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SUMMARY

Basic thickness forms of the NACA 63-, 6L-, 65-series and NACA 63A-,
64A-, 65A-series airfoil sections are tabulated for thicknesses of 2, 3,
4, and 5 percent chord. Also presented for these thin airfoil sections
are theoretical values of pressures and velocity ratios required to
obtain theoretical airfoil pressure distributions. In addition, for each
family of airfoil sections, cross plots are presented from which ordinates
and pressure distributions can be easily obtained for airfoil sections
of thicknesses intermediate to those presented in this report, in NACA
Report 824 (from 6 to 21 percent chord for the NACA 6-series), and in
NACA Report 903 (from 6 to 15 percent chord for the NACA 6A-series).

INTRODUCTION

In order to minimize the wave drag of supersonic aircraft, the wings
and tail surfaces are designed with the use of airfoil sections thinner
than 6 percent chord. Ordinates for only a few of these thin airfoils
are published and these are not conveniently located in a single report.
This report will supplement the information presented in references 1
and 2 and provide the ordinates of additional airfoil sections useful
in design of supersonic aircraft.

The information presented in this report includes tabulated ordinates
for symmetrical NACA 6- and 6A-series airfoil sections with thicknesses
of 2, 3, 4, and 5 percent chord and a simplified method of obtaining
ordinates for any thickness intermediate to published values from 2
to 21 percent chord for NACA 63-, 64-, and 65-series and from 2 to
15 percent chord for NACA 63A-, G4A-, and 65A-series airfoil sections.
In addition, a simplified procedure is presented for obtaining the
pressure distributions about airfoil sections of intermediate thicknesses.
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SYMBOLS
c chord of airfoil
t maximum thickness of airfoil
} Ve free-stream velocity
v local velocity at any point on airfoil surface
| &V increment of local velocity
Vg increment of local velocity caused by additional type of load
distribution
BC distance along chord from leading edge
y distance perpendicular to chord
DISCUSSION

The basic thickness forms for the NACA 63-, 64-, 65-series and
NACA 63A-, 6L4A-, 65A-series airfoil sections with thicknesses of 2505,
4, and 5 percent chord are presented in the tables of figures 1 to 2L.
For the 6A-series airfoil sections, where a trailing-edge radius is
specified, an ordinate is presented for the 100-percent-chord station
to serve as a guide in fairing the rear portion of the airfoil. The
theoretical methods of references 1 and 2 were used to derive the
2-percent-thick airfoil sections of the NACA 63-, 64-, 65-series and »
the NACA 63A-, 64A-, 65A-series families, respectively. Although
not exactly correct, ordinates for thickness ratios intermediate to
those presented in references 1 and 2 and in the present report can
be obtained for all practical purposes by the following method which
was used to obtain the ordinates for the 3-, 4-, and 5-percent-thick
airfoil sections tabulated herein. For each family of airfoils, the
ratio obtained by dividing the ordinate y at each chordwise station
by the maximum thickness t is plotted against the airfoil maximum
thickness in percent airfoil chord as presented in figures 25 to 30.
From these cross plots, the ratio y/t at each chordwise station can
be obtained at the desired value of maximum thickness. Values of the
ratio of the leading-edge radius to the maximum thickness squared as
a function of maximum thickness +t are presented for the NACA 6-series
and 6A-series airfoil sections in figures 31 and 32, respectively.
Addition of a cambered mean line to the basic thickness form is accom-
plished with the use of the mean-line data of references 1 and 2.
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The theoretical pressure distributions, indicated by V/%m)e, for
each of the symmetrical airfoil sections presented are also tabulated
in figures 1 to 24. In order to obtain the theoretical pressure dis-
tributions for these airfoil sections at angles of attack and/or with
cambered mean lines, the procedure described in reference 1 can be used.
In this method of calculating the pressure distributions, the velocity
distribution about an airfoil section is considered to be composed of
the following three separate and independent components:

(l) The distribution corresponding to the velocity distribution
over the basic thickness form at zero angle of attack (V/V@)

(2) The distribution corresponding to the design load distribution
of the mean line (AN/V@)

(3) The distribution corresponding to the additional load distribu-
tion associated with angle of attack (ANa/Vg)

Values of the velocity-increment ratio AV’/VO° are presented in
references 1 and 2 and values of the velocity ratio V/Vm and the
velocity-increment ratio AVa/Voo are tabulated in figures 1 to 24. For

each family of airfoil sections, values of (V’/Vm)2 and ANa/Vm for
intermediate thicknesses can be obtained from figures 33 to 44. In these
figures, (V/Voo)2 and ANa/V¢ are plotted as a function of the maximum
airfoil thickness t 1in percent chord for each chordwise station.

Careful comparison of the ordinates and pressure ratios tabulated
in references 1 and 2 with the faired cross plots of figures 25 to 4k
shows some discrepancies. Although these discrepancies are small enough
to be disregarded for all practical purposes, the values obtained from
the faired cross plots are preferred for design considerations.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 25, 1958.
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o 20 L0 60 80 100

X, percent c

Xy Y 2

percent c | percent c (V)| V/Ve ANa/Vw
0 0 0 0 14.164
.5 .158 1.028 T OIS 50262
5 .198 1.032 1.016 | 1.740
1.25 .25k4 1.037 1.018 | 1.353
25 1552 1.045 1.022 .998
50 489 1.049 1.024 . 703
TS .590 1.050 1.025 :558
10 671 1.051 1.025 .480
15 . 796 1.052 1.026 .380
20 .885 1.053 1.026 .320
25 .ok6 1.054 1.027 2T
30 .983 1,055 1.027 245
35 .999 1.055 1. ORT 218
4o .993 1.053 1.026 .195
L5 .965 1.050 1 (o125) 175
50 .016 1.045 1.022 58
55 .850 1.039 1.019 L1433
60 .69 1,053 1.016 120
65 .676 1.025 1.012 Hat)
0 S5 1.018 1.009 102
' 463 1.009 1.00k .090
80 350 <999 -999 077
85 .239 .989 .994 .065
90 136 .979 .989 .050
5 .051 .969 .984 .035

