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| THE MISSION OF AGARD

_F g The mission of AGARD is to bring together the leading personalities of the NATO nations in the fields of science
’ ! and technology relating to aerospace for the following purposes:

~ Exchanging of scientific and technical information;

- Continuously stimulating advances in the acrospace sciences relevant to strengthening the common defence
posture,

- Improving the co-operation among member nations in acrospace research and development ;

~ Providing scientific and technical advice and assistance (o the North Atlantic Military Committee in the field
of serospace research and development;

B o

- Rendering scientific and technical assistance, as requested, to other NATO bodies and to member nations in
connection with research and development problems in the acrospace field .

- Providing amistance 1o member nations for the purpose of increasing their scientific and technical potential;

Recommending effective ways for the membes nations 10 use their research and development capabilities for
the common benefit of the NATO community.

The highest authonty within AGARD s the National Delegates Board consisting of ofTicially appointed senior
representatives (rom cach member nation. The mission of AGARD is carried out through the Panels which are
composed of experts appointed by the National Delegates, the Consultant and Exchange Programme and the Aerospace
Applications Studies Programme. The results of AGARD work are reported 10 the member nations and the NATO
Authorities through the AGARD series of publications of which this is one.

Participation in AGARD activities is by invitation only and is normally limited to citizens of the NATO nations.

The content of this publication has been reproduced
directly from material supplied by AGARD or the suthor.
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At its Fall 1977 meeting in Voss, Norway the AGARD Structures and Materials Panel

(SMP) formed a Working Group on “Standard Configurations for Aeroslastic Applications
of Transonic Unsteady Aerodynamics”. The members were:

S.R.Bland, United States (Coordinator)

F.O.Carta, United States

L.Chesta, ltaly

R.Det, France

H.Forching, Federal Republic of Germany (Deputy Chairman)
H.C.Garner, United Kingdom

W .Geissler, Federal Republic of Germany

1.1 Olsen, United States (Chairman)

1.) Philippe, France (Fluid Dynamics Panel Representative)

H Tiyydeman, Netherlands

J.C.Uselton, United States (Fluid Dynamics Panel Representative)

The aim of the Working Group was to sccelerate the development of new theoretical,
numerical and experimental techniques in transonic unsteady acrodynamics and their
application to seroelastic problems of aircraft loads, stability and flutter. The membens
from six nations obtained numerous suggestions {rom seroelasticians and serodynamicists
in their countries and worked diligently to mold the recommendations into 8 number which
was manageable. yet constituted a valid test of newly emerging capebilities. This report
constitutes their first product, a standard set of two dimensional airfoils and serodynamic
conditions.

It is the hope of the SMP that this effort will focus the pertinent research activities
of the NATO nations. conserve manpower, computer, wind tunnel, and flight test resources;
and stimulate further developments.

JAMES ) OLSEN
Chairman, Working Group on
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2

given ia tables 1 to 5. The other twe airfoils have asslytic defimiticas. Because of the semsitivity of
transonic calculations to airfoil slopes (and curveture for some methods), care should be taken to emsure
that isterpolations of the geomstric data are 48 smooth as possible. The use of low-order lesst-equare
polynomtials or epline functions 1is vecommended ia moet cases. Por deasely tabulated data, local fimite
difference forms may be satisfactory. Referesnce 2 gives a discwseion of the atrfoil description probles.
In amy case, explicit accouat should be taken of the square reot behavicr at the sirfoil mose. ihatever
airfoll description is actually wsed ia the serodynsmic smalyeis, it should be carefully documented so
that the calculations casm be duplicated by other amalysts.

In the
critical airfoils, the ovdinstes ave givea ia the coordinate syetem furnished by the designer
asttack 1s defined to be sere ia this eystem. Ia each case the sirfoil chord ¢
leagth in the geometric defiaitioms.

2.1 Pearabolic arc
The 6 parebolic arc airfoil of uatit chord is defined by the equation
s/c = ¥0.12(x/c) (1-x/c)

2.2 WACA 6AAD0G
The ordinates for the symmetric MACA 64AD06 airfoil are gi

vea 1a
of veference ) (p. 334) have besa sugnented by eight new ordinates in
points are tahes from reference 2. The nose radius is 0.00246c¢.

teble 1. The published ordinstes
the mose region. These additiomal

2.3 WACA sA010

The ordinates for the MSA Ames Research Center model of the WACA 64A010 airfoil are givea ia table 2.
This sodel airfoil has aa actual thickaess of sbout 10.6X.

