,013 65,000 -2,508

70,000 4,638 70,000 -1,704

74,000 4245 74,000 -1,107

77,000 3,896 77,000 -0,709
80,000 3,501 80,000 0,379
83,000 3,060 83,000 -0,123
85,000 2,742 85,000 0,005
87,000 2,407 87,000 0,100
89,000 2,060 89,000 0,162

91,000 1,705 91,000 0,190

93,000 1,350 93,000 0,185

95,000 0,994 95,000 0,147

97,000 0,639 97,000 0,075

98,000 0,461 98,000 0,026

99,000 0,283 99,000 -0,030

100,000 0,106 100,000 -0,096
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CAST 7

Versuchsanstalt flir Luft- und Raumfahrt e.V. (DFVLR)

Year 1979
Reference AGARD-AR-138
t/c 0,118
Ci,design 0,573
Mesign 0,76
Oldesign 0°
Transition fixed at 0,05¢

Airfoil according to coordinates given in AGARD-AR-138

10,000
5,000
\ \
0,000 —
0,0 5000 10,000 15,000 20,000 25000 30,000 35,000 40,000 45,000 50,000 oU,000 65,000 70,000 75,000 80,000 85000 90,000 95000 100,000
5,000 —
-10,000
Airfoil according to drawing given in AGARD-AR-138
z
75
ts , 9 1B LR L ;2 23
3 ,/,,;——"t' Cm Nl‘
. S : —— x
55 MBF « 4 43
__,/’3"1/ P 39 Chord iine
37 (reference for model coordinates)
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Airfoil Coordinates (in % chord)
(do not agree with drawing in AGARD-AR-138)

x/c [%] yo/c [%] x/c [%] yi/c [%]
0,000 0,000 0,000 0,000
0,017 0,214 0,109 -0,526
0,356 1,021 0,867 -1,337
0,576 1,327 2,055 -1,743
1,001 1,791 4,508 -2,310
1,796 2,407 6,874 -2,781
3,131 3,110 12,533 -3,662
4,526 3,687 16,323 -4,135
6,839 4,394 20,122 -4,517
8,707 4,818 23,930 -4,799
12,485 5,443 27,744 -4,972
16,288 5,891 31,562 -5,036

20,106 6,217 35,381 -4,993

23,929 6,455 39,197 -4,851

27,756 6,626 43,008 -4,622

31,584 6,744 46,815 -4,317

35,414 6,817 48,716 -4,140

41,160 6,852 52,513 -3,743

44,990 6,823 56,306 -3,300

48,820 6,752 60,095 -2,821

52,649 6,637 63,880 -2,321

56,476 6,470 67,665 -1,812

60,300 6,245 69,557 -1,559
64,119 5,956 73,345 -1,070

69,836 5,384 75,240 -0,841

73,637 4,904 79,036 -0,429

77,426 4,344 80,937 -0,256
81,205 3,714 84,747 0,005
83,090 3,376 86,655 0,082
86,854 2,666 88,564 0,119

90,613 1,927 90,473 0,114

94,369 1,177 92,382 0,065

96,247 0,799 94,289 -0,022

98,124 0,419 96,195 -0,143

100,000 0,036 100,000 -0,466
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A3-26

11 10
a vy
Cy /klo'-n.._a
10 09
(Cr) [
a3
69 08 o
' ,{ e
08 a7 £5
g CAST 7
07 06 4 Ma =076, Re=6-108 |
CAST? Trans.. 0,06 BA, 7L /87LL
;' Ma=0.70, Re=6-105 —o— DFVLR-TWB
06 Trans.: 0,068BA, 7L/7L— 05 apme— ARA —
/ 8L/81 o=
—O— DFVLR-TWB
05 / ——A—— ARA i
0.4 o 03
L
0.2 /’ a1
0,7 0 oY
4 ) _ a0 ~ e ° o ° °
4 2 2 3 5 8° x 10
P
-4° -2° =~ 2° 40 6° g° 10°
o a
|
0,030 T ] ] T I
-007 T I I Cw CAST 7 '
C, CAST 7 | Re=6-106
” 106 0.028 Trans.: 0.0684,7L /7L
_0.08 Re=6- Cn 8L/81 i
’ frans.: 0,06 BA, 7L//B7L —O0— DFVLR-TWE ,
8L/8L —trm
—0O— [DFVLR-TWB 0026 =0~ ARA i
-0,089 —fy— ARA |
0024 f
-0,10 T i
i
0,022 1
| !
-g,11 ll |
~ i
0020 d
-0,12 l'f /
0018 } !
‘0.13 /"g D
0,016 'f /
-0.14 /,l
0014 l
0 # r
-015 h
0 0.2 0.4 06 08 10 12 {i
rCyl Ca GO012F— Ma =076 f‘
rf
Figure 3.6 DFVLR-TWDB and ARA tests. Aero- D
dynamic coefficients. 0,010 0= =— j
a, Angle of attack variation 1 /
a, ,CC’
0010 0"" == £
"'-—1..0__—
Mg =070
0,008 |
0 02 04 06 08 10 12
Ca
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Aerodynamic Coefficients

NA-. MACH E-&sRE ALPHA CA cM cw

2453 « 697 5.80 -2.088 +IBB3 -.10847 .B09632
2495 « 781 6.6 =-i.82 2478 =.11058 -209341
24%6 « 703 5.99 -1 «3919 -.11876 .209554
2497 - 781 5.97 1.0 «5422 =-.LiB877 .818476
2498 781 5.%4 2-89 «TABE =.10979 012468
2499 702 5.96 3.84 «9057 -.11389 .221677
2588 + 699 5.95 4.99 1.8637 =.1239@0 .239833
a5al - 788 5.91 4.58 1.8297 -.11697 .B88949
25ag + 699 5.98 5.8 1«@1B7 =-.118%@

2492 + 761 5:98 -2.88 1867 -«11769 Q10196
2484 -761 5.97 =-1.BB -2627 =-.11974 .2101a1
2485 759 5.98 « 00 4268 =.12195 .2104aal
2486 + 761 6.00 +5@ «5164 -.12232 .@8111ad

2491 « 768 5.99 « 78 «57T89 -.18591 .211830
eaqa7 + 768 5.92 i.00 «6297 =-.13114a 213838
2488 « 759 6.88 1.5@ «TIBT =.1415% 219940
2489 « 768 594 2.80 - 7258 =.135%38 .241%63
2492 <TBI 5,99 3.00 «T384 =-.12548 .861552
2511 +487 5«49 « 5@ «3818 -.29001 Q89730
2512 + 499 5+78 « 58 +3997 ~-.09495 .@008745
2514 + 602 5.86 + 58 <4272 -.10288 .2889T3
2515 » 8650 5.80 «58 ~A4448 =-.18459 .009466
2514 - T02 5.88 « 58 <4674 =.11216 .BIB1T4
- «T17 5.81 « 5@ 4881 ~-.1145%8 .209943
2548 + 739 5.87 -1 +496% =,11T774 .@18352

este 1] 5+ 986 - 5@ «5126 =.12174 211314
250 «759 5.97 =58 -5228 -.12355 .21073)

2524 +TES 5. B8 5@ «S27@ ~.1E2588 .211194
esel +77@ 5.99 50 +»5aT7T@ -~.133823 .212207
25pp « 779 5.89 « 58 +5348 ~-.13716 .016398
2523 +801 5.9 « 58 -4%36 -.13488 .82£708
-1 1] + 789 4.11 - 50 +5160 =-.12851 +Q18277
2505 + 761 S« 18 +50 «SBBE ~-.1224% 811553
2586 «T68 5.81 + 58 -5863 -.12340 .818%599
ase7 « 783 7.83 -1 5327 -.12652 .8l2588
2508 «762 18.87 58 «5486 -.1P923 .P09927
2509 758 1L1.77 « 58 5488 ~-.18984 .810398
2518 £760 13-41 .58 «5413 =-.12921 .818124

252% <760 4,09 2.808 -T116 -.13192 .0AR35A4
23526 =762 503 2.80 +T2T9 -.1353% -838%594
2587 + 760 5.94 e.00 +7387 -.139866 .B3B199

2531 - 762 T.81 2-2a + 7482 -.14236 .B39436
2538 =759 .96 2.09 «77T18 =.1477 .831793
2529 -758 11.78 2.80 + 7736 -.14793 -8IE5%59
2528 «T759 13.49 2.20 L7772 -.14957 231583
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CAST 10-2/
DOA 2

Versuchsanstalt flir Luft- und Raumfahrt e.V. (DFVLR)

Year 1984
Reference NASA TM-86273

t/c 0,121

Transition free

UIUU Airfoil Data Site

1.2
1.0 |
0.8 ?
c, o6}
0.4 |
|
0 1 /o 1 )
0.5 0.6 0.7 0.8 0.9
M
Figure 9.— "Usable" two—dimensional normal force data from tests

of the CAST 10-2/DOA 2 airfoil in the 0.3—m TCT.



Airfoil Coordinates

Upper Surface

z/c
x/c Design [Measured

0.0 .0034 .0035
.0009 .0080 .0080
.0026 0114 0114
.0076 0170 .0170
.0126 .0208 0207
0176 0239 0239
.0251 .0281 .0280
.0351 .0329 .0327
0476 .0378 0375
.0651 .0431 0429
0876 .0484 0483
1151 .0532 .0532
.1551 .0583 .0584
.2151 0634 0635
2751 .0665 .0664
3351 0682 .0681
.3950 .0689 .0688
.4550 0686 .0685
5150 0672 .0670
.5750 .0645 0644
.6350 .0603 0602
.6950 0539 0538
.7550 0451 0450
8150 0338 0336
8750 .0206 .0202
9200 0099 .0096
.9500 .0027 .0025
9775 |-.0040 | —.0039
1.0000 |-.0095 | —-.0089

25

Lower Surface

z/c
x/c Design |Measured
.0011 | —-.0016 | —.0018
.0026 | —-.0038 | —.0039
.0076 | -.0073 | —.0072
0126 | -.0091 | —.0090
0176 | -.0105 | —.0105
.0251 | -.0122 | —.0123
0351 | —.0144 | —.0144
.0476 | -.0170 | —.0168
.0651 | -.0201 | —.0200
.0876 | -.0238 | —.0237
4151 | —=.0277 | —.0276
1851 | —.0327 | —.0326
.2151 | -.0392 | -.0391
2751 | —.0447 | —.0445
.3351 | —.0491 | —.0490
3950 | —-.0521 | -.0520
4550 | -.0532 | —.0531
.5150 | —.0520 | —.0519
5750 | —.0486 | —.0485
.8350 | —.0435 | —.0433
6950 | -.0375 | —.0374
7550 | —.0313 | —.0312
8150 | —.0255 | —.0254
.8750 | —.0206 | —-.0204
9200 | -.0176 | —.0175
.9500 | -.0161 | —.0161
8775 | -.0150 | —.0153
1.0000 | —-.0145 | —.0145

+ Measurements made by DFVLR.



