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SUMMARY

The following report contains the results of & series of tests with three wing models. By
changing the section of one of the models and painting the surface of another, the number of
models tested was increased to five. The tests were made in order to obtain some general
information on the air forces on wing sections at a high Reynolds Number and in particular
to make sure that the Reynolds Number is really the important factor, and not other things
like the roughness of the surface and the sharpness of the trailing edge.

The few tests described below seem to indicate that the air forces at a high Reynolds
Number are not equivalent to respective air forces at a low Reynolds Number (as in an ordinary
atmospheric wind tunnel). The drag appears smaller at a high Reynolds Number and the maxi-
mum lif is increased in some cases. The roughness of the surface and the sharpness of the
trailing edge do not materially change the results, so that we feel confident that tests with
systematic series of different wing sections will bring consistent results, important and highly

useful for the designer.
ARRANGEMENT OF TESTS

The models used in the tests described in this report were made of aluminum and were
smoothly cut to shape, without any polishing.

The chord was 5 in., the span 30 in., which latter is half the throat diameter of the wind
tunnel. This ratio is so large that the influence of the tunnel walls begins to be perceptible.
The actual aspect ratio of the wing models, which were square and not warped, was 6; but the
influence of the walls theoretically changes the air forees as if the aspect ratio had been 6.85.

This report contains all _
forces and angles of attack Li%_"’,” balance 4
as actually observed, making l
no allowance for the influence
of the tunnel walls. Wehave e is in
inserted in the diagrams the : 127 mm cenfer of funnel |C
parabola of the induced drag 8.35 mm 7 1 when & = §
for an aspect ratio of 6.85. T ¢ of funnef

(References 1 and 2.) 7 38./ mm-| |—I95.1 mm—

- . 3/75 er ‘
Figure 1 shows diagram- pan. l .

matically how the models

were attached to the balance |70 salance L] 7o balance
ring. It is a combination of Yweigh’ weight
wire attachment and rigid

connection. A pair of vertical wires A are stretched from top to bottom of the balance ring.
These wires are connected to the wing at one quarter of the chord behind the leading edge.
Furthermore, one skid B, screwed to the wing, is hinged to a vertical bar €, which runs across
the air stream and can be moved up and down. The bar is well shielded from the air stream
by & tube in which it slides and its motion is used to change the angle of attack.
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RESULTS

The results are given in the ﬁgures and tables, both of which confain the conditions of
each test. There is also a table of ordinates of the three wing sections Nos. 97, 98, and 99.
Moreover, the cambered section 98 with round rear edge was milled off to obtain a square end,
and the ca,mbered section No. 97 (with a sharp trailing edge), Figure 2, was covered with 011
paint after the test bad been finished, to study the influence of the surface roughness.

We have, therefore, 5 different models,

. eath of which could be measured at-differ-
~ ent density of the air, All in all, we have
== Mgdoe 18 differont runs, each time varying

NACAST the angle of attack within a large rangé and
Model used in Test No.59—/ determining the lift and drag. In some of

.. - milled off squore  the tests we have also determined the pitch-

ing 'moment with respect to a point on the
chord and at one quarter of the chord be-
“~ hind the leading edge. Themoment is con-~
MA.CA 38 sidered positive if it makes the leading edge
rise, This reference point is of special im-

-, . portance; the theory of thin wing section
_ " . gives a pitching moment with respect to
this point independent of the angle of at-

NACA 39 tack. This makes it-more convenient for
6. 2 Pracmcal use. (Reference 2 )
The coefficient of the component of the air force at right angles to the chord is

Cx=0, cos a+ (sl .

Hence the center of pressure can be computed from the moment coefficient, the lift coefficient
and the drag coefficient by means of the formula

Ox _
C.P.=26% —r et orsm s 100%-

C. P. denotes here the distance in per cent of the chord from the leading edge. The moment

coefficient is derived from the moment itself by dividing it by the dynamicel pressure V’ and
by the product of the wing area and the mean chord of the wing.