1.4 WACA 0012
The MACA 0012 airfoil of wait chord is descrided (ref. 3, p. 113) by the equation
ale = 4 0.6(0.2969 /ATC - 0.126(w/e) - 0.3516(x/c)? + 0.2043(w/c)” - 0.2013 (/) ")
™he nose rediue s 0.0135887¢.
2.5 Wme-A)

The MBB-A) airfoll ordinates are givea in table ). The data for this 8.93-thick swpercritical airfoil
were furaiched by Nesserschaitt-Bdilkow-Blohe (MBS). Nise additional points in the mcee region have been
tehen from reference 2. The design conditions for this airfoil are Mach mumber of 0.765, sagle of sttack
of 1.3, and 1ift coefficient of 0.519. The mose radius 1is 0.0087¢c.

2.6 DO AL

The DO Al airfoil ordinates are givea in table 4. The data for this 11.83-thick swpercritical airfoil

were furanished by Dormier. The airfoil design is described in references & end 5. The desiga conditions

are Nach swsber of 0.76, sagle of attack of sero, snd 1ift coefficleat of 0.573. The soee rediws io
0.0115%¢.

1.7 W& 701

The ordinates for “Se LR 7301 sirfoll are givea in table 5. The data for this 16.33-thick super-
critical sirfeil wer ‘4ohed by the Nationsel Lucht-en Ruimteveartlsbor’ “oriws (MR). The airfoil
dosign doscrided . {erence 6. The design conditions are NMach mmber Y 0.721 and angle of attack
of <0.19 .

imiting the total mumber of cases. Neverthe [ 1]
cases givea ia the tables. 1a sddition, it is recommended that calculations of the wean steady flow
(h = 0) be made for esch of the wmeteady flov conditions anslysed. Published experimsatal dsts exist for
soms of the cases given; ia other cases, tests have receatly besa completed or planned;: sad 14 other

a(t) o, ¢a ola wt




whete each G 10 ia degrees and wt = 2kVt/c » k.
Por the plunge wode
h(t) = h, ola ue
Por the coatrol surface sode
8(c) -0.00.m-t

The retio of specif{ic heats Y eshould be 1.4 for air. In performing viecows flow calculetions, the
boundary layer tramsition poist should be specified. 1a some cases this informatios is svailable with
the published experimeatal dats.
3.1 Parabolic are

Analytical test cases for the 6% parsbolic arc airfoil are listed im table 6. Several Nach swmbers
are givea for &k « 0.2 asnd several frequeacies for M = 0.0. The Mach susbers iaclude the seanswbecnic
valuee N = 1.0 asad 1.1. The frequeacies cover & very larpe reage~-from k= 0.02 to k=35, Beth
pitching and plunging sodes of moticn sre included. In eddition to calculatioms for y = 1.4, calesla-~
tioms for Y = 1.14 (appropriste for Preca-12 ia the MASA Langley Trasscaic Dymamics Twmsel) ave of
tuterest for the pitchiag airfoil (cases 1-9).

Ome additional case for the parabolic arc airfoil is that of the thickeaing-thisaing airfeil of
veference 7. The airfoil imcresses from sero to 10X thickaess ia 13-chord lemgths of travel and thes
returns to sero thickases ia ssother 15-chord leagths of trewel.

report ia which so 11ft {s gemerated and ia which disturbances approach
The airfoil shape is given by

° t<o
wew { 0.2/e)0-w/e)(1-T°(10 - 15T+ 61T)] O<cv e
° T2 60
where T = |} - %l

and T = IWt/c
The Nach smmbetr 19 0.83.
3.2 WACA $AADOS

The analytical cases for the
airfeil with flap cecillating about sero ssen flap position and with sero amgle of attack. Prequeacy
varistion 18 included at five Mach susbere ia the "
at two Nech sumbers. Ruperimsatal resul
fized at n/c = 0.1 oa wpper and lower swrfaces.

3.3 WMACA &4A010

Amalytical test cases for the MASA Amse wodel of the MACA 64AD10 asirfoil ave listed ia teble 8.
The cases wvere selected from am estensive set of wnasuremsats recestly completed st

Research Center. Refetence % presents & summary of these tests
quarter-chord and the saan sngle of attack 1o seve. At N
ond Raywol?e mxebets ave givea.

3.4 WACA 0012
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The smalytical cases for the MACA 0012 airfeil are givea in table 9. The cases have boma
from free transition experisants subsequent te the prelimissry results reported ia
firet four cases ere for piteh escillation and, with helicopter iaterests ia siad, inclede the saly
cases for a symmetric airfoil with sissble ssen angles and escillation asplitedes
fs for ecscillation smplitede a.oo.htamuvn-o! c.-..a-’hnd-ll

-ummll.
Cases & to § represest transicat sagle-of-stteck changee ot ssnisally cemstemt piteh retes o'
and are the only tramsient casee ia the tables ia this repert. 1la the experimsute the fsstrumsetstiss

coamot provide comstant a' during the iaitial greweh, and the msesured tims-dependsat angles of
sttack sre represeanted sppreximstely by
Case 6 (1) = 0.0004828 t3(72-t) 0 <t <20
Case 7  alt) = 0.0000023 t3(378-t) O < ¢ < 193.)
Case §  a(t) = 0.0000519 t3(130-1) O <t <42,

The wper linits of t correspond to the wper linits of G oend the final pitch rates o' = da/dt
giwe ia table 9.