CAST 10-2/
DOA 2

Lower Mach Numbers
M=0,6; M=0,7)
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CAST 10-2/
DOA 2

Higher Mach Numbers
(M=0,73; M=0,75; M =0,765; M =0,78)

35



"994} UOI}ISUDJ)

‘loJid Z ¥0d/Z—01 LSVD jO SOISH8}oDIDYD jUSWOW  pub 3dJoj UC JBquinu spjoukey jo 39943 —'1¢ @4nbl4

¢cL0 =N (0)
) P> 8ap'o
1°- 2~ 820  he0*  020°  9I0° 210" 800°  HOO" 8 h 0 LA
0 _ o .
| i i
e Pl
i/ d
) I .
57 8
s vl bl P .
o9 q
01
g Ot X 0s1 O o
g0t X 001 [
g0l X 07 O hrl
%y
91

69

36



‘PanuURUOY — 1z ‘Biy

GL'0 = W (q)
> Py 3ap'n
I°- 2 - 80" _he0 020 910°  gI0* @00 woo- 8 h 0 e
i i P
ﬁ Mw *._l
\AE
i P = .
o 74 7]
\\\.\[\/ 4
— Y]
mc
01
21
g0t X 061 O
g0l x 001 O
g0l X 0% O h*1
%y
91
81

70

37




‘panupuoy —iz °bi4

cos'0 = W (9)
P>
0c0° 910 cl0*

&?;}J

g

01

¢l

71

38

g0 X 00z O

oL x 06l O

9

% O
moF 00l O

Y




‘Pepnjouoy —°1g .9'._

01

c 1

Rl

820 = W (P)
Ps 8ap'n
1°- ¢~ 80" h0° 020" 910 2100  800'  hoo- 8 h 0 b=
=1
\gw ot—TAm—T1 | va
ke
g0t x 051
g0t x 0013
g0 X 07O
%Y

91

81

72

39




Cessna Executive Jet Modified Airfoil
(2 point design)

NASA and Cessna Aircraft Company

Year 1996
Reference NASA TP-3579
t/c 0,115
Chioan lqng range: 0,979
’ high speed: 0,508

long range: 0,654

Mdesi .
& high speed: 0,735
Transition fixed at 0,05¢
0,10000
0,05000 —— \_
\\
—

0,00000 —

0,00 0 0,10000 0,13000 0,20000 0,25000 0,39000 0,35000 0,4Q000 0,43000 0,50000 0,55000 0,6Q000 0,650 ;73000 0,80000 0,85000 0,90000 0,95000 1,0f

—

-0,05000

-0,10000

40




10

Table 2. Design Coordinates for Modified Airfoil

Upper surface Lower surface Upper surface Lower surface
x/c ylc xlc ylc x/c ylc xlc ylic
0.00000 | 0.00000 | 0.00000 | 0.00000 {| 0.44557 | 0.06434 | 0.44557 | -0.04819
.00099 00620 .00099 | —.00602 46597 06391 46597 | —.04692
.00301 01045 .00301 | -.00987 .48646 06330 48646 | -.04541
.00604 .01431 .00604 | -.01314 .50699 06248 50699 | —.04369
.01005 .01788 01005 | —.01595 .52756 06143 52756 | —.04178
.01500 02122 .01500 | —-.01833 54812 06014 54812 | -.03971
.02088 .02438 02088 | —.02033 .56865 05862 56865 | -.03749
02764 02740 .02764 | —.02203 .58912 05686 58912 | -.03514
03528 .03030 .03528 | —.02351 .60950 05489 .60950 | —.03268
.04374 .03308 04374 | -.02485 .62977 05274 62977 | -.03014
.05302 .03570 .05302 | —.02609 .64990 05043 .64990 | -.02754
.06308 .03816 06308 | -.02730 66986 04803 .66986 | —.02491
07389 .04048 .07389 | -—-.02853 .68962 04555 68962 | —.02231
.08543 .04269 .08543 | —.02980 70915 04304 70915 | -.01976
09766 .04481 09766 | -.03113 72843 .04050 72843 | -.01730
.11056 .04685 11056 | —.03253 74742 03794 74742 | —-.01498
12411 .04881 12411 | —.03400 76611 .03538 76611 —-.01284
.13826 .05068 13826 | -.03553 .78445 03283 78445 | —-.01090
15300 .05247 15300 | —-.03713 .80243 03029 .80243 | -.00919
.16830 .05420 .16830 | —.03878 .82002 02775 .82002 | -.00773
.18413 05585 18413 | —.04047 83718 .02521 .83718 | —.00650
.20045 05743 20045 | —-.04215 .85389 .02269 .85389 | -.00551
21725 .05891 21725 | —-.04376 .87013 .02019 87013 | —-.00475
23450 .06025 23450 | -.04526 .88585 01775 .88585 | —.00420
25216 06143 25216 | —.04662 .90105 .01539 90105 | -.00384
27021 06244 27021 | —-.04780 91568 01312 91568 | -.00365
.28863 06326 .28863 | —.04880 .92972 01096 292972 | -.00360
30737 .06390 30737 | —.04960 94314 .00890 94314 | -.00367
.32642 06436 32642 | -.05018 95592 .00694 95592 | -.00383
.34575 06466 34575 | -.05052 96802 00507 96802 | -.00405
.36533 06481 36533 | —.05060 97942 .00329 897942 { —.00432
38513 .06485 38513 | —.05042 99009 .00160 299009 | —.00460
40512 06478 40512 | —.04995 || 1.00000 .00000 | 1.00000 | -.00489
42527 06462 42527 | —.04920
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t.R.=9.0x 105,

(h) Drag coefficien

ed.

Figure 13. Continu
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DFVLR R4

Deutsche Forschungs- und Versuchsanstalt fiir Luft- und Raumfahrt (DFVLR)

Year 1984
Reference NASA TM-85739
t/c 0,135
Transition n/a

N —

Note that UIUC Airfoil Data Site contains wrong coordinates

52


Daniel Schiktanz
Schreibmaschine
Deutsche Forschungs- und Versuchsanstalt für Luft- und Raumfahrt (DFVLR)


Proper Coordinates from Original Publication NASA TM-85739

XJ/C Z,/C xi/c z/c
0 0 0 0

0,0001 0,0043 0,0005 -0,0019
0,0005 0,0063 0,0011 -0,0033
0,0011 0,0079 0,0023 -0,0056
0,0016 0,0093 0,0045 -0,0084
0,0021 0,0103 0,0095 -0,0126
0,0045 0,014 0,0145 -0,0157
0,0095 0,0197 0,0195 -0,0184
0,0145 0,024 0,0245 -0,0207
0,0195 0,0276 0,0295 -0,0227
0,0245 0,0305 0,0345 -0,0245
0,0295 0,0332 0,0395 -0,0262
0,0345 0,0355 0,0445 -0,0278
0,0395 0,0376 0,0495 -0,0292
0,0445 0,0393 0,0545 -0,0306
0,0495 0,0409 0,0595 -0,0319
0,0545 0,0423 0,0645 -0,0331
0,0595 0,0436 0,0695 -0,0343
0,0645 0,0449 0,0745 -0,0354
0,0695 0,046 0,0795 -0,0364
0,0795 0,048 0,0995 -0,0404
0,0995 0,0515 0,1195 -0,0439
0,1195 0,0545 0,1395 -0,047
0,1395 0,057 0,1596 -0,0499
0,1596 0,0592 0,1796 -0,0525
0,1796 0,0611 0,1996 -0,0548
0,1996 0,0628 0,2196 -0,0569
0,2196 0,0643 0,2396 -0,0587
0,2396 0,0655 0,2596 -0,0603
0,2596 0,0666 0,2796 -0,0616
0,2796 0,0675 0,2996 -0,0627
0,2996 0,0683 0,3196 -0,0634
0,3196 0,0688 0,3597 -0,0639
0,3397 0,0692 0,3597 -0,0642
0,3597 0,0695 0,3797 -0,0642
0,3797 0,0696 0,3997 -0,064
0,3887 0,0696 0,4197 -0,0635
0,3997 0,0696 0,4397 -0,0629
0,4197 0,0695 0,4597 -0,0621
0,4397 0,0692 0,4797 -0,0611
0,4597 0,0688 0,4897 -0,0605
0,4797 0,0683 0,5047 -0,0596
0,4997 0,0676 0,5248 -0,0581
0,5197 0,0668 0,5448 -0,0564
0,5398 0,0659 0,5648 -0,0545
0,5598 0,0648 0,5848 -0,0524
0,5798 0,0636 0,6048 -0,05
0,5998 0,0622 0,6248 -0,0473
0,6198 0,0606 0,6448 -0,0444
0,6398 0,0588 0,6648 -0,0412
0,6598 0,0568 0,6848 -0,0377
0,6798 0,0545 0,7048 -0,0339
0,6998 0,0519 0,7249 -0,0302
0,7199 0,049 0,7449 -0,0264
0,7399 0,0459 0,7649 -0,0227
0,7599 0,0426 0,7849 -0,0192
0,7799 0,0391 0,8049 -0,0159
0,7999 0,0354 0,8249 -0,0131
0,8199 0,0315 0,8449 -0,0107
0,8399 0,0273 0,8649 -0,009
0,8599 0,0231 0,8849 -0,0079
0,8799 0,0186 0,905 -0,0074
0,8999 0,014 0,925 -0,0076