100 0 .958 2979 O

L.E. radius: 0.045 percent c
Figure 1.- NACA 63-002 basic thickness form.
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(V/Veo )°
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0
0 20 L0 60 80 100
X, percent c
X, VE)
percent c| percent c (V/Voo)2 V/Voo AVa./vm
0 0 0 0 9.083
5 243 10228 SISO 18 2 Al
D .300 11l | Loyl (S iy r (o)
1.25 .383 ilefopn | | e b i
2.5 .528 1.065 | 1.032 .995
5.0 .732 1.071 | 1.0%35 . 700
W5 .884 1.074 | 1.0%6 .559
10 1.006 15076 | 1.037 481
15 1.193 1.079 | 1.039 .382
20 50 1.081 | 1.040 .321
25 1.420 1.085 | 1.041 .278
30 1.476 1.08% | 1.041 .245
35 1.499 1.0820 N ehoi " 218
Lo 1.489 1.080 | 1.039 .19
45 1.445 gLorh [N 15036 <171
50 1.371 1.068 | 1.033 .158
55 252 1.058 | 1.029 .142
60 1.149 1.049 | 1.024 <127
65 1.008 L0357 || 1.018 A1k
70 .853 15050 R 1012 .100
(5 .688 1. 01281066 .088
80 .520 .998 .999 .076
85 .354 .983 .991 .06k4
90 .201 .968 | .984 .049
95 .04 .95k4 el .03k4
100 0 939 .99 ©
L.E. radius: 0.072 percent c

Figure 2.- NACA 63-003 basic thickness form.
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b
0
0 20 Lo 60 80 100
X, percent c
X, ¥
percent c perceglt c (V/Voo)2 V/Vo AV [V,
0 0 0 0 6.l
5 .330 10100 1.005 | 2.212
i) Lok 3 ol gt ISRl - T8y
15 515 1.068 | 1.-053| 1.39%
205 .T05 1.082 | 1.040 .991
510 .976 1.001 [ 1.045 .696
765 15078 1.097 | 1.04F .560
10 1.341 1.100 | 1.049 482
15 1.590 11061 15052 .383%
20 170 00 | . 053 .321 A
25 1.894 il Tl T (0575 .278
30 1.969 S IS O5E .245
35 2.000 1l fal e .218
40 1.984 1.108 | 1.053 .195 :
45 1.924 1.100 | 1.049 A5
50 1.824 g 0910 | 1-phs .158
55 1.689 1.078 | 1.038 .12
60 1.525 15065 | L1052 2T
65 1.336 1.049 [ 1.024 .113
70 1:199 1.033 |[1.016 .100
i5) .910 1.015 | 1.007 .087
80 .686 <997 .998 075
85 466 .978 .989 .063
90 .263 .958 979 .048
95 .09%6 =959 .969 .033
100 0 .921 .960 | O
L.E. radius: 0.128 percent c ’ \

Figure 3.- NACA 63-004 basic thickness form. #
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20 Lo 60 80 100
X, percent c
X, Y 2
percent c| percent c | (V/Vw)| V/Vy AV Vo
0 0 0 0 5.353
25 a7 .994 L9971 2.169
5] .506 105248 |F L0261 17799
1l 25 642 1.077 | 1.038 | 1.403
205 .881 1.098 | 1.048 .987
5.0 1.220 e n S o5 .694
7.5 1.472 L 120881658 .561
10 1.676 1.124 | 1.060 .483
15 1.988 1.133 | 1.064 .383
20 2.213 1.137 | 1.066 .322
25 2.368 LS LIRS 068 .279
30 2.462 1.143 | 1.069 .245
35 2.500 1.141 | 1.068 .218
Lo 2.478 1.1%36 | 1.066 .195
45 2.%01 1 26 N 06! 1
50 2.274 SN R0 055 158
55 2.10k4 Qg IRIR O L1
60 1.897 1.080 | 1.039 .126
65 1.661 1.061 | 1.030 .112
70 1.401 1.040 | 1.020 .099
'e) 1.128 1.018 | 1.009 .086
80 .849 .995 .997 .OT4
85 56 972 .986 .061
90 .32k oL 975 Mol
%5 .118 .924 .961 .032
100 0 .902 - 950 R0
L.E. radius: 0.200 percent c

Figure L4.- NACA 63-005 basic thickness form.
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20 Lo 60 80
X, percent c
X, M) 2
percent: ¢ | percent c (V/Vm) V Ve AVa/Vm
0 0 0 0 14.451
5 .1k9 AR 02UN RIS EIOH 25210
S5 .188 1.055 | 1.016/| 1..860
.25 246 Tifollizl | DALl | Al e
255 J3ll 1.045 | 1.022 .998
5.0 480 1.048 | 1.024% .697
75 9 1.049 | 1.024 .562
10 .65k 1.049 | 1.024 478
15 ST 120500 [11:025 .380
20 .863 1051 | 1.025 .320
25 .928 1.051 | 1.025 2T
30 971 1.052 | 1.026 245
55 .995 .0p5 |112026 .218
Lo .999 R OB SR OO .196
45 .976 1.052 | 1.026 .178
50 .931 1.048 | 1.024 .158
55 .867 1.042 | 1.021 alie)
60 .790 1.0%36 | 1.018 .128
65 .699 1.028 | 1.01k4 A5
70 597 1.020 | 1.010 .102
i) 487 IO B 005 .089
80 372 1.002 | 1.001 .08
85 2568 .992 .996 .065
90 .150 .983 .991 1052
95 .058 .970 .985 .035
100 0 .9H5 977| o
L.E. radius: 0.028 percent c