3.9 W-A)
The snalytical cases for the MBB-AJ swpercritical sirfeil are listed ia table 0. The casee

L 4
t
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4
selected represeat variations in M aad o ebout the destga poiat ™ =0.765, a = 1.5°). Both pitch

and plunge examples are included. Ia addition, frequency is waried wp to k = 0.9 and, a8 for the
parabolic arc, Mach mumbevre 0.9, 1.0, and 1.1 ave included as & challenge to theoreticiams. Riuperi-
meatal results ave givea ia refereace 10.

3.6 DO Al
Asalytical cases for the DO Al supercritical dr‘ou are .tn:.‘u table 11. Pictching ocscillations
oc

brmnwmrmml-pﬂntG-O.N.G-O)-‘onl .mmu“brmuuu
of Reysolds number and of mean iacidence ia the reage -0.3" < a_ < 2.3,

3.7 ma 7301

The analytical cases for the MLR 7301 supercritical nr‘ou are listed im table 12. Three flow
regimge are represemted: subcritical flow M- 0.9‘ a=0.4), flov with a strong shock wewe (M = 0.7, y
a=2"), and the destign poiat (W = 0.721, a = <0.19).

This sirfoil hae the distinctive pitch axis e 0.4c. The cases include two amplitudes of pitch

oscillation and frequencies wp to k = 0.45). Ia tion, there are five cases of flasp cecillation ia 7
the same flov regimes. Bxperimental results are sveilable ia referesce 6. Tramsition wes fimed st
n/c = 0.3 om both wpper and lower surfaces.

4. RBOMMEIDATIONS POR REPORTING RESULTS

Although 1t e impossible to vequire a eingle wmiform format for reportiang results obtained from
different amalytical methods, as much uniformity as is prectical will certainly eshasce the comparisoms
between various iawestigations that this AGARD activity is designed to promote. In emy case, we agaia
urge that such details ae sign conventiocns, units, and wondimensionalizing factors be clearly reported.

The recommended definitions end sign coaventions for pressure, force, sad moment coefficieats are
shown ia figure 2. Ia compariag results from either differeat methods or from the same nonlisser method
at different amplitudes, it {s desireble to mondimensionalise further by dividiang the pressure coefficieat,
say, by the amplitude. In this case, a sywbol such as c'lo‘ should be wsed for the pressure coefficlent
per radien. .

In unsteady serodynsmics the coefficients are, of course, functions of time. The sercelasticisn has
treditionally worked with complex coefficients for harmonic sotion. These may be expressed as real (ia-
phase with the sotion) and imaginary parte, or, altermatively, as magnitude and phase. PFor acalisesr
serodynamice, this representation is isadequate. Ia gemeral, the coefficients are computed as functions
of time. A Pourier analysis cam be made and higher harwonics reported aloag vith the fundamestal. Ia
sany cases & spectral smalysis may de wore appropriate. In addition to pressure and force coefficiemts,
the shock wave strength and position, and phase with respect to airfoil sotion are importast. A comparison
of the ssan valuse of all of the umsteady flow paramsters with the correeponding paramsters for the msan
steady flow is aleo of interest.
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Table 1.~ MNACA 64A006
Upper surface
xle sle zle ale wle ale wfe
0,0000 0.00000 «00%0 +00008 «2900 200797 20900
o0 «001 850 078 200909 +3000 «02000 «7000
<0010 «0082% 0129 «0073¢ . 02077 +7900
«0019 «00270 01010 . «02000 .
«0020 «00314 20900 01309 +89500 «020e3 «0900
. « 003087 « 0790 «01000 . «0202% .
+0030 «0037¢ «1000 «01919 +3900 102093 «9500
«003% +00000 +1500 02209 0000 «084308 1,0000
0080 +00838 +2000 «02389?
Lower surface
ule sle ale w/e x/e sle =/
0.,0000 0,00000 +00%0 *,00009 «29500 *, 02737 +69300
<0009 °,001% <0078 *,00909 « 3000 '.”.“ 27000
i «0040 *, 00281 <0129 *,00739 +3%500 *,0097? «7800
. «0019 °,00270 «00%0 *,03016 « 8000 *, 02900 +0000
0020 *,00319 +0%00 o,01300 28900 °,00%9 «8900
«0028 *,00387 «07%0 e,01600 +3000 °,02029 9000
«0030 *,0037¢ «1000 *,0191¢ «939%00 *,02033 «9900
«00%9 °,00800 <1900 =, 02289 «0000 o, 00830 1,0000
«0080 *,00839 .”" *, 00997