0,92 0,0093 0,945 -0,0085

0,94 0,0043 0,965 -0,0105

0,96 -0,0008 0,985 -0,0138

0,98 -0,0062 0,99 -0,0149
0,985 -0,0076 0,995 -0,0161

0,99 -0,009 1 -0,0172
0,995 -0,0104

1 -0,0121
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NACA 65;-213

0,001678 0,007443
0,00341 0,009994
0,00503 0,011758
0,0067 0,013252
0,008386 0,014567
0,011059 0,016381
0,033239 0,027097
0,043164 0,030862
0,050622 0,033447
0,060583 0,036629
0,073052 0,040277
0,083039 0,042983
0,095534 0,046135
0,108041 0,049058
0,138096 0,055279
0,16819 0,060579
0,248574 0,071175
0,329093 0,077504
0,409721 0,079916
0,510809 0,076324
0,591318 0,067696
0,671361 0,055594
0,751123 0,041353
0,790936 0,033806
0,840669 0,024292
0,88045 0,016869
0,920247 0,00991
0,960084 0,003893
0,970053 0,002644
0,980028 0,001537
0,99001 0,000619
1 0

0,001838 -0,004839
0,003322 -0,006681

0,005031 -0,008288
0,00677 -0,009546
0,008257 -0,010597
0,01163 -0,012409

0,016498 -0,014435
0,026656 -0,017705
0,034238 -0,019749
0,041802 -0,021587
0,051865 -0,023792
0,061909 -0,025764
0,071938 -0,02756
0,084459 -0,029618
0,096966 -0,031501

0,111959 -0,03356
0,141904 -0,037127
0,17181 -0,040115

0,251426 -0,045921
0,330907 -0,049166
0,390446 -0,050093
0,489491 -0,048105
0,588682 -0,041596
0,668639 -0,0339

0,748877 -0,024841
0,789064 -0,020046
0,839331 -0,014024
0,87955 -0,009375
0,919753 -0,005108
0,959916 -0,001631

0,969947 -0,00098

0,979972 -0,000453

0,98999 -0,000091
1 0

106

tests conducted by NASA
Year 1984

Reference NASA TM-85732
t/c 0,126

Transition if fixed at 0,043¢
° 0,25 ol3 0,35 o4 0,45 05 0,55 ole 0,65 07 pp—085_ 0
x/c yJ/c x/c yi/c
0 0 0 0




NACA 65;-213

free transition
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NACA 65;-213

fixed transition
at 0,043c
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0.1

-0.1

NLR 7301
(NLR HT 73108210)

National Aerospace Laboratory NLR (The Netherlands)

114

Year 1979
Reference AGARD-AR-138
t/c 0,163
c 0,6 (theory)
l7des1gn 0,45 (eXp)
M 0,721 (theory)
design 0,747 (exp)
Transition if fixed at 0,3¢
T : e : :
: ] HHR_ :
2 1 i = e
. . O W— - 5 : ST s T
s : : e
: ; 3 Tl
__Eﬁ;_f;_.ff :
UIUC Airfoil Data Site
Coordinates from UIUC Airfoil Data Site
x/c yJ/c x/c yi/c
0 0 0 0
0,0005 0,0073 0,0005 -0,00748
0,001 0,01051 0,001 -0,0102
0,002 0,01518 0,002 -0,01373
0,0035 0,0203 0,0035 -0,01735
0,005 0,02424 0,005 -0,02016
0,0065 0,02756 0,0065 -0,02252
0,008 0,03043 0,008 -0,02455
0,01 0,03375 0,01 -0,02688
0,0125 0,03729 0,0125 -0,02935
0,016 0,0414 0,016 -0,03225
0,02 0,04514 0,02 -0,03502
0,025 0,04873 0,025 -0,03794
0,035 0,05372 0,035 -0,04264
0,05 0,0592 0,05 -0,04806
0,065 0,06321 0,065 -0,05229
0,08 0,06636 0,08 -0,05576
0,1 0,06985 0,1 -0,05962
0,125 0,07347 0,125 -0,06358
0,15 0,07648 0,15 -0,06689
0,2 0,08115 0,2 -0,07194
0,25 0,08441 0,25 -0,07527
0,3 0,08649 0,3 -0,07713
0,35 0,08755 0,35 -0,07763
0,4 0,08764 0,4 -0,07672
0,45 0,08678 0,45 -0,07412
0,5 0,08495 0,5 -0,06934
0,55 0,08206 0,55 -0,06237
0,6 0,07789 0,6 -0,05386
0,65 0,07212 0,65 -0,04397
0,7 0,06458 0,7 -0,03316
0,75 0,05551 0,75 -0,02227
0,8 0,04523 0,8 -0,01221
0,85 0,03415 0,85 -0,00409
0,9 0,02269 0,9 0,00108
0,925 0,01696 0,925 0,00228
0,95 0,01129 0,95 0,00246
0,975 0,00577 0,975 0,00153
0,99 0,00258 0,99 0,00042
1 0,00055 1 -0,00055




X

0.0000012
0.000289%
0.0008870
0.0008R61
0.00L1758
G.00146A2
0.0017468
0.0020176
0.0022%988
D.0025701%
0.00238314
0.0042209
0.0056121
0.N069239
n.nNAlAGe
0.3N94795
0.0107530
0.0119867
0.0131194
0.0141918
0.0153049
n,N164386
0.01753L9%
B.N1A%341
0.,0104052
0.070225%
0.0211270
0.4223R32
0. H240550
0.,0255447
0.026527A
0.1274908
0.0276023
0.0276428
00279647
N.0ZA1700
n.028%818
0.N291330
002968602
0.0300455
2.0304510
00310492
3.0316879
G.0331276
0.0378375
0. 0425400
t.0472590
0.0519705
4.0566824
00613944
%.08661071
0.0TOR19S
0.0T64002
n.nAgA4es
n.nasanzg
n,NAAAOST
041926554
0.0967347
0.1028790
0.1000235
N.11746463
0,1225081
0,1298374
9.1371749
0.145161%
0.1%31492
N.1620297
0,1709)10%
0. 1757516
0.1830135
0,1902757
1.1956374
0.2001999)
0.20A3603
0.2117225
n.217547a
0.7235714
0.2293459
#.2352205
0.2417T11T
0,2482030
0.P545944
0.2611883
P.PRAIESH
02755442
0.2A27217
0.2099029
0.29777%2
0. INS64TS
0.3135200
9.3213925
N.I3004K7
0,3387010
n,3473554
0.3560094
0.%481414
0.374273s
0,383%5053
0.3925373
0.4018445
0.4111518
0,4204552

Coordinates from original publication AGARD-AR-138

UPPER PART

Z

- 00041862
+. 0052191
+. 0076749
+4 DEI5945
«. 9112217
+.0124337
40138934
++0150413
+.01/0878
+. 0170734
+.0179478
+ 0220523
+. 0754172
+.0palT22
+.0305312
+. 0324872
+,0346501
+.03535%4
+:0378449
++ 0391574
*. 0404096
+.0416008
+.04P693%%
+.N436137
+.N0443882
+.0450757
+.0457913
+2 04AT230
+. 0479651
IS TY-LLETY
+2 0493759
+40499059
+. 0499451
+.0459855
+.05015%513
+.0502615
+. 0504716
+. 0507471
+.0510052
+.0511908
+.0513850
+.0516694
+.051%702
+20526347
+. 0546577
+.0564729
+.0581064
+.059582%
+.0609237
+.08P150%
+.0632014
+. 0643330
++ 0654549
++0A6ITDA
+e 01358
+.DHTBSN?
+.0685253
+.0R921469
+.0702L50
+.0711645
+.0723954
+.073097%
+.0TA0738
. 0758018
+« 0 T59587
+. 0768671
+.07T8222
+.07TRT225
+.079]1914%
+.079865%9
+.0805103
+2DRD9454
+. DA14040
+.DR1A267
+.0822338
++ 0826623
+,0820729
+.0R34659
+.0838418
+.0842377
+.0A46135
+«.NR4GE9A
+«.0853068
+.0R5657T
+,NB59859
+.NAR291A
+.0865757
+.0R63622
+. 0871229
4 DATISA4
+. 0875690
+.0BT77?3
+,0BT7946]
+.0AR0910
+. 0882071
+.0AB2946
+.GAR3ISAS
+.08R3867
+.0883833
+.0AR34TS
+.08R27A%
+.0AR1T775

X

0.4297657
H4498604H1
D+ 44 TH429
N.4552R11
G, 46511917
fLATPRAT L
0.4R06030
0.42R34510
D.4950A70
0.5026310
D.5091750
N.5157191
0.5222632
0.5319297%
0.538331 3
N,54358R2
0.552%071
n,s&13725]
0.54RASTT
n,RT69A%1
0.RR22243
n,5089459%
N.5938567
0.5397541
0.56040016
D.AGa76491
N.%130A54
D, R1T62P1A
0+A255040
0,4328p03
0.5401197
. AeTATRS
0.A539319
0.ARDRTSA
G.hATREN]
N.hT&246T
0.AR11995
N.&RA1S4T
0.5951092
N T02NRES
0.70937%0
0.T166R57
0.TZ39965
047313074
0.7390044
n.7487015
0.7543987
0.7520959
0.7703087
0. T7AS214
0.TRET IS
B.7949477
0.4038922
4.A120369
0.8217R1%
0.8307263
V.R40AZ34
0,950%20T
0,8R04179
0.a7031%7
0.AR04T41
0,990633]
0,9007922
N.9137647
n,923923%
n.9340R27
0.94474]15
N,95RA1GT
N, 943RA15
H.94685437
0.9734054
0,3TR2BAN
5.9311300
n.937597]
0.932R54]
0,93771A1
7,9999057
1. na2n94>
1.0047R33
1.N0R/47273
1.0096k14
1.010R504
1.0139394
1.01522R4