100

Figure 5.- NACA 64-002 basic thickness form.
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0 20 Lo 60 80 100
X, percent c
X, NE) 2
percent c| percent c (V/Vw) V/V°° AVa/Vw
0 0 0 0] 9.750
5 .235 I8 028N |1 s01iE| W2 225
5 .288 1.051 | 1.025] "1.860
1.25 372 1.058 | 1.029| 1.465
2.5 515 15065 N S0 .995
5.0 J12 1.066 | 1.032 .596
TEo5 .856 1.068 | 1.033 S5Tenl
10 973 1.070 | 1.034 478
15 1.156 1L.072 [ 1.035 .381
20 1.291 10BN D05 .320
25 1.389 il ol e | aksenel .278
30 1455 1.079 | 1.039 245
35 qliont 1:0801 || '1i059 .218
Lo 1.499 1.081 | 1.040 .197
45 1.463 1.078 | 1.038 .178
50 1.395 1.071 | 1.0%5 $158
55 1.298 1,065 1| L0510 142
60 N80 1.053 | 1.026 .128
65 1.043 1.041 | 1.020 J11h
70 .889 1.030 | 1.015 Aol
75 T4 18 015MIFITSO 0T .088
80 55 450020 | 1.000 .07T6
85 .382 .987 .993 .063
20 <221) .972 .986 .050
95 .084 .953 .976 .034
100 0 +925 .967| O
L.E. radius: 0.062 percent c

Figure 6.- NACA 64-003 basic thickness form.
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20 Lo 60 80 100
X, percent c
X, Xy
percent c | percent c (V/ Voo)2 V/ Voo AVa/ Voo
0 0 0 0 T7.070
5 <322 1.029 | 1.014| 2.225
55 .391 1.060 | 1.030'| 21.84%
1525 .500 1.070 | 1.034 | 1.456
235 .685 13079 | L0359 .992
5%0 .93 1.084% | 1.041 .695
5 1.134 1.088 | 1.043 .561
10 1.290 1.091 | 1.045 478
15 1536 1.097 | 1.047 .382
20 2l 8ol 1.101 | 1.049 .320 -~
25 1.849 1.0 0l IR 051 .278
30 1.938 1. 107 12052 245
35 1.987 1209 [F 1655 .218 L
Lo 1.997 1 a2 IS 055 .197
45 1.950 1 OIS O51 Al
50 1.857 1.095 [ 1.046 .158
55 1.726 1.083 | 1.041 142
60 567 1.069 | 1.03k4 .128
65 1.382 1.054 | 1027 L1k
0 1 17T 1.039 | 1.019 .100
5 957 1.020 | 1.010 .087
80 . 729 1.002 | 1.001 . 075
85 <505 .981 .990 .062
90 .290 . 960 .980 .059
95 L) .937 .968 .033
100 0 .915 SN0
L.E. radius: ©Q.1ll0ipercent. e 3

Figure 7.- NACA 64-004 basic thickness form. "
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20 L0 60 80 100
X, percent c
X, N )
percent c| percent c (V/Vw) s V/Vw AVa/Vw
0 0 0 0 5550
5 .4o8 I o211 010 N2 015
D Lok 10650 " 1031 |1 81T
1.25 .627 1.079 | 1.039| 1.4ko
2.5 .854 1.094 | 1.046 .87
5.0 ke 1101 0ltg .693
7.5 q8lis 1 o052 .560
10 1.608 i 1028055 479
15 1.916 iRl | Al (0510) .383%
20 2.143 227 NS 162 321
25 2.310 1.132 | 1.06k4 .279
30 2.421 1.1%36 | 1.066 245
35 2.483 1.138 | 1.067 .219
4o 2.496 1.14%1 | 1.068 .198
45 2.435 1.132 | 1.064 il
50 2.316 Thnalen e E) .158
55 20152 1l kel | Bl o500 142
60 1.950 1.086 | 1.0k42 e
65 1.707 1.067 | 1.0%33 113
(o) 1.460 1.047 | 1.025 .099
™ 1.186 1025 HNicon .086
80 .902 1.001 | 1.001 oy
85 <621 975 .987 .061
90 357 .949 9T .048
PB .13k .922 .960 .032
100 0 .895 946 0
L.E. radius: 0.175 percent c¢

Figure 8.- NACA 64-005 basic thickness form.
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(V/Veo )2
.Ll_ e _ﬁ
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0 20 Lo 60 80 100
X, percent c
X, y’ D
percent c |percent c |(V/Vo)=| V/V, |avVg/V,
0 0 0 0 15,0l
5! .139 4,017 [F12008%| 2.220
159 .165 1025 1 1Lion2i 86
it 25 > 20! 1,050 | 1015 2.401
2.5 .307 1L (o5 | Lk enliyg .99k4
5.0 430 1057181018 .692
7.5 e 1.038 | 1.009 .563
10 .600 1.040 | 1.020 478
15 .T24 qidolia 81l eo2n! .381
20 .818 1.045 | 1.022 el
25 .890 1.047 [ 1.023 <2
30 .943 1.049 | 1.024 245
35 .979 1,050 || 1.025 .218
40 .997 180520 |F11026 .196
45 .997 054 N fe2 ki
50 ey 1.053 | 1.026 .159
55 .926 1.048 | 1.024 Ry
60 .856 1.042 | 1.021 .130
65 . 768 1.035 | 1.017 .116
T0 .668 1.027 | 1.013 .103
5 .556 1.0197 | 1.008 .090
80 435 1.007 |1.003 .078
85 .308 .99 - 991 -065
90 .183 .983 .991 .052
95 072 967 .983 .035
100 0 .O48 O+ | o

L.E. radius:

0.02] percent ¢

Figure 9.- NACA 65-002 basic thickness form.
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0 20 Lo 60 80 100
X, percent c
Xy y 2
percent c perceflt c (V/V°°) V/Ve AVa,/vm
0 0 0 0 9.980
- .220 1055 NN L 016 2 a10
- .26k 1ToUD NN 0218 [ 1% G3
TLoE3) .334 1.047 [ 1.024 | 1.406
215 .469 1051025 .987
5.0 .649 1.055 | 1.027 .693
b . 788 1.057 | 1.028 .562
10 .905 1.060 | 1.030 478
15 1.091 1105155 L (o)) .381
- 20 1.233 1.068 | 1.033 .321
25 1.341 1,072 | 1.035 .278
30 1.420 1.074 | 1.036 .2h5
: 35 i1 o 1.076 | 1.037 .218
Lo 1.498 1.079 | 1.039 .19
45 1.495 1.081 | 1.0k0 ST
50 1.458 1.080 | 1.039 .159
55 1.383 iRefen 1:055 N
60 1.276 1.063 | 1.031 150
65 1.14% 1051 | 1.025 .116
70 .991 1.039 | 1.019 .102
75 .822 1.024 | 1.012 .089
80 641 1.009 | 1.004 .076
85 453 .992 .996 .06k
90 .269 .973 .986 .050
% .105 .949 974 .03k
100 0 .925 .962 | 0
i L.E. radius: 0.06l percent c

Figure 10.- NACA 65-003 basic thickness form.
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20 Lo 60 80 100
X, percent c
X, Y 2
percent c| percent c| (V/Vo)<|V/V, [V /¥,
0 0 0 0 7.180
5 .307 1.046 | 1.023| 2.188
. .370 1.05% | 1.027| 1.800
1525 465 1.059 | 2:029 | 1.407
285 .632 1.064 | 1.032 .978
550 .870 1.07L | 1:035 .69
7651 1.055 1056 | 1505 561
10 1.212 1.081 | 1.040 478
15 1.460 1.089 | 1.044 .381
20 1.650 1.093 | 1.045 <321
25 1.793 1097 | 20T .279
30 1.897 1.100 | 1.049 246
35 1.965 11054 15050 .219
4o 1.998 11060 1P 1052 .196
45 1.991 1.109 | 1.053 a8
50 1.94%0 1.108 | 1.053 .160
55 1.838 1.097 | 1.047 L1hk
60 1.693 1.083 | 1.041 .129
65 1.515 1.068 | 1.033 .115
70 1.309 1.061 | 1.025 .101
75 1.083 1,081 | 1.005 .088
80 842 1 0L 005 .05
85 593 -989 .99k .063
90 59, .96k .982 .049
95 136 .933 - 966 .033
100 0 .902 .90| 0
L.E. radius: 0.109 percent c

Figure 11.- NACA 65-004 basic thickness form.
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20 Lo 60 80 100
x, percent c
X, Y 2
percent c| percent c| (V/V.)S| V/Ve | AVy/V,
0 0 0 0 5.720
D .394 1051 0251 2.152
5 475 1.060 | 1.030| 1.800
125 594 1.064 | 1.032| 1.402
2.5 .795 1.07% | 1.0%6 .973
5.0 1.090 1.087 | 1.043 .695
=5 1.322 1.09% | 1.046 .560
10 1.518 1.100 | 1.049 478
15 1.828. i A1 S T OE 1 .381
20 2.066 A1 18 S IRTT OS] .321
25 2.245 1.123 | 1.060 .279
30 2.5 1.127 | 1.062 .246
25 2.459 1.131 | 1.063 .219
4o 2.498 1.134 | 1.065 .197
45 2.487 T AT | 1066 .178
50 2.420 1.136 | 1.066 .160
55 2.290 15120 1112058 Ry
60 2.106 1.103 | 1.050 .129
65 1.881 1.084 [ 1.041 L1k
70 1.623 The(ee) | alyepal .100
15] 1.339 1.038 | 1.019 .087
80 1.038 1.012 | 1.006 ol (1t
85 .729 .985 .992 .062
90 430 .54 977 .048
5] .165 917 .958 .033
100 0 .880 .938| O
L.E. radius: 0.170 percent c

Figure 12.- NACA 65-005 basic thickness form.
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20 Lo 60 80
X, percent c
X, Y
percent c |percent c |(V /V,,l,)2 W | 2T
0 0 0 0 14.296
5 159 1.018 |1.009| 2.210
-5 .196 1.034 |1.017| 1.8%0
1.25 2251 1.041 |[1.020| 1.450
2.5 .350 1.044 |1.022 .99
5.0 .486 1.048 |1.024 .697
15 587 1.049 |1.024 .558
10 .668 1.050 |1.025 481
15 .790 1.050 |1i025 <301
20 877 1.052 | 1.026 .319
25 .938 1.052 | 1.026 ST
30 97T 1.053 | 1.026 .243
35 .996 1.053 | 1.026 ~ealiyg
40 .995 1.052 | 1.026 .196
45 9Tk 1.048 | 1.024 136
50 .936 1.045 | 1.022 .158
55 .880 1.040 [ 1.020 k2
60 .808 8055 L0 .128
65 .72k 1.029 | 1.01k )
70 .630 10228 | 1.014 .102
(5] .528 1.01% | 1.007 .090
80 Lol 1.007 | 1.00% .078
85 319 -998 -999 .065
90 .21k .988 .99k .052
% .109 .976 .988 .035
100 .005 0 0 0
L.E. radius: 0.030 percent c
T.E. radius: 0.005 percent c

Figure 13.- NACA 63A002 basic thickness form.

100




SA NACA TN 4322

ie2
| -
|

)

(V/Voo)2
. ,-l- f——
0
0 20 ‘Lo 60 80

X, percent c

2:5) p )
percent c | percent c (V/Vm)2 V/V AYa/Vw
0 0 0 0 9.320
5 242 .993 .99% | 2.198
S5 .295 1.048 | 1.024 | 1.828
15%25 S 1.057 | 1.028 | 1.435
21553 .52k 1.064 | 1.032 .990
5.0 127 1.070 | 1.034 .697
75 .878 1.072 |F L:035 .560
10 .999 1,075 || L0357 482
i\ 05 1.183 1.078 | 1.038 .382
20 1.315 1.080 | 1.039 .319
25 1.408. 1.082 | 1.040 200
30 1.467 1.084 | 1.041 243
i 25 1.495 1.082 | 1.040 20T
Lo 1.493 1.079 | 1.039 .195
45 1.461 1.074 | 1.03%6 LTS,
50 1.400 1.068 | 1.033 s153
55 1.316 1.061 | 1.030 142
60 1.209 1.051 | 1.025 2t
65 1.083 1.041 | 1.020 L1k
T0 .940 1.030 | 1.015 <101t
V) .788 1.020 | 1.010 .089
80 .633 1.008 | 1.004 .076
85 476 .995 .997 .064
90 .319 .982 .991 .051
5} .163 .967 .983 .034
100 .007 0 0 0
i L.E. radius: 0.067 percent c
T.E. radius: 0.008 percent c