In the figures the lift coaﬁimentTLq is plotted upward. The induced drag coefficient for an

aspect ratio of 6.85, the observed drag coefficient, and the moment coefficient -c% are plotted

against the lift coefficient to the right. The value of the angle of attack is inserted along the
lift-drag curve. . '

Figures 3 to 8 refer to thestrut section. The moment is expected to be zero and is nearly so
in the figures. The small difference can be explained by taking into account the effect of the
finite curvature at the leading edge. The reader will observe that at high pressure the wing

shows a marked improvement; the minimum and the mean drag coefficient decreases, while the

lift coefficient increases from 0.79 to 1.1. Figures 9 to 14 are corresponding tests with a cambered
section of the same thickness. Here we observe the sgme decrease of the drag coefficient when
the Reynolds Number increases, but the maximum lift keeps about constant: It just happens
to be slightly larger at 16 atmospheres but resumes its old value at 20.9 atmospheres. The
moment curve in Figure 12 coincides with the theoretical vertical straight line quite closely.
Figure 14 gives the results for the same model not painted. The. increase of roughness was
easily felt by touching the model. The difference in the result is, however, of no important
magnitude.
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The remaining tests, Figures 15 to 19, were made on the cambered section with different trail-
ing edges. The thick rounding of the rear edge of course increases the drag but does not other-
wise change the ¢haracter of the result. The same holds true for Figure 20 with the square
trailing edge.

DISCUSSION OF RESULTS _

The tests suggest the general rule that at a full Reynolds Number the cambered wing has a
smaller drag, the symmetrical section both a smaller drag and a larger maximum lift than in the
old type wind tunnel. The roughness of the surface and the sharpness of the trailing cdge, if
reasonably chosen, have no influence cn the results. The results, as those in any wind tunnel
should not be scrutinized too closely and not too literally interpreted. The new tunnel will
show the direction and the way to the improvement of aircraft, but the results with a square
wing alone in an airflow without fuselage and propeller can not give absolute information regard-
ing the air forces an the wings of a real airplane. However, the results obtained give us the
right to expect confidently consistent and qualitative results from the investigation of a sys-
tematic series of wing models now to be taken up, as likewise from later studies of wings with
ailerons and of combinations of several parts of the airplane at full-size Reynolds Number.

TABLE 1 —... - ... TABLE III .
%EOCEK:)PE%NN%O'QN' L. C. AL 07 FIGCTITIOUE ASPECT RATIO, EE&E}}T%NN%OhN' A.C.A.97. TFICTITIOUB ASPECT RATIO,
%1;1%1:1 %o n;zN 733 om A:YEilAGE TEMPERATGRE, %%"b%%laNi 70-?;,'}101,1 Agg%AGE TEMPERATURE,
] o 12,7 om . 0y Lde [
AREA, 0.0968 m? PRESSURE, 1 ATMOSPHERE. ﬁggﬂé 0-0§68 m;) AHE)%‘?%%R%RSESSURE' 8 AT-
ASPECT RATIOQ, 6. REYNOLDS NUMBER, 175,000. ECT RATIO, 8. R OB COMBER, 11450,000
A » 1,450,000,
Angleof | ¢ Lift . ‘ Angleot | ¢ Litt | Drag coet
attnck, kg 57 Litt \éiefl Dra%soef. ggfm%z‘l: attack, Xg A me?:od D :oet.
degree mt kg . degrc_ae mi kg
- 41 | 8| e o
—1L8 7.4 —0.18 | —0.088 0.0368_| —0.063 =9, - - .
| BE| CE) m®| Ce| k4| 1) @) | m| o
- B % (387 To287 156 a3 248 1024 1429 L0314
—28 25 L% 482 Lz -7 1.6 246 1240 8 0284
~17 .5 .47 - 861 R -7 d - 48 1448 - 608 L0323
—4 278 L6 - 641 ~038Y —. 180 T8 246 18.77 705 - 0395
.8 05 L95 ] . 0440 — 20g 21 48 18. 5 T8 L0463
21 2.5 218 20 S0529 — 1% L2 A48 20,58 .884 0548
3.2 275 240 - 004 . 0601 —127 50 246 2439 103 L0740
50 2.5 2.81 1.05 < 0808 —13 1.9 246 7.3 L4 . 0058
7.9 27.5 32 121 0681 —117 0.5 246 20.8 1326 L1250
10.5 2.5 351 1.82 a2 | — 5.4 248 3LT77 1.34 S1858
13.4 205 3.62 1.38 L1585 —. 048 T 248 32,41 136 . 1889
4.7 27.5 8. 43 1.37 L1781 —. 024 159 26 32.31 1.36 L2023
156 7.5 260 138 1970 — 037 17.0 246 32.83 136 L3276
17.0 2.8 L8 138 -3180 —. 005 18.4 240 3106 1.35 .2814
184 2.5 256 134 024 los 24 3Lof 13 L2800
- s 223 23 30. 62 1.31 COUER
TABLE II - -
SECTION NO.N.A.C.A.97.  FICTITIOUS ASPECT RATIO, TABLE IV
SEAN G }‘;‘ﬁ 78; 2 0m AVERAGE TEMPERATURE, %Focgé%NN%(_)b N. 4. C.A.%. FICTITIOUS ASPECT RATIO,
- . cm . D
AREA, 0.0068 PRESSURE, 41 ATMOS- Ghokn oIN. arem ~ ‘yee oF TEMPERATURE,