TABLE 4.2 Co -ordinates of wercfoil NLR HT 7310810

F4

+ORAGA 34
+, 0ATRASY
+.0B769A2
+.NATHA0S
+.0872324
4 NRE4899
4077235
+.0RR42T
+.NAK11TL
+.0AS/INT
+. 0055250
+.0AE2024
+.0R4AH/01
+.NRES] IR
+. 039359
+,0R3AN20
+0P30195
+4DRAPAITH
«,0R]4592
+.0R127113
+2NRDTSST
+ NANZLTY
+.074732]
+407222AR7
+.0TATTOA
+.07H2972
+4077A517
+a 07724
+.07R5152
4+ 1TR545R
+.NTATTAA
+. 0739003
+.0730023
+. 0720459
+.0711314
+ 701456
+, 0451019
+,0RA0ZAT
+.0669196
+.0&57R2T
+. 0645558
+ NEAZ2STI
+.0620087
+NENGERIZ
+40592694
+,08T819]
+,0563394
+., 0548323
+.053195]
+.05)5298
+.04981372
+.04R1221
+.0462276
+o 0443086
+. 0423578
+, 0404064
++03IR21 T4
+.0380100
+133TARD
+.0315545
+.N2492535
+.0P634TS
+,024635%%
+, 0216967
+.N193994
+, 0171138
+4N14R440
+.0116237
+aD105A18
+.0NG5047F
+.00R4R1N
+. 0074251
+.00R&D0S
+.0053944
+,008390]
+. 005069
+a NB29H95
+. 0076354
+. 0021046
+.0016772
+.0012530
+.00NARI2N
+. 000G ] 4o
«. 000000
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X

Q.0000u02
VaDI0L395
we0OD&TAT
V.0007164
Ye00094]1
YeOU1L790
DeDUla0S4
ve0uleSls
U.0017744
v.00189%
V.0021035
V0024397
us0n31756
0,0039110
Us00ub]153
U D052740
Q. 005930
0.0065246
U, QUT 3932
u,CU0HZ j4d
U 0091047
U Q099563
V. 0l0A214
U gLl fPag
vaDleToe}
00534978
Ua0)Sus3l
D.91l70910
0,0L79506
v, 0leslol
U, 0l9?TLs
0,0207325
VeD21%J76
0.0231427
UL 0265094
UL 0259567
Ua026AIT
D.02%0162
v.03233135
V.D3ILE07I
4.03584810
0.03T65u6
Da039424]
UL 0423271
Da 0492260
Ve0uB]2uT
020510232
C.056938]
Ve 0020525
G 06796067
Q.073080>
V0773059
V.08]33)2
V0451564
U.08%181n
V,09293%9
De 09866902
U, 1004565
Del0u2laT
Vel0Td%]5
0.1115683
Uel152451
0.118%218
0.1264630
Uql340040
U.1417023
U.149400%
U, 1581394
U.)6648782
U 1756167
U, 1843551
018495240
019406928
Ue1994615
Da.2020302
0. 2110362
Ve21 70428
0,2230491
0.2290252
U,2361154
0.2435754
0,25%08353
0.25B0952
G.267372%
0V.2766590%
02954284
V2952053
0.3053542
U.3155109
L,.3256035
0,3358153
U, 460392
Uadbbluid
0, 36638]2
Gy 3764950
U4 1866465
Ve IVNGTITY
Q. 406949)
VenlT1004
L.a272500
Vet dT40lu
Vatu75517

LOWER PART
z X

-.00041b62 [T STy )
=-.0056231 V. H6B8157
-.0076027 U, 4 P4LA06
=.004¥06430 U, 4856332
~0102206 Ua493397]
—e01121%Y 045001765
-.0121076 045067021
-.0129293 0,51334693
=+ 0133244 U.520229A
=.0137103 0.5274553
- 0144608 0.5351272
-.0151309 UL Sed] Pak
=a0169G40 V.5516579
-.0184354 U.5545499
- 019734 V.5634107
-, 0209290 G.5126834
-eU219720 4,5321558
= 0230063 0.5916280
= 02480599 C.6011052
=0291330 0.6105822
=.0261661 G.6197243
=2027]11492 9.6288662
=sGeR027 V6176225
=2 0269404 UebibI786
= 0298940 0e6550535
=L 03098170 U 5EIT263
-.0321617 U. 6127866
=40333205 L. 6818488
=.033924H 0.671593%
- 0365387 U.T01 3389
-,0351686 VaTL1lA449
- 0357755 0.7223508
=+ 03065060 v.72T928%
-.03720%3 U.T335062
= 03758be 0.7390839
-0 387130 V. T4s6816
-.0392137 Y.T506223
-+ 040537 U. 7965831
= 06k772] GuTH25439
- 0425158 0.7685048
-.0432701 0. 7702698
=, 0439711 0. 78292309
= 0kabd9] 9. 7ABA000
-. 0457204 0. 7955653
=2 04b7 304 0,8040480
- 0476930 0.8129308
=.04B60%d U,821013%
=+ 05021310 0,B294972
-.DSEP26 ! 0, BIG64GT
-.0531110 0,8497929
-, 0544013 0.8599413
-, 0552431 0.870090i
-, 0561467 U.B763318
-, 0565652 0.8864H812
=e0577313 0.8966310
= USdasase 0.9067813
-.0591412 0,9169321
-, 0998010 0.9270833
- 0604391 U.9372351
-.0610431 U.9473873
=u0elb2a? 0,9575401
=2 0621901 U 9676436
~+ 0627340 U.9T48111
=~ 0638078 0.9819296
=, 0baduld U.98B4890
=.0658428 0.9930485
0667471 0.9971651
= 0677937 0.9999096
=~ OLHT 354 L.0026541
=, 06961063 1. 0040264
=a0706393 10073270
=+ 0708995 1.0106277
=- 0713408 1.0143356
-.0717530 1.0152284
=. 0721634
-. 0726163
- QT I00S
=0T 3ub]b
-.0¥38200
—.07626T8 N.B.
= 0T4B437
- 07500484
- 0753420
- 0757257 a
= 0760804 A
- 0763072 design
- DT65065
- 0767950
- 07656 T4
- 070645

0770461
-.0770718
~.0770007
- 0T6AT2D
=, 0T66437
~. 07643340
-,076}1db
-, 0757362
-,0752827
= 0767544

0741469
= 0734558

redefined coordinate

F4

-.0725326
-.07171%6
=.0711708
=,0700287
=+ 08915k2
= 0883378
- 0675138
= Gbbb3sT
- 0656939
= 06660U5
=. 0635414
=0623191
=.0609413
= BE052 34
- 05903713
=, 0575037
=a055851%
~e 0541483
~e 05234934
-+ 0505882
-« 04HT9Y0
= 0469561
-y 045]16%4
-.0433266
- 041488y
-, 0396149
-, 0376348
«a0356373
=s 0330 159
=.0313082
=, 0289698
=:0266371
=+ 0254030
=, 0241734
-2 0229694
-.0217422
~s0204404n
=.0191558
=.017R9cu
=.0166404
-a015240%
=.0]138661
=.0125201
=s0112098
=.009606Y%
= 00806 7%
- 008591Y
=.005]8%8
- 3035971
= 0021220
-.Q00TT17
+. 00046490
+. 0011324
+.002126%
+. Q029712
++ 0036605
+. 0041 B8O
+4 0045505
v 004TRl]
+D04THES
+, 0045921
+a D0k 24db
+. 0038500
+4 0032994
+.0029450
+.0025307
+. 0021991
+.0018774
0015787
+.001423)
+.0010317
«, 0006148
0005129
+, 0000000

system for which

-0,194°

Ad-7
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Fig.4.5Noise level in

My

NLR pilot tunnel

measured in stream

Rea- 100
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Fig. 4.6 Reynolds number based on chord lenght as function of

Mach number
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Mach number ata,=.85°



NPL 9510

British National Physics Laboratory

Year 1983
Reference NASA TM-85663
t/c 0,11
Cl.design 056
Mdesign 0,75
if fixed:
Transition 0,04¢ upper surface
0,06¢ lower surface

/"/"”7 \

————————
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TABLE 1.-— AIRFOIL COORDINATES
Upper Surface

x/¢ z/c x/¢c

.0000 | —.00002 .4000

.0004 .00392 .4200

.00i6 .00760 .4400

0025 00942 .4600

.0050 01277 .4800

0100 .01670 .5000

.0150 01922 5200

.0200 02100 .5400

! .0250 02238 .5600
} .0300 02357 5800
i .0400 .02553 .6000
{ .0500 02722 .6200
t .0600 02871 .6400
.0700 .03007 .6600

| .0800 03129 .6800
\ .0900 03241 .7000
l .1000 03343 .7200
] .1200 03530 .7400
h .1400 03694 .7600
.1600 03839 .7800

, .1800 .03970 .8000
' .2000 04090 .8200
? .2200 04205 8400
.2400 04315 8600

.2600 04417 8800

.2800 04507 9005

.3000 04592 9200

.320C .04669 .0400

3400 04741 9600

.3600 04806 9800

04867 1 .0000

118




Lower Surface

x/c z/c
.0000 —.00002
.0004 —.00397
.0016 —-.00795
.0025 —.00976
.0050 —-.01353
.0100 ~.01846
.0150 -.02201
.0200 -.02498
0250 —-.02753
0300 | —.02984
.0400 -.03388
.0500 -.03738
.0600 -.04043
.0700 -.04310
.0800 —.04547
.0900 -.04753
.1000 —.04940
.1200 —-.05265
.1600 -.05759
.2000 -.06114
.2400 -.06340
.2800 —.06438
.3200 —.06408
.3607 —.06247
.4000 -.05962
4400 —-.05553
4800 -.05036
5200 —-.04428
5600 -.03762
.6000 -.03067
.6400 -.02373

TABLE I.— AIRFOIL COORDINATES - Concluded

x/c z/c
.6800 -.01705
.7199 -.01064
.7600 —-.00503
.8000 —-.00047
.8400 .00299
.8800 00475
.9200 .00485
.9600 .00322

1 .0000 .00002
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01

SC(2)-0012

x/c

0,002
0,005
0,01
0,02
0,03
0,04
0,05
0,06
0,08
0,1
0,12
0,14
0,16
0,18
0,2
0,22
0,24
0,26
0,28
0,3
0,32
0,34
0,36
0,38
0,4
0,42
0,44
0,46
0,48
0,5
0,52
0,54
0,56