T e A S

Tadble 2.- NACA 64A010 (WASA Ames wodel)

1 Upper surface
: a/e sl z/e e/e zle ale xle
2‘ 0,00000 0,00000 «01799 «01973 200002 «03213 « 80999
«00102 «00020 «02200 «08722 «10003 +03309 +90003
00100 <0092 «00001% «010%8 10902 «03919 99004
«00300 «0070¢ «03000 «01970 +11999 «0309) «00000
«00803 00000 «03300 «02008 +13000 «03707 «08999
+00690 0089y 03000 «021008 21000} +03012 «70003
+00609 «00072 «00d0} «02207 19500} «00030 «79001
00701 01037 «08002 02378 « 20000 <0882 «80000
00798 «0100a «06000 «0286008 +«20909 0000% +08009
«00000 «011% «09909 «02073 30003 «0%149 90003
+010013 +01212 +07000 «00008 395001 +03290 +995001
L1000 «010800 «00001 «03001 280908 «03307 100000
Lower surface
ale ale sle sle ale ale w/e
0,00000 » 01790 *,01%08 ° =, 08828 + 808999
00102 -,00332 202200 *, 017314 010003 °, 03379 « 90003
«00100 ., 1 +00004 *,01009 ol *,03810 « 39001
N 00098 +03008 *,01%0 31909 ®, .
™ | °,007008 «0330¢ o, ol *, 03703 °
. ., +03000 *,02203 3000} °,03901 +70008
.,00%00 <0000 *,08301 «19001 °,00010 «79004
00704 °,01080 ° *,08900 220000 oy .
<007 01000 o *,02078 «20099 °,00070 «08999
mE G R G B AR G
o s o S . bt )
01808 01819 08801 *,03093 +88%80 °, 08381 1+ 0980




Table 3.- MBB-A)

o

H Upper surface
ale sle xle zle x/e ele x/ec zlc

0,000000 «0019%00 « 090007 032227 « 300802 + 056673 «702%09 «039390
+00009¢ «002%00 «0007%0? «033%0 391000 «090030 «717818 «0376062
+0003%0 « 008200 « 000007 «030900 « 817329 0% « 733063 «03%670
20000980 «0093870 «070160 «0%810 «0840a20 «0956506 «790812 «033343
2000990 «006200 «00800p +037009 2867077 «0%0013 «709812 «030770
001294 «007000 <N0a%e8 0Nt «8902928 099292 « 790810 «007819%
1 «0013%0 «007670 «109e0% .000001 318220 «09432% 013999 «024909%
«001880 «000000 117200 «002310 «500073 « 093200 «030909%0 «020939
! +<00219%0 «000780 .130103 003432 01422 «0520008 «0003%Y 017030
] +002990 «009872 100083 .008399 37987 «080002 «087208 «0143%0
+0079%0 «019100 100182 +00ARRA «3%0420 009720 «907008 «01109%1
0129490 018001 «177304 000307 011340 +08099)3 < 924300 +00926%
<017%¢0 «02127% «196390 2009070 029019 «087800 «%40093 2007290
«020%49 083000 217230 091303 030000 080391 «99%402 «00997)3
«027%e9 «029%2%0 «200030 09209 <8770 « 009327 « %0792 «0081 89
«032%0 « 006090 RILIT) 093913 «097%%? 080308 «970104 +002730
«037%00 020279 +290708 090051 007317 083500 +%0%a9} «0C1318
«002%00 «00097Y «3100% 099728 7811 JO219 1.,000000 0,000000