7 C.
AVERAGE PREBSURE, 16 AT-

0. m?
ASPECT RATIO, 6.
MOSPHERES,
wne . REYNOLDS NUMBER, 2,810,000

PHERES, :
REYNOLDS NUMBER, 740,000. R OO 6.

1 S e enae MRER IS0,
Angle of g Lift b
attack, kg . L | mem' Dmﬁi‘mr . Angte of it Lift Drag 1\%%‘3:?‘ Moment
degres . mt - kg L o attack, _ﬁ_; L coef. coef ok | coel
. ‘ﬁ . : _ degige_ m? kg Cr (471 kg-om Cu
1.8 1 TLaes o e 0.0 —~118 | &4 [-inoe | —00 | comse | 130 | o217
—a7 122 101 160 L0121 Cii o) 4 -0l ) o) TR o
vy 12 <15 1349 L0184 - : :
T2 1z L1 u pirs Zgp | a5 | 163 | lam | oo | —sse | —1m
o338 1z 552 4 Py ~xg | ms | 2u0e | 4 | ‘088 [ —see | ~1m
1.8 Z | ... 84 -4 0287 “to:| m | U 8 | le212 | 202 | — 32
-4 122 - IE - N . 2 | ny 281 | —50.8 | —.070
21 122 0B ‘&8 10460 SN A e
3.3 122 10. 81 N - 0535 1) = )T -0418 =
32 12 L oy - 0538 %3 | @4 | m | .85 | .05 | —87 | —130
79 12 1209 L1 T oumg B4y s bLOS | L0 ) .0M3 ) —BZ.E } —.130
108 123 15.10 Lir (1305 T B Bn| bR uR|CRE)
134 123 156 | L5 L1807 s | o8 | 8538 | L3 ) -GSk .08
14 12 1o 142 . -1 123 | a8 | s | LM 108 | —ere | — 104
11 12 1677 138 1327 154 | =26 | emoo | L% | 1660 | —89.5 | — 130
17.0 122 wer | Lm “2240 Wil Do me | B DR EY R
184 12 15. 50 bR T : - -
lag 2 B L3t uR 7.0 | mr | e | Tar | Zme | —se0 | — 1
aL1 122 15,00 ! 127 S2058 B | @ ®u ) Lu - 7 k-
23 120 wm | oLw - 3200 21 | 528 | 6565 | L30 | .00 | —eas | — 150
S T -1+ St Sl St e St S

Pt e o e A d o C



PRELIMINARY WING MODEL TESTS 209

4 A.R. 5:29/5 G, > A.R.685/6,
~ \h 7o 5* __Té‘-‘\\ i =
G‘\ M . / . ./7Po I /8 -
12 \ 7 12 7 %
Al A% Vi
10 . 1.0 '
o 1
08 a8 -
/17 1\ /]
171 % - LI
06 17 a6— i
“ad “ad 11}
o4 ] — a4 / =3
[ R g .. o~
ez N // N.A.C.A. 97 2T NACA 7
0.0 }\)'(i/_\;r‘ oot
—aE .