0,6
0,62
0,64
0,66
0,68

0,7
0,72
0,74
0,76
0,78

0,8
0,82
0,84
0,86
0,88

0,9
0,92
0,94
0,96

0,983

NASA
Year 1987
Reference NASA TM-89102
t/c 0,12
Transition free

yJ/c
0
0,00912
0,01392
0,0186
0,02484
0,02916
0,0324
0,03504
0,03732
0,04119
0,04428
0,0468
0,04908
0,051
0,05268
0,05412
0,05532
0,0564
0,05736
0,05808
0,0588
0,05928
0,05964
0,05988
0,06
0,06
0,05988
0,05964
0,05928
0,0588
0,05808
0,05736
0,0564
0,0552
0,05388
0,05232
0,0504
0,04824
0,04584
0,04332
0,0408
0,03828
0,03576
0,03324
0,03072
0,0282
0,02568
0,02316
0,02064
0,01812
0,0156
0,01308
0,01056
0,00804
0,0051
0,003

171

x/c

0,002
0,005
0,01
0,02
0,03
0,04
0,05
0,06
0,08
0,1
0,12
0,14
0,16
0,18
0,2
0,22
0,24
0,26
0,28
0,3
0,32
0,34
0,36
0,38
0,4
0,42
0,44
0,46
0,48
0,5
0,52
0,54

0,58
0,6
0,62
0,64
0,66
0,68
0,7
0,72
0,74
0,76
0,78
0,8
0,82
0,84
0,86
0,88
0,9
0,92
0,94
0,96
0,98

UIUC Airfoil Data Site

yilc
0

-0,00912
-0,01392
-0,0186
-0,02484
-0,02916
-0,0324
-0,03504
-0,03732
-0,04119
-0,04428
-0,0468
-0,04908

-0,051
-0,05268
-0,05412
-0,05532
-0,0564
-0,05736
-0,05808
-0,0588
-0,05928
-0,05964
-0,05988

-0,06

-0,06
-0,05988
-0,05964
-0,05928
-0,0588
-0,05808
-0,05736
-0,0564
-0,0552
-0,05388
-0,05232
-0,0504
-0,04824
-0,04584
-0,04332
-0,0408
-0,03828
-0,03576
-0,03324
-0,03072
-0,0282
-0,02568
-0,02316
-0,02064
-0,01812
-0,0156
-0,01308
-0,01056
-0,00804
-0,00552

-0,003
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SC(2)-0710
(Supercritical Airfoil 33)

NASA
Year 1975
Reference NASATM X-72711
t/c 0,10
Cldesign 0,7
Maesign 0,78
Transition fixed at 0,28¢

0,1000

0,0500

0,0000

0,0f

00 0,1

00 0,1

00 0,2

00 02

00 0,3500 0,4000

00 05000 05

1]

00 0,6000 06500 O,

—
00 08

00 09

00 0,9500 1%,

-0,0500

-0,1000

00

x/c
0,0000
0,0020
0,0050
0,0100
0,0200
0,0300
0,0400
0,0500
0,0600
0,0700
0,0800
0,0900
0,1000
0,1100
0,1200
0,1300
0,1400
0,1500
0,1600
0,1700
0,1800
0,1900
0,2000
0,2100
0,2200
0,2300
0,2400
0,2500
0,2600
0,2700
0,2800
0,2900
0,3000

—=_

Sketch of T.E.at expanded scale

yJ/c
0,0000
0,0075
0,0116
0,0156
0,0206
0,0240
0,0267
0,0289
0,0308
0,0325
0,0340
0,0354
0,0367
0,0379
0,0389
0,0399
0,0408
0,0417
0,0425
0,0432
0,0439
0,0446
0,0452
0,0457
0,0462
0,0467
0,0472
0,0476
0,0480
0,0483
0,0486
0,0489
0,0491

177

yi/c
0,0000
-0,0075
-0,0116
-0,0156
-0,0203
-0,0235
-0,0262
-0,0284
-0,0303
-0,0320
-0,0335
-0,0349
-0,0362
-0,0374
-0,0385
-0,0395
-0,0405
-0,0414
-0,0422
-0,0430
-0,0437
-0,0444
-0,0450
-0,0456
-0,0462
-0,0467
-0,0472
-0,0476
-0,0480
-0,0484
-0,0487
-0,0490
-0,0493




0,3100
0,3200
0,3300
0,3400
0,3500
0,3600
0,3700
0,3800
0,3900
0,4000
0,4100
0,4200
0,4300
0,4400
0,4500
0,4600
0,4700
0,4800
0,4900
0,5000
0,5100
0,5200
0,5300
0,5400
0,5500
0,5600
0,5700
0,5800
0,5900
0,6000
0,6100
0,6200
0,6300
0,6400
0,6500
0,6600
0,6700
0,6800
0,6900
0,7000
0,7100
0,7200
0,7300
0,7400
0,7500
0,7600
0,7700
0,7800
0,7900
0,8000
0,8100
0,8200
0,8300
0,8400
0,8500
0,8600
0,8700
0,8800
0,8900
0,9000
0,9100
0,9200
0,9300
0,9400
0,9500
0,9600
0,9700
0,9800
0,9900
1,0000

0,0493
0,0495
0,0496
0,0497
0,0498
0,0499
0,0500
0,0500
0,0500
0,0500
0,0499
0,0498
0,0497
0,0496
0,0495
0,0493
0,0491

0,0489
0,0487
0,0484
0,0481

0,0478
0,0475
0,0472
0,0468
0,0464
0,0460
0,0456
0,0451

0,0446
0,0441

0,0436
0,0430
0,0424
0,0418
0,0412
0,0405
0,0398
0,0391

0,0383
0,0375
0,0367
0,0358
0,0349
0,0340
0,0330
0,0320
0,0309
0,0298
0,0287
0,0275
0,0262
0,0248
0,0234
0,0219
0,0204
0,0188
0,0171

0,0153
0,0135
0,0116
0,0096
0,0075
0,0054
0,0032
0,0008
-0,0017
-0,0044
-0,0074

178

-0,0495
-0,0497
-0,0499
-0,0500
-0,0501
-0,0502
-0,0502
-0,0502
-0,0502
-0,0501
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- ORIGINAL PAGE IS
_ OF POOR QUALITY

TABLE I.- SECTION COORDINATES FOR
14-PERCENT-THICK SUPERCRITICAL AIRFOIL
le = 63.5 em (25 in.); leading-edge radius = 0.030c]
1 r .;
x/ec (y/e), i (y/e)y x/c { (y/e), (y/e),
; 0.0 0.0 ; 0.0 240 | L0659 ~.0661
.002 .0108 I -.0108 .250 .0665 -. 0667
.005 0167 | -,0165 -260 0670 - | -.0672
010 | L0225 | -.0223 270 | L0675 | -.0677
.020 0297 | ~.0295 .280 <0679 -.0681
.030 L0346 | -.0343 .290 .0683 ~.0685 |
040 .0383 -.0361 .300 | .0686 -.0688
.050 LOl1k -.0411 .310 .0689 -.0691
.060 .okko -.0L438 .320 .0692 ~.0693
.070 .0L63 -. 061 .330 0694 ~.0695
.080 .Ou8L -.0b81 .340 0696 ~.0696
.090 .0502 -.0500 350 .0698 ~. 0697
.100 .0519 -.0517 360 0639 ~.0697
.110 0535 -.0533 370 .0700 ~.0697
- .120 0549 -. 0547 .380 0700 ~.0696
s 130 0562 -.0561 390 .0700 ~.0695
' 140 0574 ~.0574 400 .0700 ~.0693
i 150 .0585 -.0585 A10 .0699 ~.0691
.160 .0596 -. 0596 420 .0698 ~.0689
170 0606 -.0606 430 .0697 ~.0686
180 | L0615 -.0616 A4 | L0696 ~.0682
.190 0624 -.0625 450 . 069k -.0678 :
.200 0632 -.0633 460 .0692 -.0673
.210 0640 ~.06k1 470 .0689 -.0667
) -220 0647 ~. 0648 480 . 0686 -. 0661
.230 | .0653 -. 0655 k90 | .0683 | -.065M

L
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CURICWNAL P2E IS
‘ OF POLR QUALITY
TABLE I.- SECTION COORDINATES FOR

14-PERCENT-THICK SUPERCRITICAL AIRFOIL - Concluded

x/c (y/e), (y/c), x/c (y/e), (y/e);
500 .0680 -. 0646 .760 .OlsT -.0173
.510 .0676 -.0637 770 LOkk2 -.0152
.520 .0672 -.0627 .780 .0lu26 -.0132
530 .0668 -.0616 790 .0kQg -.0113
540 +0663 -.060L .800 .0392 -.0095
550 .0658 -.0591 810 037k -.0079
560 | .0652 -.0577 | .820 .0356 -. 006k
570 . 06L6 -.0562 | .830 .0337 -.0050
.580 0640 -.0546 | .8ko .0317 -.0038
590 | .063k -.0529 | .850 | .0297 -.0028
.600 0627 -.0511 .860 .0276 -.0020
.610 .0620 -.0493 | .870 .0255 -.0014
.620 .0613 -.0uTh .880 .0233 -.0010
.630 .0605 -. 045k .890 .0210 -.0008
640 .0596 -.0L3h .900 .0186 -.0008
.650 .0587 -.0413 .910 0162 -.0011
.660 0578 -.0392 920 0137 -.0016
670 .0568 -.0371 .930 .0111 -.002k
.680 .0558 -.0349 .940 0084 -.0035
.690 0547 -.0327 .950 0057 -.0049
.T00 0536 -.0305 960 .0029 -.0066
.T10 .0524 -.0283 970 {0.0 -.0086 !
.T20 0512 . | -.0261 .980 |~-,0030 -.0109
730 0499 -.0239 990 |-.0062 -.0136
.Th0 0486 -.0217 1.000 |==e——e -.0165
750 +0LT2 -.0195

- !