Figure 14.- NACA 63A003 basic thickness form.
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20 Lo 60 80 100
x, percent c
X, O fe)
percent c| percent c (V/Vm)2 VIV, AV Vo
0 0 0 0 6.770
5 .326 .967 .98%| 2.170
. .396 1.058 | 1.029| 1.812
1405 <505 1.072 | 1.035 | 2.418
25 .698 1.082 | 1.040 .985
540 .967 1.092 | 1.045 .69%
15 15 6 1.095 | 1.046 561
10 1.328 1.100 | 1.049 .48k
15 48576 1.105 | 1.051 .382
20 1.753 1,108 151055 .320
25 1.878 1199 ST 5% 277
30 1.958 1.10k [ 1.055 2Ll
35 1.99 1.111 | 1.05k LT
40 1.991 1. 106081052 .19k4
45 1.946 1.098 | 1.048 1T
50 1.86k4 1.090 | 1.04k .158
55 1750 1.080 | 1.039 sanial
60 1.607 1,067 I L0355 .126
65 1.439 1.05% | 1.027 <113
T0 1.249 1.040 | 1.020 .100
(5 1.046 1.026 | 1.013 .088
80 .840 1.009 | 1.004 .075
85 .632 .992 .996 .063
90 Lok .976 .988 .04k9
95 217 .958 979 034
100 .009 0 0 0
L.E. radius: 0.118 percent c
T.E. radius: 0.010 percent c

Figure 15.- NACA 63A00L4 basic thickness form.




NACA TN 4322

1‘2

\
i
'\\
i T——]
20 Lo 60 80
X, percent c
X, ¥
percent c | percent c (V/Vw)e V/Vw AVa/Voo
0 0 0 0 5.420
35 A2 .9%0 SOOI 251
75 Lo6 1.063 | 1.031| 1.786
25 .628 1.080 | 1.039| 1.400
25 <8l 1.098 | 1.048 .980
530) 1.207 15105 WIS 055 .69
75 1.456 12180 L0957 .562
10 1.658 1.124% | 1.060 .48h
15 1.968 1.132 | 1.06k4 .382
20 2,191 1.137 | 1.066 .320
25 2.348 1.140 | 1.068 .278
30 2.450 akeablea Sl (ol (o) .2lk
55 2.496 1.14%0 | 1.068 Sl
Lo 2.488 1.132 { 1.06% .19k
45 2.43%0 1.123 | 1.060 L7k
50 2.327 1.114 | 1.055 157
55 2.183 1.100 | 1.049 .140
60 2.003 1.084% | 1.041 .126
65 1.792 1.067 | 1.033 .12
T0 15555 1.048 | 1.024 .099
5 1.302 1,051 . 1.015 .086
80 1.045 1.010 | 1.005 Noy (!
85 . 786 .989 .994 .062
0 .528 .970 .985 .048
% .270 .98 Rey(n .033
100 .012 0 0 0

L.E. radius:
T.E. radius:

0.185 percent ¢
0.013 percent c

Figure 16.- NACA 63A005 basic thickness form.
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NACA TN 4322

100

iitee
8 “\W
(V/Voo)2
ol e
0
0 20 Lo 60 80
X, percent c
X, Y
percent ¢ perce;t c (V/Vm)2 Ve | AV N,
0 0 0 0 14.738
5 .153 1.020 | 1.010 | 2.240
B .191 1.033 | 1.016 | 1.850
1.25 245 1.040 | 1.020 | 1.470
2.5 341 1043 " 1021 .992
5.0 473 1.045 | 1.022 .698
i) HL 1.046 1023 .558
10 .650 1.047 | 1.023 481
15 .T69 1.048 | 1.024 .381
20 .856 1.049 | 1.024 .319
25 .921 1.050 [ 1.025 T
30 .967 1051 I IE025 L2hk
35 .993 1052 | [N 1026 .218
40 1.000 1.052 | 1.026 .19k
45 .987 1.050 |Fx.025 176
50 .950 1.047 | 1.023 .159
55 .89 TLe(olezi | AL oy2lil .143
60 .825 1.036 | 1.018 .129
65 CThs 1.029 | 1.014 116
70 .652 3L@ESH || ALkt .102
™ .550 1.016 | 1.008 .090
80 L2 1.008 | 1.004 .078
85 .332 .999 <999 .065
90 .223% .989 . 994 .052
95 L5 .978 .989 .03k
100 .00k4 0 0 0
L.E. radius: 0.028 percent c
T.BE. radius: 0.005 percent e

Figure 17.- NACA 64A002 basic thickness form.




NACA TN 4322

1.2

.8
(V/Ve )

ol

Figure 18.- NACA 64A003 basic thickness form.

\
e
20 Lo 60 80 100
X, percent c
X, I
percent c |percent c (V/Voo)2 i AV, N,
0 0 0 0 9.500
&5 .235 1.030 | 1.015| 2.228
S .289 1.046 | 1.023| 1.850
1925 .369 1.055 | 1.027| 1.467
85 .510 1.062 | 1.031 .990
5.0 . 706 1.064 | 1.032 .697
o3 .851 1.066 | 1.032 .560
10 . 969 1.068 | 1.033 481
5 1.148 T.07L | 1:035 .381 |
20 1.282 1.073 | 1.036 .320
25 1.380 1.075 | 1.037 .278
30 1.449 1.078 | 1.038 .2lh
35 1.489 1.079 | 1.039 .218
40 1.500 1.080 | 1.039 .195
45 1.478 1.078 | 1.038 176
50 1.421 10701 | L 05k .159
55 1.337 1.062 | 1.031 .1k2
60 1.232 1.054% | 1.027 .128
65 AN G 1.044 | 1.022 1153
70 el 1.034 | 1.017 .101
D .818 1.023 | 1.011 .089
80 65T 10108 815605 SOt
85 Lol .997 .998 .06k
90 oL .982 .991 .051
95 .169 .967 .983 .034
100 .007 0 0 0
L.E. radius: 0.062 percent c
T.E. radius: 0.008 percent c
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NACA TN 4322