00 04 .08 ./26;./6‘ 20 24 28 ¥ a5 ps 08 JE2 6 20 27 28
G

e -of -02 -03 -04 -05 -06 -07
G.fabout quarter chord]
FI16. 9.—Test No.58-1. Tank pressure 1.0 atmosphere. Dynamic pressure F15.10.—Test No.58-2. Tank pressure 4.1 atmhospheres. T)ynamic pressure

g*27.5 kg/m?, Reynolds Number 175,600 ¢=122 kg/m?., Reynolds Number 740,M00
T 1] I} T A
A R. 885 A R EE854G,
1.4 // G _ ) 1.4 o // m— -
/5° Lfe 2" 16—
T cA A
pd \ 2
1.2 % - 1.2 % o)
. /(9' /
1.0 [t 1.0 Al S5
/ Y/ /Y
. Voo
08 / £ 08 / A
/
y of
sl : as, A /a
1/ /i
/ - [
o4 /] =3F o4 ] 3°
L o -
a2 / 5 az = §-
. MACAS7 MACAS7
a0 = ao =
-02 -az
.00 .04 08 N/ G iy 20 24 28 00 04 .08 f2 G f6 20 24 28
' g -0/ -2 03 04 05 -0 -07
C.{about quarter chord]
FI1G. 11.—Test No.58-3. Tank pressure 8 atmospheres. IDynamfe pressure F16.12.—Test No. 58-4. Tank 16 atmospheres, Dynamie pressare

q=246 kg/m?. Reynolds Number 1,430,000 g=324 kg/m?. Reynolds Number 2,810,000

I



210 . BEPORT NATIQONAL ADVISORY COMMITTEE FOR AERONATUTICS

y A.R.685/6, o, AR, 5.29/5/'*0,,

//- /5" B e / /!7{71.' m.
le ‘ 7 // Ch 1.2 o \,7 7 7 9 ~
1.0 /1 fe| i 1.0 AW

// | /v/
\?° o ‘?.
. 08 / / 0.8 / /
os——-1- as——fHfo:
hymrr T
o =3¢ o4 <k
s T
02 / -6 : 02 XA
| macas7 ] NA CA 97
00 T - = 0.0 —5
oo 0 08 2 5 20 2 26 o0 .0fd .08 72 GJG 20 24 =28

o0 -0/ -0 03 -04 -05 -068 <07
Cu{about quorter chord)

F10. 18.~Test No. 58-5. Tank g.ressure %0.9 atmospheres. Dynamic pressure  Fig. 14.—Test No, 81-3. Tank (Eremure 16.7 atmggheres. Dynamlc pressure
g=705 kg/m?. Reynoldy Number 8,850,000 =587 kg/m?t. Reynolds Number 8,080,000, Airfoil painted

y A.R.685 /0, ,-:f AR.6.85/5,
- TR /L e
R - 4
12 A ik 12 / 4
4 | . A/ //
1.0 /1 fo 1.0 /| &
/1 f /

e
08 /L2 : 08 /1 A

06 / ’ G0.6‘ / [

RS EEE e L

a” o \\ a" I
o] = T
“ NA.CA 98 -6 NACA 98
~
ao 0.0
02— 0f 08 Iz L5 20 2 28 0206 04 08 12 RIS 24 28

F16. 16.—Test No. 57-1. Tank pressure 1.0 atmosphere. Dynamie pressure F1@. 16.—Test No. §7-2. Tank pressure 4,15 atmospheres. Dynamic pressure
¢=27.8 kg/mi, gteynolds Number 176,000 ¢=123 kg/im?, Reynolds Number 756,000