000000 «030007 «301333 096309 YT ITYY 000808

Lower surface
/e ale x/e rlc x/e ele x/c ele

0,000000 «0019%00 «034097 012370 «J00902 -,031%10 «710290% <,010000
+000090 0,000000 <Ne0T8Y  o,01299) «JVIA80 o, 031007 17318  «,013032
0003930 *,001200 <« 00000 o, 0156009 817129 *,03193¢ +733003 *,011913
+000030 «,0010810 "o078180 ©,0108000 «SE2820  o,031117 «750812 =,01073)
.000088 <,002270 «008008 o, 019202 <407877  <,03039) «700812 ,009%03
+001290 e, 002600 NITIIT] e, 010070 < 002028 e, N293%2 «790810 CLIIYE T
001990  <,002%00 «109003 <,01702) 310228 <, 027007 «0139%9  <,000%)
1 «001830 «,0031%0 117288  «,0100%0 2360073 <, 020989 +0300%  <,00%32
1 002190 =,008300 «130183 «,01919%0 «901022 <,02510¢ « 00435 e, 008000
«002990 =,00307¢ «10840) e, 020320 S7%M e, 023728 +007200 e,003e7)
+007980 «,0087%0 +100182 ©,021978 9820 o, 022608} JNOTR0S o, 002000
012900  <,007000 J177381 <, 022009 811300 <, 021200 +320306 =,002000
+017969  «,0000480 «19030C <, 020287 S2I01Y 2, 020107 942053  <,001972
«022940 <, 008800 217230 ©,0290)39 030000 <, ,01%280 2995002 -,001108
+027%8¢  ¢,00089n «PENOSA  ©,027018 +087700 <, 018300 «MATS2 «,000078
+032940 <,010210 +R0988Y <, 020309 0379387  <,017603 «IR10) ,000%90
«037%a8 <, 010778 +290780% <,029900 «007317  «,010083¢ «%00881 «.000273
+080%988  «,011200 +31003e8 <, 0%0819 070156  «,019%808 1,000000 0,000000

088048 <=,011010 381333 «,031008 «OR98 o,01%072

Table 4.~ DO Al

Upper surface
zle 2/e z/e ele x/c zle x/c ele
0,000000 ©0,000000 039000 «032730 «J3%000 «007009 + 798000 «000309%
2000800 «003307 «007%00 «037702 +39%000 «000311 «£1%000 «030022
+001000 +009%00 «00%000 «083079 + 8995000 «00016% «578000 «0298008
002000 «0079308 «007900 000272 «31%000 «000708 « 920000 «010911
003900 +0101208 «119000 «093030 « 3795000 «00019%% 2990000 «010%0e
+00%000 «0122903 «199000 «0%0009¢ +0%3000 +000079 « 977800 «0009%2
+007300 «03193%04 « 2195000 +003120 «093000 1090220 1.,000000 +000333
012900 «020110 « 279000 «000107
Lower surfece
z/e sle =le ele /e ele e sle
0,000000 0,000000 «017900 =, 010027 «219000 °,080521 099000 «,019000
«000000 «,003109 +003000 <,010%20 «2735000 <, 009003 «795000 «,0000%
«001000 «,009000 «039000 +,000090 +«333000 <,0%0200 «019000 «,000007
«000000 <,007133 «087300 <, 0023000 + 393000 °,000303 +079000 +0010%0
«003%00 - ,00007) «049000 <,027191 «09%000 «,000308 « 920000 «000707

0095000 +,010022 «007500 <,031002 «3195000 +,030%2 « 950000 =,000027
+007900 e,012008 «119000 *,099101 975000 <,031909 «977500 =,008000
«010900 +,019099 «199000 ©,000%90 «039000 <,003719 «990908  <,0000%%

e
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xle

+0000012
«0002092
«0004782
+ON0AT2A
«0011902
00108482
017200
«001987Y
«002260)3
029N 8
0027800
20081578
0098279
<000ARNN
+O0R0A %S
<JONENSTY
10997
«0118040
f129220
L139700
0190788
«0101820
0172600
<O0102%)
0193141
«N100221
<JO20A1 01
0220479
N23e02
0291018
JLR01200
02%07As
«027180)3
0272202
0278492
0277879
JO2M193Y
«C280%0
0292183
0293020
N299%,)
«030889%
«031212s
0%2a%07
«0372000
0810008
+080%9%0}

ale

*,000810%0
20091408
«007Sa1e
+000a%20
+011093¢
012008
«01300%0
018019
«0150008
M ITYTRA
177180
D217220
02350390
02779,
ANn073%2
«0321%00
«23a1%0%
«08981 80
037277
0388702
AL TTETY
+0808704
0820032
«082% 8
0837224
088000
0881040
«0040222
JDavIaYy
08800
<0800 39)
080137
+NeNR1%
0002300
+ 0804030
+000%07s
0407148
2089908%¢
+0902a0y
«0%04822s
0%8182
<0%N00%ae
«291100¢
091049
«093037a
+09%942%a
«0972%an

xle

«0911009
«09%2322
+OnbaYS?
«009118%
« 0607978
«0742%4)
«07% 31?7
«083000¢
087807
« 0912458
« 005243
<171 %382
1073807
« 1190480
1206020
1274498
«1991173
« 1429028
« 1908320
« 19989843
<16A%a08
«1731153
« 1802048
<18%8210
«1927028
« 197004y
«20324%¢
«200%008
2103331
22011903
2299087
23106822
238008400
2848000
+23500%a0
2972000
2683308
2718310
2704074
«?8%5%a2
«293304As
« 3010829
«JOAR Y2
« Y1871
« 3290080
« V930208
82149y