152
‘\
\-\
.3
(V/Vop )2
L ———
(0] :
0 20 Lo 60 80 100
x, percent c
X, Y 2
percent c| percent c| (V/V,) V/Ve | &V [V
0 0 0 0 6.920
<> .318 1.035 | 1.017| 2.199
5715) .388 12052 IET026 1% 815
825 g2 1.066 | 1.032 | 1.459
25 .679 1.079 | 1.039 .985
520 .937 1.082 | 1.040 .696
T 1.129 1.086 | 1.042 .562
10 1.286 1.089 | 1.04k 481
15 11526 1.094 | 1.046 381
20 1.706 1.098 | 1.048 .320
25 1.839 1.101 | 1.049 .278
30 1.931 1.10% | 1.051 .2h5
35 1.985 1.106 | 1.052 .219
4o 2.000 SO R 055 .196
45 1.967 1.105 | 1.051 176
50 1.890 1.094% | 1.046 .158
55 1.778 1.083 | 1.041 k2
60 1.637 R QAN 055 .128
65 1.472 1.059 | 1.029 kit
T0 1.286 1% Ol5 S SN e22 .100
15 1.082 1.030 | 1.015 .088
80 .868 1.013 | 1.006 .076
85 .652 .99 .997 .063
90 .438 .976 .988 .050
5] .223 .958 <979 .033
100 .009 0 0 0

Figure 19.- NACA 64AOOL basic thickness form.

L.E. radius:
T.E. radius:

0.110 percent c
0.010 percent c




NACA TN L4322

.8

(V/Veo )2

o

\
\\
‘\“-~N\\
—— ] -——‘—_)
20 Lo 60 80 100
X, percent c
X, Xy 2
percent c| percent c | (V/V,) VN, | &V,
0 0 0 0 5.570
D .Lo2 o528 [T 016Y| N 25156
. 487 1.053 | 1.026 | 1.831
1325 .616 1.074 | 1.036 | 1.4u45
2005 .848 1.093 | 1.045 .982
5.0 6T 1.100 | 1.049 .695
7045 1.406 1LT06N 15052 .563
10 1.602 JegnS T 05k 481
15 1.904 1,197 | 1.057 .381
20 2.131 1.123 | 1.060 .321
25 2.297 ST R 6062 .278
30 2.413 1.131 | 1.063 245
35 2.481 1.133 | 1.06k4 .219
Lo 2.500 1.136 | 1.066 .197
45 2.456 1.131 | 1.063 176
50 2.358 19819 8NN 051 .158
55 2.216 Absale el Lol AL
60 2.038 1.089 | 1.04k4 20
65 1.831 1.073 | 1.036 .113
T0 1597 1:.055 |F1.027T .099
(5] 1.343 1.036 | 1.018 .087
80 10T 10150 s 00T .0T5
85 .811 .994 .997 .062
90 Shk .970 .985 .048
% .278 .9k6 .973 .032
100 .011 0 0 0
L.E. radius: 0.173 percent c
T.E. radius: 0.0125 percent c

Figure 20.- NACA 64A005 basic thickness form.
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NACA TN L322

20 L0 60 80 100
X, percent c
X, Y,
percent c | percent c (V/Vm)2 v/, AV Vg
0 0 0 0 16.145
-5 .140 1.017 | 1:008| 2.220
S5 .168 1.027 | 1.015 | 1.810
%95 214 1.032 | 1.016| 1.400
25 AR 15055 MR 01T .980
548 436 1.038 | 1.019 .692
7.5 2H2T 1.039 | 1.019 .563
10 .603 1.040 | 1.020 479
15 .24 1.042 | 1.021 .380 &
20 .818 1.044 | 1.022 .320
25 .890 1.046 | 1.023 2T
30 .Olik 1.048 | 1.024 245 -
35 .980 1.050 | 1.025 .218
4o .999 1EE5I | 15005 .196
45 .999 1.052 | 1.026 <178
50 .980 s TN M 025 .160
55 .938 1.047 |11.023 L4
60 .876 1.041 | 1.020 .129
65 .799 1:035. [ 1oL W16
70 .707 1.028 | 1.01k4 .103
™ .603 1..e21 | 15010 .090
80 .489 120150 | 115006 .078
85 .368 1.003 | 1.001 .065
90 -2hT -991 <995 .051
95 .126 o .988 .03k
100 .004 0 0 0
L.E. radius: 0.026 percent c
T.E. radius: 0.0045 percent c

Figure 21.- NACA 65A002 basic thickness form.




NACA TN 4322

T \\
20 Lo 60 80
X, percent ¢
X, Y
percent c |percent c (V/ch,)2 V/Ve Ava/voo
0 0 0 0 10.081
5 225 1.030 | 1.016 | 2.220
o715} .269 1,043 || 1021 | 1,812
1.25 .3h2 1.046 | 1.023 | 1.39
225 479 1.049 | 1.024 .978
5.0 .656 1% 0550 |H1 02T .691
-5 193 1.058 | 1.029 .563
10 .908 150601 | 112050 .480
15 1.091 1.064 | 1.0%2 .381
20 . 251! 1.068 | 1.033 .321
25 1.339 ilseral || akaeEs) 277
30 1.418 1.073 | 1.036 .245
35 0 L IR OT6 N [P1=E5T .218
4o 1.498 1.078 | 1.038 ST
45 1.498 1.079 | 1.039 k78]
50 1.467 1.076 | 1.037 .160
55 1.h04 1.070 | 1.034 L1k
60 1.310 1.062 | 1.051 .129
65 1.193 1.053% | 1.026 S5
T0 1.056 1.042 | 1.021 .102
765) .901 1.032 | 1.016 .090
80 .T729 1.018 | 1.009 .08
85 <550 1.003 1:00% .064
0 .369 .988 .994 .050
95 .188 .968 .o84 .03k4
100 .007 0 0 0
L.E. radius: 0.058 percent <
T.E. radius: 0.007 percent c