198



SC(2)-0714

High Mach Numbers
(M=0,5to M=0,78)
- NASA TM X-72712 -

199


Daniel Schiktanz
Schreibmaschine
- NASA TM X-72712 -


————

wsny oty VAT T

ORIGINAL ¥
OF PODR" (‘UA‘ I'I‘Y

-08
-.l2
cm G —-O—1—( )
-.16
-.20 4
Vet
f/ 3
v
/’ ?
/’
/C/ | adeg
L/
/ - i
/ -1
A
-2
016
012
Cd -
—or—¢
.008 - b .—-f-"‘C"
.004
’ -2 03 .4 .5 -6 -7 08 .9 lo '.l
Cn
(a M = 0.50.

Figure 7.- Force and moment characteristics of 14-percent-thick supercritical airfoll.

200



———,

"~

ORICINAL PAGE
OF ‘_OOR Q-J;\L‘I

E IS

Y

-.08 |
-.| 2
Cm Do~ TO—1T=0+—C AF/O
<16
-.20
L/
/o’
i
/W
>
,U
/)
G
0le
r ,2 J
C
.CO8 - o
)04
2 4 5 .6 7 8 .9 10 Il
k IO,
(b) M = 0. 60,

Figure 7. - Continued.

201

ny



R—

—

ORIGINAL PAGE IS
OF POOR QUALITY

A
-.08
- |2
Cm :
g o e S - ——10
’ —0
-.20 4
/(':7
/ 3
//
ﬁ/// 2
A//
Fad
bF | a,di
P
/“/ "
_
'/}J
- - |
-2
020
016 / -
- -
€q.012 .
>__-l
) L~
. ‘008 @, C b——‘“"'od
i M e R TN A o L L2
N N

(d) M = 0.70.
Figur@® 72- Continued.



ORIGINA!

: OF POOR ¢
=4

-.08 I

- 12
c —t-O

m - +—CH M
- 16
-.20
O
/
L/
' J
.//U
/6//U
©

016

012 /,//
i e canyil

.008
004 |

.2 .6 7 .8 9 1.0 1.l
Cn
e
R (c) M = (,65.

Figure 7,- Continued.
203

| adeg



ORIGINAL

OF POOR QU

Cn
(e) M = 0,72,
Figure 7.- Continued.
204

L \
-.08 i i
-.12
- 16 S — y — o o b\o.
-.20 s

v
/'/
1
e
4.//
Vad
AV
//
/
.028
D24
Y
.020 /
Ole -
-
L
, || Ao+ —to
00 - —
D04 =
, QRS S .6 il .8 1.0 Il .2

«deg



-

: ORIGINAL PACE 1S
ool  OF POOR QUALITY
-.08 -
-.I 2
m
-~ '6 B—
—~]
-.20
3
/
2
= \
/ -4
0
.y
.22
(V)
020 -2
T
016 //
Cd 012 ]
]
.008 - -
.004
Vel € J .9 0 L
n
L
(M= 0.73.

Figure 7. - Continued.

205



Cq

ORIGINAL PAGE

>
-

>
08 - OF POCR QUALNY
’ -3
-2
-.16 2
"\c
P
-.20 P
3
T i 2
e
/#‘7/ ) |
/PS/ a,deg
< 0
.0z4 "
L~
° T
.020 / 2
-
.06 /
012 b1
.008 — = o ok
004
00.2 .3 5 .6 . 9 0o I
Ch
AP L ]
lg) M =074,

Figure 7.- Continued.

206



s —

ORIGINAL P

y

OF pPoOOR Q'
-.08 l
- 12 —
Cm
-ols Q Ot =
; 1O |
—~0O)
-.20 ot
.
?
,G/ 2
|
e 4
— adeq
028 , e 0
/
- P
.024 - |
/
.020 /" -2
3
d4.0l6 3
7
012 /
5
el e > =
008 -
=
004 L |
S 6 ol .8 9 1.0 Il
)
(h M = 0.75,

Figure 7. - Conlinued.

207



e e P

--08 l T
|
-2
Cm
- o| 6 >
’\0-»\4&"\
'\c\; (l
-.20
3
).‘J 2
e
> |
= a,deg
.028 0
v g
024 W 7P |
.020 ")
Cq -016
012 <
//O
4O
008 |
0004 e
2 4 .6 .7 .8 .9 1.0 Il
Ch
L _
(M =076

Figure 7.- Continued.
208

i S s e v



ORIGINAL | A *;
OF POOR QUAL
+ul
-.08
-2
Cm &
-1 6 o= 1~~0’\‘
o+—o
-.20
2
/ﬁ |
A//
| A7
1~
o 0O a,deg
-1
’/’/
L] 2
.020 -l
.0le
% .012 —
Vo o
.008 -
004
.2 o3 4 5 .6 g 8 9 1.0 I
“n
| ) m = 0.77. . Ve

Figure 7.- Continued.



ORIGINAL !

_—a—

020 r

Ole

~N.

¢q.012|

.008

.004

Cn

(k) M = 0.78,

Figure 7.- Concluded.

i
1
3
¥

-




o 3
OF POOR Y
MRS
L0i6

t/c,percent
| 10
Ol4 14

ol2

Cd

.010

!
008 F—=

.006

016

014

012

Cd

010

008F—=

.006
.54 .58 62

66 .70 74 78 82
M for 10 - percent-thick airfoil

.58 .62 66 70

.74 .78
M for |14-percent-thick airfoil

(@ ¢, = 0.30 and 0.40.

Figure 8.- Variation of measured section drag coefficient with Mach number of 14- and 10-percent
thick supercritical airfoils,

e

o



016

t/c, percent

st . |0)
Rk g [ )

0l14

012 !
l

k .010 : ’,]

008 =—t—1 ~t

006

016

0l4

Ol2
Cd
010

v
\_‘..

V

.008 e gl /

c,=0.55
006
54 .58 62 66 70 74 78 82
M for 10- percent-thick airfoil

S50 .54 .58 .62 .66 .70 .74 .78
M for 14 -percent-thick arfoil

(b) ¢ = 0.50 and 0, 55.

Figure 8.- Continued.

R | 2 12



ORIC!|

OF po +
LITY
Ol6 — —
t/c, percent
0l4 ) :2 _ [
l
Cd
010 /,
— ——_-—_-—--—-..-\ o = 5 ‘,
.008 //
-
=0.60
006 ‘n
|
0l4 ,1
1
]
|
012
Cd :
010 7
:""""_—— \‘\///
008 P~ 7
e WP
006 ¢,=0.65
754 58 62 66 .70 74 78 .82
M for 10-percent-thick airfoil
14 .78

.50

.58 62 .66 .70

54
M for |4 - percent-thick airfoil

(c) ¢, = 0.60 and 0.65.
Figure 8.- Continued.




ORIGINAL PAGCE 15 L

2 OF PC
-
0leé
t/c percent
10
014 i e Y
012 [
Cd I
010 ,l
——________’_——_-—--__—\\ //
008 e
=0,70
006 “n
.0le
0l4
0l2
Cd
- I /
.._.P__,_4_-4—“ \'\\
) '/
008 i
¢,=0.75
.006

54 58 .62 66 .70 .74 78 .82
M for 10-percent-thick airfoil

S0 .54 .58 62 66 .70 74 78
M for |4 - percent-thick airfoil

(d) ¢, = 0.70 and 0.75.
Figure 8.- Continued.

R R T IR ———————



-

: ORIGINAL PAGE 18
‘ OF P
016 —
t/c, percent ,'
=0 !
I
/'I
012 :
/
cd s X
010 F—t= -] _\_\\\ - //a
P ‘W/
008
¢, =0.80
006
i
016 i '
I
I
014 .
I
R y
012 1y %
Cq - P G T
. __/’/"’ '\\\
010 p—=t=—=1= Py
008
¢n=0.85
.006

.54 .58 .62 66 .70 74 .78 .82
M for 10- percent-thick airfoil

.50 54 .58 .62 .66 .70 74 .78
M for 14-percent-thick airfoil

(e) ¢, = 0.80 and 0.85.
Figure 8.- Concluded.

2l

P




Acys

002

004

.002

.004

.002

006

004

002

Figure 9. - Drag increment due to shock-wave losses of 14-percent-thick supercritical airfoil,

216

ORIGINAL PACE IS
OF POOR ¢
. ’
M=0.65
Y
- /F /?
V s 5
/ —e
M=0.70
9/‘
/
y
y
A
4/
M=0.72 54T
F
/7
P
4
A
M=0.73 | o
f)
7
M=0.74 ——
.3 6 7 8 .9 o 1l 1.2
Cn




ORIGINAL PAGE 13 |
OF POOR QUALITY |

004
/
.002 Vi

M=0.75

004
1

.002

M=0.76 et

004 o

002
M=0.77 4 |

.004

.002




SC(2)-0714

Low Mach Numbers
(M =0,1toM=0,32)
- NASA TM-81912 -



OF POOR QUALITY

OQRIGINAL PAGE 8

‘pPax1J uorlTSURIZ .oop x 0°9 =19
{gd7387I930RILYD UOTIDIS UO IBQUNU YDEeW JO 30833F -8l 2InbTa

bap ‘p
ce 02 8l g1 hi 2l of 8 9 h e 0 c- h- 9- 8- 01I-

b e——d

-'-_- LAAAR LARAS LAAE ARG AAREAAREALRASAEALASE RARSARARLE ARRASARELELASARLRAALS RS ARRESAREANRAALEARRAL LR RAAARRARGRL AARLA RARRAI A S AARA LAALRS L LAAL BAAAR ARAA) DO. nl

3 ]

X

3 .
GL

-

s m

- ]
05" -

F ]

T .
G2 -
=

o 1

- 4

- -

X ]

s +0

b ]

‘ ]

‘ ]

G2-
=

s >

X b

s ]

F ]
0S*

-

-

d :

- YT

5 T=

o -4

- -

. 300°1

A

Trre

&
Tl 4 0z’

1N
A 1 01°0

Ad

bdd L

TYr v

Al

TTYTY

oo ad
B

s 4
. go°e
L -
N E ]
L 4
F tc2 e
« TS
L 4
9
.
Adddddiddldsdd i dr i isddaddil)l UVl SUBPUEUOUNIUTUEDUNERY LAbA Al bl bEF»P ISP FUNSUIVIVENVEVIFERNTE SRR TY PV AlL PO TUPUEINUED FUTTONEETY N TUE Om m