Table 5.~ MNiLR 7301

Upper surface
zlc x/e
+0500000 « 35060908
« 00000908 « 3990049
D012102 YIS
«0023322 «V170%82
«0033000 M ITTTL)
«008%12% « Y9581
« 0093782 « 80090849
0001200 « 0181928
«000832¢ «8233202
0074078 +8320280
«0881700 + 8007313
0001434 + 88948340
«0700970 «0%8182%
+071300% < 8057002
720014 NYASITL]
«072%27 Ji850198
0734788 L0000y
OT8810% « 89800158
«0797161 «501537¢
« 0760949 +3070A3S
JO775%8)7 N1a820)
«078003% 3223831
«CT000A0 25302960
«N70302¢ « 9395320
«0797%00 « 9042108
0801428 «N320082
«0805993 «S001278
+081000) « 5073008
JNR16220 8734930
«0010208 <879 32¢
0822139 «S8a%ap
08230082 « 200265
«0D82%%a) 3% %10
«003584a3 «3994 170
+CATHOSY «h03800)
+0RG0272 +5001009
«+00a3728 «81602%0
«0080%) 02343%¢
008997, «0308176
08277} 0373708
+0085%508 5881229
20050101 +030764%%
«08a0800 H8786R2
<006 2998 NITIRIL
MITYLE R «57008:8
0080200 «h?78920
« 0007090

ele

00000480
0009748}
«0070530
«0070609
«0A70%70
«0R70223
«0009%87
N LYYLTT)
00867220
0805678
«004 3027
«080100)
+0R39239
+00%00%)
«OASE22
ORS1 302
N-TYT YL
008e%e82
OR824}
«003%2s0
+0OA3% e
0831478
0026778
NIYITTL
NI RALY )
08116106
+0800219
+OR00%22
«079%a88
«2780180
«070930)
+07AC40}
0775880
«077322Y
0740839
«070232%
+078307%
0748111
+07385%1
0727018
0T18078
0710087
«0700040
0600082
+0n800%0
+0a2NDSY

x/e

0080027
00919338
« 69873480
«709903%%
«7131%00
«720337%
« 7279100
« 7395010
«7830027
«7950666%
« 7950794}
RAILTET]
ALLEEIY
«703023%
«7910338
«8U0GGSE
«009a%480
«01820%
20018}
8377629
«88781)?
« 8972609
007200
«A77273s
«087280%
+9000%0s
«91006%0
«920071%
« 9300779
M ITTREE]
« 9092003
..’COI’Q
« 9580007
«9039%%00
+S0A%8 S
9731722
9770018
« 27506
«90a%06s
«9870820
« 9219
« 9913792
«9635318
«99%aarY
« 99728430
1,0000000

ele

«00991%0
+000790
«003%507%
0623878
0010701
0397799
«0%03800
«09509%10
«09%e%a%
«0960082
«0523972
«0307%69
«0090900
+0470003
0893382
20836840
+0817320
«039%0007
08700801
«0330009
0332012
+0310012
0208107
,020923)
0202773
0213713
«0191000
<0100%7)
JOle0213
.0110003
0108032
«0093083
008330}
0073337
+006306%
+00930%
0083282
+0033%%8
«00292%0
0020978
0020730
«0018520
0012342
20008108
.0004082
#,0000000
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Table 5.~ MR 730] (Continuved)
Lower surface
xle sle xle sle x/e sle a/c ele