Figure 22.- NACA 65A003 basic thickness form.
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26 NACA TN 4322

182
ety ——‘_—\‘-\‘\
[ e I 1Y
8
(V/Vep )2
L
0
0 20 Lo 60 80 100
x, percent c
X Y
percez’ﬁ: c perceixt c (V/Vw)2 ViV | AV /Ve,
0 0 0 0 T.337
.5 .30k 1.038 .| 1.019/] 2.210
+'D .368 1.050 7 1910251 1:805
1225 469 1.055 | 1.027 | 1.389
245 64T 1.061 | 1.030 | .974
540 1815 0TS 055 ] " 690
765 1.059 1.076 | 1.037| .563
10 8o 1.080 | 1.039| .480
15 1.459 1.087 | 1.043 | .381
20 1.645 aloenk 1 f Sleee |t Sop
25 1.788 15095 MR 0L6 Ml S BT .
30 1.892 1.098 | 1.048 | .245
35 1.962 1.101 | 1.049 | .218
4o 1.997 A oL §I 0514 RS 68
45 1.99% a0y || aatoEald |l :
50 1.954 TLTWOHE | (o e R 8 Sl et
55 1.868 1.092 | 1.045 [ .14k
60 1.743 1.081 ['1.040 | <128
65 1.586 12070 R 05k anil
T0 1.402 1.056 | 1.028 [ .101
> 115 1.041 [ 1.020 | .089
80 .967 1.023 | 1.011| .O77
85 . 729 1.003 | 1.001 | .063
90 .490 .983 .991 | .049
) .250 .9H8 979 | .034
100 .009 0 0 0
L.E. radius: 0.102 percent c
T.E. radius: 0.010 percent c

Figure 23%.- NACA 65A004 basic thickness form. .




NACA TN L322

100

T \\
20 Lo 60 80
x, percent c
X, Vs 2
percent c | percent c (V/Ve) V/Vw AVa/Voo
0 0 0 0 5.831
5 .585 1.041 | 1.020 | 2.190
15 467 1R 050 R 1R 025 [NESTEg
825 .595 1.060 | 1.030 | 1.379
2.5 2815 IO 085 .970
5.0 1.09k4 1.087 | 1.043 .689
5 1.326 1.09% | 1.046 .562
10 1.519 1.099 | 1.048 .480
15 1.826 1.109 | 1.053 .382
20 2.059 1.115 | 1.056 .323
25 2.237 oM BN eS8 .278
30 2.367 1.123 | 1.060 246
35 2.453 1127 |11-062 .218
L0 2.496 1.130 | 1.063 .198
45 2.494 1.132 | 1.064 2178
50 2.440 1.128 | 1.062 .161
55 2.331 1.116 | 1.056 L1k
60 2l 1.102 | 1.050 .128
65 1.976 1.088 | 1.043 il
70 1.746 1.069 | 1.034 .100
5 1.487 1050 | HES 025 .088
80 1.20% 1.028 | 1.01k .076
85 .907 1.003 | 1.001 .062
90 .609 .978 .989 .048
95 510 LOWT 973 034
100 QUL 0 0 0
L.E. radius: 0.150 percent c
T.E. radius: 0.0125 percent c

Figure 24.- NACA 65A005 basic thickness form.
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Ratlo of ordinate to maximum thickness, {.

NACA TN 4%22

6 8 10 12 i 6 18 20 22
Maximum thickness, t, percent c

% = 0.9!te 10 percent  c.

Figure 25.- Variation of ratio of ordinate to maximum thickness with air-
foil maximum thickness for the NACA 63-series airfoil sections.




NACA TN L322

Ratlo of ordinate to maximum thickness, %

476

472

468
498

«lsk

190
+502

o498 ©
496

k492

-L488
480

476

472

o 2 L 6 8 10 12 b1 16 18 20 22
Maximum thickness, t, percent c

(b) x = 15 to 45 percent c.

Figure 25.- Continued.
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%0 ' NACA TN L4322

L2

<408

Ratio of ordinate to maximum thickness, %

+J400

396

0 2 " 6 8 10 12 1 16 18 20 22

Maximum thickness, t, percent ¢

(¢) x = 50 to 60 percent c.

Figure 25.- Continued.




NACA TN 4322

290
+286
«282
.278
»27h
2270
.266

e262

Ratio of ordinate to maximum thickness, %

«258

v 254

250

+216
212
+ 20

.204

«196
«340
336
o332
+328
324
+320
+316
312

+308

[ 6 8" iss 110 12 1N 16 18 20
Maximum thickness, t, percent o

(d) x = 65 to 75 percent c.

Figure 25.- Continued.
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32

Ratio of ordinate to maximum thickness, %

2022

+018

2112

. 108

104

«052

+160

«156

NACA TN 4322

N 6 8 10 12 Uy 16 18 20 22

Maximum thickness, t, percent c

(e) x = 8 to 95 percent c.

Figure 25.- Concluded.
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3k NACA TN L4322

Xs
percent ¢
L5

482 &

496
Wli96
190 ¢
kg
1468

Ratio of ordinate to maximum thickness, i.

460
436

0 2 L 6 8 10 12 1 16 18 20 22
Meximum thickness, &, percent ¢

(b) x = 15 to 45 percent c.

Figure 26.- Continued.




NACA TN L4322

4396
392
.388
384
380
376
372
Li36
+368
L32

36l
428

20

oL16

Ratio of ordinate to maximum tﬁickneas, .E

156
A5

448

6 8 10 bins

Maximum thickness, t, percent c

(¢) x = 50 to 60 percent

Figure 26.- Continued.
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36

Ratlio of ordinate to maximum thickness, ¥

+300

«296

«292

.288

28}

+280

«276

272

«268

26l

236

«216

«212

+208

2352

348

3hl

332

+328

32

«320

6 8 10 12 i 16 18 20
Maximum thickness, t, percent ¢

(a) x = 65 to T5 percent c.