PRELIMINARY WING MODEL TESTS . 211

AR 6‘,[85/"6;.l AR 685/G, l .
1.4 - . - /4 T ‘
A7 /8 / Pl /8
//‘ O - d -
12 d 1.2 -
NAVC avis
1/ A |
1.0 /6" 1.a .
08 / /e a8 7 /3'
y }r ¥ /
0.6 h as 7%
1/ VA
¢« * T
04 / - 04 35 F
.2 |-
0z 176 NA.CA.98 G G | NA.CA 98
ao 0.0
\ )
V2= i 08 12 L 20 2 26 o5 07 o8 12 L5 20 24 28
00 -0f -02 -03 -04 -05 -06 -0.7
Gufobout quarfer chord]
F1e. 17.—Test Noq.r :;(;k’g[gf Rm d%’%_ mgﬂﬁmDmmhpmssum F1a. 18—TestN;=g14.k g[q:‘;lnk res%rled;% ﬁﬁo&%& Dynamie pressure
T A.R. 6.90 ] ]
1.4 ARG/ G 1.4 aTk A% ’,J"*/s‘ 7T
/ " ads I/ 72
/)4/ /5 ‘1804\* Y.
i 12 2 J
’2 Aav,a Y/
6.
1.0 / /ee 4 Lo //
30
2 // /J- 08 // Vi
f 2 1F
0.6 / /."({)‘ O-G //
“ I Sy
o4 04 3°
[ 1-31 [
A a":’ -
o2 Toe NA.CA 38 ¢ NACA S8
o0 ag 5
-02 l -02 y
Q0 0F 08 JF 5 20 24 2 0 0f 08 2 U6 20 24 28
00 -4/ -02 -03 -04 -05 -06 -0.7
G(obout quarter chord)]

F1a. 19.—Test No §75. Tank pressure 20.4 atmospheres. Dypamfic pressure  Fig. 20—Test No.50-1. Tank olu.zgtmos heres. Dynmic
g=~609 kg/m?2. Reynolds Number 3,780,000 @=575 kg/m?. ‘Reynolds Nu.mgg o& square