«0000012 <=,0008100 «084%9476 <,0800330 «3107702 <,0797932 «7011072 +=,02033%)
+0002390 <, 009939y «0870028 +,000977% «3207700 <,0794000 «71131% <, 0202378
+000071S =,007800Y «0302990 <,087078? +3307707 «,0759290 «717009% «,02%0220
«0007097 <,00A%07e «09%0000 o,0a% 778 «1800000 ,0790199 «722%3036 <,0830100
0000000 <,010007) 0011217 «,0900900 +«3%500408 o,07%0e%? 7270077 o, 0200092
«0011018 +,0110407 «0009932 «,0923143 « 30004017 ,0737109 «7330017 «,0210082
JA01304Y < 01190200 «0710083 +«,09%%09) « 370047 +,0799330 «7393430 <, 0201330
0010200 <,01273% +07804893 +,0%5880)7 «3000000 «,0732000 <783238a «,0100720
0017878 <,0131280 20700182 +,099304% «3900439 <,0749700 7911098 <,0170280
+001008% ,01%%0080 +083A70) o ,0%961107 8000889 +,0780002 «7909772 ©,0103%"
J0021310 < 0182430 «0078430 < ,0%00%0 «8100430 ~,0741939 «70308080 +,0150110
+0024031 <,010% % «0919698 <,0979019 «8200420 <,0730331) «7703088 <, 0130900
NA31200 <, 0100910 «0982477 <, 098291 «0300408 <,0730387 «7700600 «,012332)
«003092% <,0101%00 «000%297 < ,0%0%000 «8408330 +,0723%40 o7050310 <, 0110377
«0089801 < 0100000 «1020919 <«,090332% «03299%8 o, 0710000 «7910073 ¢, 0008020
,009100% o 020019} +«1002731 <,000127% «0017033  <,0700399 8003429 <,0079400
0030823 <, 0210002 «1000088 «,0007028 «0078019 <,0701032 00009007 +,0000930
0008292 <, 0220012 «1139108 <«,0012973 «ATA340TY <,000070) «0170888 <,0091070
0072882 <,0030990 «1171380 <, 0017938 «8899002 <,00081130 «8270%502 +,003%4)7
000111% o,0287%0 +1209661 ©,0020%0% +0920739 o,0073129 0370800 +«,0000017
0000042 -, 0097742 «1310030 < 0030000 «8991016 ¢,000%5011 «0070422 +<,0007008
JON0A0YA o, 0207117 «1%08748 o, 0000992 «30%0401 o, 0090372 «8370300 < 0000420
7100908 <, 0270003 «1671908 <, 009708} «3126208 <,0087009 +«0031000 0011190
0119921 =,020900% «1997073 <, 0007700 9195433 <,0050909 +0731080 ,0020%%
0129088 < 0200402 «1003780 <, 0a770480 «3271003 <,002%003 «0031016 0029200
0137878 «,0%0%0)) «1720029 <, 0009721 +9350200 <,00130838 0931798  ,00300%
A192312 <,031090 «1019098 <=, 0003027 «3433030 o,0000729 «9031701 «008129%8
0108%e8 ,0%20%02 +100A011 ©,00% 300 «S002317  «,09901% 9151771 0080022
D170813 < 093009 +1917704 <, 0702707 +999162% -,090191?7 31700 «0000702
0109270 <, 0340208 «19a00%0 <=, 070047} 9680032 <,0%00011 «9331708 0080092
A1%87e7 o, 0%041) 2019388 <+, A710099 «373623% ,0%%0130 «%831770 00039232
0204219 <,0392)00 2078710 -, 071927} «J027336 <,0933301 « 9331700 «00010090
4 210008 < 039084, 2137072 o, 0710009 +9920008 +<,0910079 «90010%0 0030317
31 0227938 <, 0300478 «21970% e 0723400 «0018239 < ,04002% «+ 9001 70Y 20032600
A281016 < 0378168 +20901%¢ =,0727127 +AIDGRAS <, 0800070 « 9750017 +0029000
293078 <, 0301920 «2327707 <, 07313810 «0108332 o, 0000010 «9701580 0029100
0200913 <, 030029 «2300218 +,073%2e0 0200382 <, 0840910 «%022070 0021207
0091700 < 030020 +2870728 ©,073003) «0300R29 <, 0820000 «%069110 0010002
AIINEAY <, 081149 «R962238 -, 0702129 832277 o ,0000000 «9078183  ,00199%0

«0339997 <, 041097 «203%02% <+, 0783000 4337728 <,0390207 « 9009000 «0018030
«0393028 < 0820210 «27295007 <,078910% 002090 <,0%7070) 0NN 0010102
0370008 < 0033172 «201039)  <+,07952020 8710211 o,0391027 «9934003  ,00000%0
+JONB034Y <, 087009 +2907772 <,07%8377 «00120200 <,0320730 9901707 0001112
610922 +=,08%0300 + 3007770 <,07%0420 0900100 <,0300300 1,0000000 0,0000000

Table 6.« 4% parabolic arc Table 7.~ WACA 64AD06

Cane L] a, hﬂlc k Case ® 6° f 3
; | 0,0 0.9 0 0,02 2 0,000 1 120 0,2%
] Jo 0,0 LI (] 0,2 3 0,009 1 30 o,002
e 0,0 0.9 9 LIS ) e 0,009 [ | 30 o,002
: | 0,0 0.9 -] 1.0 S 0,009 | 1280 o.200
[ 0,0 0,9 [] 3,0 [ 0,090 | 30 «000
4 0,9 0,9 0 0,8 ? 0,090 1 120 o,002
® 1,0 0.9 [ ] 0.8 0 0,079 1 30 0,09
° 1.1 0,9 0 LY e 0,078 2 [ 0,090
10 0, (] 0,01 0.8 10 0,078 1 120 o0.209
ile 0,8 ] 0,01 0,2 111 0,900 | b [ ] ...‘.
18 0,9 L] 0,01 0,8 12 0,%¢0 H 120 0,21
Wote: a_®0, x /e 0.25, sdditional Wote: a_=a *8 =0, xfe 0.7,

cases are in paragraph J.1 Re = z.mc‘




Teble 8.~ WACA 64AD10
Rexio® o v .