219

90



spanuy3zuo) -°giL 2InbrJg
bap‘p

02 8l 91 hi 2l C1 8 9 h c 0 c- h- 9- 8- 0i-

LASRS LAS LAALA RARAS u-q—qi<q 288222825 ARARSARRAS RARSERAARAAARAZARARS AARASRARAAARAAAARARE LEARE ARERY ARAAS ARAAS AAALRS LAARE ARAS AL A Lasss LAASA LAREE ALAS Dmma.l

T

2 4

002" -

mgm——

LoR S5 B SN A B

-

TTrrr

OF POOR QUALITY

Ty rr

ORIGINAL PAGE i

\
:

1 7
MW\M i
o, - 8"

st 02’

TvrT v

sl
0170

o000 qd

hed ot AL 1 2 A )

LI

Akl d

4 0

Tr Y

Ad A )

1 {

.
Addd YA T T PPV VT VTV PUVE FUTTY FTUTS PTPL PSUTL ICTUT ISRV T FUTTI FUSTU PUTVE PRUTI USRS SUUYE FRVET SUran FURUN VEUNE RWAES 2o 2o s s o o FYUTE TUTWL mmo

9

220



g2

ORIGINAL Pagy ;2
OF . i3
POOR QuaLITY

AARE RARRAE ARAS TYIrIrrrry vy YTy erTe

Yrrryprrey

TYTYyvrrry

TrrJrrry

T

LARS RAR

: ]
- é J
s 0O j
L S 1
t _ i
; q— | ———<- F—-J—q — 1
g —4 1
E Ageee—14 \\NEK 3

]

hnd

™7 =Y

e

TvrT

A

P

R S

o 4
- -4
- -
b E
—

r 4
s J
- 4

LONE 2R S

2.0

1.5

1

.0

O N O oy
E —_— - N NN 1

! c T ]
[ ]
F E

c0o a4 *
! ]
L
L ‘ g
-l] NS FEEE Jlll'lxll U WY IEETY SWwes Al b bbbk . il A il ) bl b llll!lLlj Aol b i
o N o i o V9] Q 'y o o n o un o ]
O~ & O @ W WL o X MM = =D
(o= B o o o o o o o ) o o o o o

S

221

-1

Figure 18.~ Continued.



. o gt
Ugnintivg oo

CF POOR

i

L
QUALITY.

B

TITTYTYT

\ARSALARAS

AR EAASS

reY

2.0

L

[ N

¢ +d— )

[ 2z k\"d

| AT RG
i N

.5

LA Shn g o

\
i N -
t \‘3
f

T

T=Tr=Tr="7

=TT

™Y

Addd

IYNRE FUSTI

JUSES FNUEI

Adddbiddd

Alaalbasaatigd

Addbd

FeTRY FUYYY

140

120

100

Aadibades aiad
0

60

Ud

40

20

222

S
v

=)
T

-1

L igure 18.- Concluded.

93



SC(3)-0712(B)

NASA

Year 1985
Reference NASA TM-86371
t/c 0,12
Ci,design 0,7
Transition fixed at 0,05¢

0,1000

0,0500

\

0,0000
0,0f

500 0,1

00 0,1

500 0,2

000 0,2

00 0,3p00 03500 0,4D00 0,4500 0,5p00 0,5500 0,6000

500 0,7

00 o

00 0,9

00 0,9

-0,0500

-0,1000

P00
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TABLE II. DESIGN AND MEASURED AIRFOIL COORDINATES

Upper surface

z/c zdesign/c Zmeas/¢
0.002 0.0092 0.0074
.005 0141 .0131
.010 .0190 .0181
.020 0252 .0247
.030 .0294 0291
.040 .0327 .0325
.050 .0354 .0352
.070 .0397 .0397
.080 0415 .0415
.100 .0446 .0445
.120 .0471 .0471
.150 .0504 .0504
.180 .0530 .0529
.200 .0544 .0544
.220 .0557 .0556
.250 0572 0572
.280 .0584 .0584
.300 .0590 .0589
.330 .0596 .0596
.350 .0599 .0599
.370 .0601 .0600
.400 .0601 .0601
.420 .0600 .0600
.450 .0596 .0596
.480 .0590 .0589
.500 .0584 .0583
.530 .0573 .0572
550 .0564 .0563
.580 .0549 .0548
.600 0537 .0536
.630 .0516 0515
.650 .0500 .0499
670 .0482 .0481
.700 .0451 .0450
.730 .0416 .0415
750 .0390 .0389
770 0362 .0360
.800 .0316 .0315
.830 .0266 .0264
.850 .0230 .0228
.870 .0192 .0190
.900 .0131 .0129
.920 .0088 .0086
.940 .0042 .0040
.950 .0018 .0016
.960 —.0007 —.0009
.970 —.0033 —.0035
.980 —.0060 —.0062
.990 —.0088 —.0090
1.000 —.0117 —.0118

224"

Lower surface

:z:/c zdesign/c zmeaé/c
0.002 —0.0051 —.0039
.005 —.0081 —.0077
.010 —.0116 —.0113
.020 —.0165 —.0162
030 —.0204 —.0202
.040 —.0238 —.0235
.050 —.0266 —.0264
070 —.0316 —.0314
.080 —.0338 —.0336
.100 —.0377 —.0375
120 —.0412 —.0410
.150 —.0458 —.0456
.180 —.0498 —.0496
.200 —.0521 —.0520
230 —.0550 —.0549
.250 —.0566 —.0565
.280 —.0585 —.0584
.300 —.0595 —.0594
.330 —.0605 —.0604
.350 —.0609 —.0608
.380 —.0610 —.0609
.400 —.0608 —.0607
430 —.0600 —.0599
.450 —.0591 —.0591
.480 —.0573 —.0572
.500 —.0558 —.0557
.630 —.0530 —.0529
550 —.0509 —.0508
.580 —.0472 —.0471
.600 —.0446 —.0445
.620 -.0419 —.0418
.650 —.0376 —.0375
.680 —.0331 —.0329
.700 —.0299 —.0298
.720 —.0267 —.0266
750 —.0221 —.0220
770 —.0191 —-.0190
.800 —.0149 —.0147
.820 —.0123 —-.0121
.850 —.0088 —.0086
.880 —.0059 —.0057
900 —.0049 —.0046
930 —.0055 —.0051
.950 —.0074 —.0069
960 —.0088 —.0082
970 —.0105 —.0099
.980 —.0126 —.0120
.990 —.0150 —.0143
1.000 -.0177

—.0167
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Versuchsanstalt fiir Luft- und Raumfahrt e.V. (DFVLR)

SKF 1.1

Year 1979
Reference AGARD-AR-138
t/c 0,1207
Cl.design 09532
Mdesign 05769
if fixed:
Transition 0,3c upper surface
0,25¢ lower surface
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A5-8

[rable 5.1 Design coordinates for the airfoil SKF 1.1

Basic airfeil - Upper surface

Note: For actual model coerdinates see Table 5. 2

No X (mm) z {mm} No. -x {mm) z (mm)
1 0. 000 0.179 91 115. 022 12,994
2 6. 001 0. 348 92 116.738  12.899
3 0.0il 0., 517 93 118. 453 12,794
4 0. 028 0, 685 94 120,168  12.681
3 0. 053 0. 852 95  121.BB1 12,558
6 0. 094 1. 051 96  123.595 12, 427
7 0,145 1.247 97 125.307 12,387
8 0,207 1.440 98 127.019 12,138
9 0.279 1.630 99 129.021 11,954
10 0. 361 1.815 100 131.022 11, 759
11 G. 452 1,995 101 133. 022 11, 553
12 0.553 2,171 102 135, 021 1k, 337
13 0.693 2, 388 103 137. 019 13,112
14 0. 845 2.593 104 13%. 018 10, 877
15 1.009 2. 791 105 141,019 10,633
16 1.182 2. 981 106 143. 020  10.378
17 1. 364 3.164 107 145.020 10,115
18 1.553 3.339 108 147,019 9. 642
;g ; g:g g-g;g 109 149.016  5.560
ot y osg P 110 151.013 9, 268
2z P 4 450 111 153.016  B.966
: - 112 155,017  8.693
23 3.553 4.768 113 157.018  B.332
24 4. 046 5.063 114 159.017 8.001
25 4.546 5.346 115 161.014  7.662
26 5.052 5.618 116  163.010  7.314
27 5.545 5,868 117 165,412 6,886
28 6.043 6.108 118 187.813 6,447
29 6.545 6.341 118 170.212  5.899
30 7,052 6. 564 120 172.610 5. 543
31 7,670 6,823 121 175.006 5. 081
32 8 293 7,073 122 179,508 4,198
33 8,920 7.311 123 184.004  3.304
34 9,551 7.539 124 190. 002 2.102
35 19.243 7.7 12%  195.501 0,989
36 10.940 8. 003 126 200,000  0.071
37 11.640 8,217
38 12,344 8,421
319 13.050 8.615
2o 5% | Lower surface
42 15,742 9.276
43 16.644  9.473 1 200.000 - 0.945
44 17.549 9660 2 197751 - 0.847
45  18.645 9,874 3 195501 - 0. 762
4 193,668 - 0.703
46 19.742 10. 076 5 191,838 - .658
47 20 842 10,266 &  1990.003 - 0.620
48 21.944 10, 466 7 188.503 - 0.600
19 23.048  10.616 g 187.003 - 0.589
50 24.377  10.810 g 185503 - 0. 587
51 25.708  10.993 10 184,004 - 0,595
52 27. 041 11.16% 11 182.718 - o, 600
53 28.375 11,328 12 181.432 - p.531
54 29.710 11,482 13 180.146 - 0,661
55 31.045 11.628 14 178. 861 - 0, 699
56 32,756  11.804 15 177.576 - 0.745
57 34. 468 11, 967 186 176. 281 - 0,800
58 36.181 12,119 17 175. 006 - 0, B64
59 37.8685 12,261 18 173. 504 -0, 949
60 319.610 12,394 i1g 172.003 - 1,046
61 41.325 12,517 20 170, 502 - 1,155
62 43.041 12,632 21  169.002 - 1.273
63 45 040 12,756 22 167503 - 1,402
54 47,039 12,870 23 166. 005 - 1.5639
65 49 038 12975 24 164,507 - 1.883
66 51. 038 13.071 25 163, 010 - 1.835
67 53. 038 13.159 28 LBO. 608 - 2.090
58 595,039  13.239
69 57.438  13.325 gg }22;333 . : 332
70 59,837  13.402 29 153 410 -2 916
71 62,236  13.469 20 151,013 .3 205
72 64.635 13.526 31 145 0l4 -3 944
73 67,035 13.575 32 139 0l6 - 4 698
74 70,038 13624 M o0 yr7g19 L goz20
75 73.034 13,660 | 40 9. 0ny -6 se8
76 16,033 13.683 || 4o 155703 - 6971
77 79033 13.895 |} 40 457 g0 - 7.336
74 82.032  13.8%6 || 40 455 gog - 7.688
79 85. 031 13, 687 a8 113,025 -7 915
80 88.030  13.669 f 39 111027 -8 134
81 81.029 13,642 40 109. 028 - 8.345
82 94,028 13.608 41 107. 028 _ 8.548
83 97.027  13.564 |} 43 105,027 - 8.743
84 100. 026 13,510 41 103025 - 8,925
85 103.025 13.444 || 44 101 028 -9.105
86 105.026 13. 392 45 99. 029 . 9. 272
87 107,026 13.331 || 44 37. 030 _g.430
BB 109.026  13.262 || 44 95. 031 - 9,578
89 111.025 13.184 | 45 93 030 - 9. 716
90 113.02¢ 13.095 || 44 91 029 -9 844
50 89, 031 - 9.962
51 87.032 - 10.070
52 85.033 - 10167