Figure 26.- Continued.

NACA TN 4322




NACA TN L4322

«020

«060

«056

.16
.188
.112
+18l

Ratio of ordinate to maximum thickness, %
.
X
5}

108

.180
a0,

176

172

»168

(e)

6 8 10 12 N
Maximum thickness, t, percent c

x = 80 to 95 percent

Figure 26.- Concluded.

C.
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20
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38 NACA TN 4322

Ratio of ordinate to maximum thickness, %

Maximum thioknea;, t, percent ¢

[a) = 0.5 to 5.0 pereent ¢,

Figure 27.- Variation of ratio of ordinate to maximum thickness with
foil maximum thickness for the NACA 65-series airfoil sections.

air-

.
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NACA TN 4322

%

]
=

f§5OUNOTY) UMWIXEBW O3 ©3BUTPIO JO OTIBY

t, percent c

Maximum thickness,

5 to 40 percent c

=T

(b) x

Figure 27.- Continued.
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Ratio of ordinate to maximum thickness, %

428

sb2ly

Jl20

L6

<08

«Loly

LL00

«396

.488

«L8l

480

s

oU72

oLl

J60

2 N 6 8 10 12 1, 16 18 20

Maximum thickness, t, percent ¢

(¢) x = 45 to 60 percent c.

Figure 27.- Continued.
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Ratio of ordinate to maximum thickness, %

336

#332

+328

32l

«320°

4316

«312

+308

304

4300

+296

+380

376

372

«368

#364

+360

356

(d)

Maximum thickness, t, percent ¢

x = 65 to 70 percent

Figure 27.- Continued.
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Ratio of ordinate to maximum thickness, %

212

+208

20l

+200

+196

192

+188

+18L

+180

«280

«276

272

«268

«26L

256

252

6 8 10 12 1N 16 18
Maximum thickness, t, percent c

(e) x = 75 to 80 percent c.

Figure 27.- Continued.

NACA TN 4322
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NACA TN L4322

.036

.032
.028

<02y

092
.088
08l
.080
076
.072

+068
«156

.152

Ratio of ordinate to maximum thickness, %

140

136

o132

6 8 10 12 b1 16 18
Maximum thickness, t, percent ¢

(f) x = 85 to 95 percent c.

Figure 27.- Concluded.
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Ll NACA TN 4322

76

Xy
percent ¢
2

di72

.L68

Ratio of ordinate to maximum thickness, %

Maximum thickness, t, percent

(a) x = 0.5 to 25 percent c.

Figure 28.- Variation of ratio of ordinate to maximum thickness with air-
foil maximum thickness for the NACA 63A-series airfoil sections.




NACA TN 4322

Ratio of ordinate to maximum thickness, %

436

obi32

W28

oLl
468

olél

60

456
.1,88

L8

480
498

Lol
2502 |

o498
496

492

0 2 L 6 8 10 12 i 16
Maximum thickness, t, percent c

(b) x = 30 to 55 percent c.

Figure 28.- Continued.
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L6

Ratio of ordinate to maximum thickness, %

<316

«312

+308

30k

«300

.296
36l

<360

356

352

348

o3l
408

<Ll

.00

+396

392

«388

(

€

)

L 6 8 10 12

Maximum thickness, t, percent c

x = 60 to 7O percent

Figure 28.- Continued.

c.

b

NACA TN 4322

16




NACA TN 4322

Ratio of ordinate to maximum thickness, %

.108

.10k

.100

162

.158

J154

.150
.21

+210

+206

202

«198
+268

+26l

«260

«256

0 2 L (3 8 10 12 U 16
Maximum thickness, t, percent ¢

(d) x = 75 to 100 percent c.

Figure 28.- Concluded.




48 NACA TN 4%22

430

JL26
.388

-5&

.380
326

2318
.288

o b

.280

Ratio of ordinate to maximum thlckness, *

2 L [3 8 10 12 b1 16
Maximum thickness, t, percent c

(a) x = 0.5 to 20 percent c.

Figure 29.- Variation of ratio of ordinate to maximum thickness with air-
foil maximum thickness for the NACA 64A-series airfoil sections.
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Ratio of ordinate to maximum thickness, %

L3

476

L7

L6

L6l =
Lol

Lo

<486

502

498
498

oLiok
186 [

.h82
L62

2 L 6 8 lalh 16

Maximum thickness, t, percent c

(b) x = 25 to 55 percent c.

Figure 29.- Continued.
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Ratio of ordinate to maximum thickness, %

«322

+318

«31L

310

+306
372

368

«36l

+360

+356

+352 -

416

12

Maximum thickness, t, percent o

(c¢) x = 60 to 70 percent c.

Figure 29.- Continued.
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NACA TN 4322

6
2

<168
.16l

» 1

15
«15

2

3

.220
216
o212
2

¢gSoUNOTY] UMWXBW 03 63BUTDIO JO OT38Y

«200
276
27
2
+260

, percent ¢

t

Maximum thickness,

Ce.

(d) x = 75 to 85 percent

Figure 29.- Continued.
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Figure 29.- Concluded.




NACA TN L4322 55

Figure 30.-

.308

X,
percent ¢ =

«30L

«300
.266

Ratlo of ordinate to maximum thickness, %

E
B
=
|
£E=

nmmmmmn

=
=
=
=
&=
E

.072

0 2 L 6 8 10 12
Maximum thickness, t, percent c

+068

(a) x = 0.5 to 10 percent c.

Variation of ratio of ordinate to maximum thickness with air-

foil maximum thickness for the NACA 65A-series airfoil sections.
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Ratio of ordinate to maximum thickness, %

L8l

4500 T

196

«502

198 !
L92

488

476

L72

1168
50

116

12

.08
+368

«36L

(v)

Maximum thickness, t, percent c
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