'.... ..‘ ..‘. ‘... '.‘.0
0,902 10,0 1,02 10,0 0,100
..'.. ‘.0. '..’ ‘.' ..."
0.,7% 12,9 1,02 0,0 2,00
12,8 1,02 17,8 0,101
° .0'.‘ ‘..‘ '..‘ ".. ..'..
0.7% 12,9 0,9
..’.‘ ".’ .." ".. .Q"‘
0,797 2.9 .
100 0,002 3.8 0,% 33,2 0,200

Wote: a =0, I'IG -0.2%

:

z

Table 9.~ WNACA 0012

Case N v omemo® o a, a' t x
ie 0,001 197 a0 2,00 2,01 L1} %0 0,00
2 0,900 107 4,8 3,16 4,80 wa 0 0,001
3 0,900 109 a0 e, 00 2,00 (Y $0 0,001
8 0,798 ey 9.9 0,00 ~0 ~e 88 0,001
S 0,799 20Y 9.9 0,02 2N L1 (13 0,001
IS 6202 W 2. ~a 03 0,03 ~ ~
? 0,000 9 8,0 e %0 0,11 wb L1
8 0,000 108 4,0 ~e 010 0,30 " "

Note: lule ® 0.25, final o' fa given (see paragraph 3.4)

Table 11.- DO Al

1 Table 10.- MAB-AN
: -
L Case " a 2, 'o" k Case N ReX10 ay a, k
1 0,790 1.9 0.9 L 0,1 | 0,70 ®
e 0,748 0.9 0,9 e 0.1 ] 0,78 ®
3o 0,79 1.9 0.9 [ 0,1 3 0.7 .
. 0,708 1.9 0.9 L] 0,9 [ 1] 0,.% L)
9 0,78 1.9 LS ] 0 0, ] 0,% [Y
& 0.709 2.0 0.9 (] 0,0 LY 0.'. |
7e 0,700 198 0,9 (] 0,1 ? 0,7 'S
L) 0,990 1.9 0,9 ° 0,1 [ 1] 0,7 &
b 1,009 1.9 0.9 L 0,9 L ] 0,7 [ )
3 19 1.100 1.9 0,9 . LIS 10 0,% "
" °.'.' ‘.’ 0 °'°' ‘.' l‘ '.'. "
12 00:‘: 1.9 ) 0,04 0.9 12 0,78 ®
13 0,70 1.9 o : 0,04 0,¢ Wiost lnle i
Note: lale « 0.25, Re = 6X10
Teble 12.- MR 7301
: Case L] a, a, LR f k
‘ 1 0,90 0,60 0,3 © 50 0,09
@ 0,30 0,80 0,9 L) 80 0,009
3 0,700 2,00 0.9 o 30 8,07
[ ] 0,700 2,00 1.0 [ %0 0,072
| 0,700 P,00 0,9 [ ] [ 1] 0,192
6 0,721 0,10 0, (] 30 0,000
y 0,701 =0,10 1.0 o A [ ] <000
8o 0,781 =8,19 0,9 ] 0 0,104
O 0,701 0,19 0,9 6 20 0,093
10 06,300 0,00 L] ] 50 o,
11 0,700 3,00 @ ] 30 0,072
12 0,901 0,10 [ ] ] %0 ( 18
130 0,781 0,19 ] ] 8 0,100
16 0,721 e0,1¢ L] 1 e 0.9
Wote: zfe =04, nglec0.75, § =0
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Figure 1.~ ACARD Standard atrfoile.
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3 v RS, >
LR T B & oy B, o 0 lover B e

L - 'CC‘ L‘ 3 .“l,'

1 2
I-qcc. u'.",.

1
e = C d(nle) = j ac d(nle)
, }unon ’ s

1
O f“".“c,‘l.h « w/e = elerdu/dn)dinlec) = ]0 “’(l.le - sleditata)

1
¢ -} C d(n/e) = [ AC_d(x/e)
1.1 flap ’ I.IC ’ 7

1
) Co(ngle = nle = eledn/an)a ] ac -
“n i"” pingle = nle « elecdn/am)d(n/e) = wis p{%g/e = n/e)dlnle)

Pigure 2.« Alrfoll force and msmsat definitions.
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; Aerody namic forces Unsteady flow
: : Transonic flow Applications of mathematics

' The acroelastician needs reliable, efficient methods for the calculation of unsteady aerodynamic
forces in the frequently critical transonic speed regime. The development of such methods can

| be enhanced by the availability of a limited number of test cases for the comparison of

| competing methods. This report contains such test cases. Geometric descriptions of seven, two-

dimensional airfoils and suggested acrodynamic conditions for each are included.
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