No X (mm) z (mm)
53 83.033 - 10,254
54 81. 032 - 10,331
55 79.033 - 10,396
56 77.319 - 10.444
57 75.605 - 10. 484
58 73, 892 - 10, 515
59 72.178 - 10. 538
60 70. 464 - 10. 552
61 68.749 - 16,558
62 67. 035 - 10.554
53 65.321 - 10,542
54 63.607 - 10.521
§5 61.893 - 10. 492
66 60.179 - 10.453
67 58. 465 - 10, 407
68 56,752 - 10.351
89 55.039 - 10.288
70 53.038 - 10,208
71 51.038 - 10,111
72 49.038 - 10,007
73 47.039 - 9,894
74 45. 040 -9,771
75 43.041 - 9.638
76 41.325 - 8.518
77 3g.610 - 9.388
78 37.895 - 9,248
78 36.181 - 9.097
80 34,468 - 8.938
81 32.756 ~ 8. 767
B2 31.045 - B. 588
a3 29. 444 - 8,407
84 27. 843 - 8.219
85 26.244 - 8.023
86 24.645 -7.818
a7 23.048 - 7.606
88 21.871 - 7.417
&9 20,296 - 7.220
90 18, 922 - 7.015
21 17. 549 - 6. 801
92 16. 047 - 6,554
93 14, 548 - 6,285
94 13, 050 - 6,023
95 12,173 - 5.855
96 11,297 - 5,681
97 10,423 - 5,499
98 9.550 - 5,307
9% 8,714 - 5.110
100 7.881 « 4.800
101 T.052 -~ 4,676
102 6.381 - 4,481
103 5.714 -4.275
104 5.052 - 4.056
105 4. 549 - 3.87%
106 4.049 - 3.893
107 3,553 - 3.498
108 3.050 - 3.286
109 2.553 - 3,060
110 2,296 - 2,933
111 2.043 - 2,800
112 1.795 - 2,856
113 1,553 - 2,502
114 1 364 - 2,387
115 1.181 - 2,223
118 1.008 - 2,069
117 0.844 -1.905
118 0.692 -1.731
119 0.553 -1.548
120 0. 461 - 1.408
121 0. 376 - 1.264
122 0. 300 -1.118
123 0. 232 - 0564
124 0.173 - 0.808
125 0.122 - 0.649
t26 0. 081 - 0.487
127 0. 048 - 0.322
128 0. 023 - 0.156
129 0. 007 0.011
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Table 5.6 DFVLR 1x1 Meter tests, Aerodynamic coefficientsl)
Bun Mm qgo He 107 oL e °n Transition Configuration
60 | 0.760 | 2.5 2,31 0.5687 | -0.0935 | 0.0106 Free Basic airfoil
83 0,760 | 5.0 2,31 0. 8044 -0.0971 0. 0236 Free 3
A4 0D.760 | 2.5 2,33 ¢. 5605 -0, DB&R 0.0121 220%, 30/25L
&7 0, 760 .0 2.33 9. 7803 -0. 0895 0.0316 220K, 30{'25L
157 | 0.760 | 2.5 3.61 0.5772 | -0.0922 | o 0121 Free
160D 0.760 | 5.0 159 0. 7878 -0, 0986 | O, 0384 Free Bagic airfoil
234 0,70 0.0 2,82 0. 7605 -0.2599 0.0141 Free 54)
235 4,701 3.0 2,22 1. 1806 -0, 2552 9.01a3
236 | 0.700| 5.0 2,22 1.479% | -0.2667 | 0.0407
237 0.700}) 7.0 z, 22 1.4795 -0. 2408 0. 0033
240 0.760 | 0.0 2,32 0, 8085 -0, 2917 0,007
241 | 0.760| 3.0 2.31 1.2230 | -0.3150 | 0.0412
242 | 0,759} 5.0 2,41 1.3241 | -0.2930 | 0.0578
243 0.761 ] 7.0 2.31 1, 3811 -0.2741 0, 1088
3 0,500 | 3.0 2,01 1, 0543 -0,2333 0, 0138
228 | 0.650 | 3.0 2,12 .1154 | -0.2419 | 0.0150
230 0,650 | 6.0 2.12 1.4738 -0, 2211 0, 0362 Free 5
271 0,600 | 3.0 2.03 0.8430 | -0.15583 | 0, 0141 Free 4=}
277 | 0.650 | 8.0 2,13 | 0.8976 | -p 16315 | o 0149 |
278 | 0.650 | 6.0 2.12 | 1.2941 | -0.1560 | 0. 0321 Free 4 |
Table 5.7 ONERA S3MA tests. Aerodynamic coefficients’’
Run M « ° Re . l.l:l-ﬁ = c c Transeitien| Confliguration
a £ L m D
96 17 n. 703 2.07 7.4 1.1458 -0.2517 | D,0224 Free 52}
D.703 | 4.08 7.25 1.446 | -0.2604 ; 0,0401
o518 . 702 6. 023 T.28 1,461 02529 0,1079
9621 0. 760 z2.05 T.73 1. 206 -D. 3031 0. 0354
0, 761 4. .07 T.73 i.2563 -0.2728 | 0.0681
9600 D.499 | 2.06 5. b5 0,997 | -0.3286 | 00.0107
96i¢ | 0.600 | 2,06 6,61 1.038 | -0.2330 | 0.0122
9612 0.649 | 2,06 B.97 1,076 | -0.2442 | 0.0128
ag254l] 0. 702 2.11 7. 52 1.308 -0.31%8 0.0758
0,702 | 4.06 7.51 1.300 | -0.2880 | 0. 1404 Free 5
9572 0, 760 2,04 3.50 1, 6037 | -0.0965 0.0127 Free Bagic arifoil
93389 0, 760 2.10 7. 60 0. 6180 | -0.0835 0.0128
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Airbus TA11 Airfoil

(n=10,55)
Year 1992
t/c 0,111
e
//

x/c yo/C x/c yi/c
0,000000 0,000000 0,000000 0,000000
0,000967 0,005744 0,000967 -0,005606
0,003943 0,010954 0,003943 -0,010579
0,008856 0,015671 0,008856 -0,015030
0,015708 0,019992 0,015706 -0,019006
0,024472 0,023980 0,024472 -0,022574
0,035112 0,027670 0,035112 -0,025824
0,047586 0,031138 0,047586 -0,028792
0,061847 0,034391 0,061647 -0,031563
0,077836 0,037450 0,077836 -0,034182
0,095492 0,040313 0,095492 -0,036695
0,114743 0,043012 0,114743 -0,039101
0,135516 0,045539 0,135516 -0,041376
0,157726 0,047883 0,157726 -0,043504
0,181288 0,050025 0,181268 -0,045467
0,206107 0,051965 0,206107 -0,047235
0,232087 0,053692 0,232087 -0,048770
0,259123 0,055193 0,259123 -0,050038
0,287110 0,056463 0,287110 -0,051007
0,315938 0,057493 0,315938 -0,051639
0,345492 0,058279 0,345492 -0,051860
0,375655 0,058814 0,375655 -0,051567
0,383842 0,058912 0,406309 -0,050677
0,406309 0,059066 0,437333 -0,049135
0,437333 0,059089 0,468605 -0,046897
0,468605 0,058818 0,500000 -0,043962
0,500000 0,058267 0,531395 -0,040343
0,531395 0,057426 0,562667 -0,036056
0,562667 0,056291 0,593691 -0,031127
0,593691 0,054852 0,624345 -0,025692
0,624345 0,053045 0,654508 -0,020005
0,654508 0,050800 0,684062 -0,014414
0,684062 0,048115 0,712690 -0,009227
0,712890 0,045051 0,740877 -0,004658
0,740877 0,041687 0,767913 -0,000838
0,767913 0,038108 0,793893 0,002175
0,793893 0,034399 0,818712 0,004374
0,818712 0,030653 0,842274 0,005795
0,842274 0,026957 0,364484 0,006511
0,864464 0,023390 0,885257 0,006625
0,885257 0,020020 0,904508 0,006250
0,904508 0,016693 0,922164 0,005507
0,922164 0,014037 0,938153 0,004518
0,938153 0,011465 0,952414 0,003396
0,952414 0,009184 0,964888 0,002246
0,964868 0,007197 0,975528 0,001154
0,975528 0,005510 0,984292 0,000190
0,984292 0,004122 0,991144 -0,000596
0,991144 0,003038 0,996057 -0,001172
0,996057 0,002261 0,999013 -0,001521
0,999013 0,001794 1,000000 -0,001638
1,000000 0,001638
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