212

REPORT NATIONAL ADVISORY COMMITIEE FOR AERONAUTICS

TABLE V TABLE VIII
i}iggé%N\%O N. A, C. 4. 97, FI%TITIOUS ASPECT RATIO SECTION NO, N.4.C.A.88. FICTITIOUS ASI'ECT RATIO,
APAN 30 TN, T2 om TEMPERATURE, 8 C. ~ ' STARF3 1. 162 e AV?RAGE TEMPERATURE
2335%39018 , 127 em PIE}E{‘SS]PSRE 00 ATMOS- GHORD 51N, i270m  * 80 '
A m
ASPECT RATIO, 6. REYNOLDS NUMBER, 65000 ﬁ‘}ﬁ(}.‘{‘%‘iﬁo. “ﬂf{ﬁf’;‘"‘ [RESSURE. 415
— P s - REYNOLDS NUMBER, 135,000
Angle of L . U6 pt eoot, | Drag oot = oo —— - —
degree mt kg Ce Ca ’;‘t‘gle °‘f ! 1{5 . t L ' Lift coef. Drsécocr..
- Halanhcieiidd degred | m# ] kg i - v
e 3 &~ far - % . - ) ! — —_
—&7 I~ - 1076 18 L0130 == B | 0. % 0. 0'3‘;"’9;
411" 2342 -3 - 0198 wE )y sl La 23 - Lo
-28 . 2882 | it L0220 ~ o 3 ‘e g
-1.8 36.65 8 L0275 r 3 = -3 - -
—i o - B2 ~LO =2 602 1305 . 1028
-8 . . indy ‘12 < 7.08 Sxg1 @
21 B TTR4 L0672 ~ 1z % - B
&2 =2 ;s B ey o4 ! 211 78l - 0484
B 1- Lok .0 - greo &e 24 10.09 | -837 .08
z - - . gL 25 1224 Lol L0747
Ll g4 | Lz | .un BB { e fm | me | L 0ot
24 . Nz e |18 05 | . I 157, L7 . 1188
15:4 : 20,07 1.32 '2107 13.2 125 16,11 L84 L1544
o Fodd e 807 14,5 125 1610 13 R
17,6 | 87.48 L% “2730 L7 12 e Ls. -l
— — B BB B O
H . 1 h .
TABLE VI . | '
SECTION NO. N. A. C. A.97 FICTITIOUS ASPECT RATIO, o
M(gﬁllzbll‘Tr%g)' TEﬂPERATURE o C, ) TABLE IX
%PHAQ%D 51};&2'%_2?; -PRPESSIPRE 16. 73 ATMOS- %}Té}TION NO \' A.C. A, 0. FIEB'];ITTOUB ASPECT RATIOQ,
N, 12.7 ¢cm 8, -
AI}EAé0.00GS m! REYNOLDS NUMBER, 3,030,000. EI;I%R%O Elgﬁ761§$mm -&‘;;%AGE TEMPERATURE,
ASPECT BATION6. - e ‘A&E&A%E §§§HSURE'32 AT
Angle of T Lift Litt Drag | Moment | Moment B Ay
attack, : kg L coef. coef. about coef. t REYNOLDSNUMBER, 1,420,000
degree mi kg [/ Co c/4 Cxu A;] of P i i it Drg
1.0 ' Ee§ | —12.36 | —0.226 | 0.0181 “06.8."| —0 139 rel ke = o %
Sl W | e | e e | e e | : - -
Z45 | ss | e | s ofolomm e 4 .8 -018 -0 pouT
—32 | 56 | = 406 | Co1se =E8 o 2901 117 - 0168
—19 | 58 | =’ o | e d 4 o5 7.44 aw ~0a00
-1 | ge) m | e S Bl R B o=
18 | 88 | 481 i7es | 0421 Bl 258 16.81 L6T4 T 0401
3.0 569 45. 97 . 822 . 0518 . _‘11 2R 1&7§ . 752 0230
8.4 560 55, 45 1.0l L0723 8.3 458 20, 87 .837 . 002
7.6 | 565 6. 53 L11. L0884 34 8 24.85 . 995 . 0733
10.3°; 570 [+ 70.51 1.28 L1212 7.8 . 28 28.02 112 0030
132 | b66 | 7287 | 1.31 S50 (%] . a8 L33 1.3 B
14.4 564 7028 | 129 1783 1 a8 .43 L34 1831
15.6 584 6. 89 1.93 . 2186 & 256 33.92 1.37 L1748
1.8 | 584 | 6452 | 118 .2458 i&; % &iﬂ; %gg gﬁg
— a1 w| o L8 ud
TABLE VII ‘ 27 257 3451 ] -2041
SECTION NO. N A.C.A.88 FICTITIOUS ABPECT RATIO, o
MODEL NO. 6.85. -
SPAN 80 N . o1 2 em A\;ERAGE TEMPERATURE, TABLE X
cm
AngAc%wﬁme ] PRESSBURE, 1 ATMOS. SEC’I‘I’GN No, N A CLAL 08 FICTITIOUS ABPECT RATIO,
T REYI\OLDS NUMBER, 176,000, SPAN ao o X ,az em TEMPERATURE, 42.6° C.
L 27em J%%-SE?EEE 1044 ATAMOS
e ¥e L Lg_t Litt coef. | Drog coef ASPEéT RATIO, 0. REYNOLDENUMBER, 2,850,000
degreo mt . kg R -
. T Angleol| @ Lift LAft Drag l’g%gﬂz{“ Moment ,
—81 27.8 | .. a0 0.037 ' Q. 0632 attack, kg 2 cocf, ooel. o/ ecel. |
—6.8 8 1. .88 141 . DeRY degrf__ m? kg Ct Cp kg-cm Cx |
—5.7 2.8 |30 .0 L223 L0778 ~| T . - _
—d4 2.8 Jio 1336 - 0290 -
-29 7.8 115 a2 L0814 —92 | 56 | —a95 | —com | oo [ —00e |—0.150
-1 28 138 515 S 0347 —6.8 | &7 0 b4 4% .oles | —1830 | — 281
—d as | -. Lee -621 L0413 -4 | 5 | 1T : 0182 | —kns | =135
8 7.8 |~ ‘Lew “704 L0483 - 520 | 1e44 380 | .08 | —9L0 | — 140
21 ®o [ 21 2792 S onsY iy AR a5 | lma | 823 | 128
3.2 81 _&35 .88d . 0630 -4 8¢ W 675 | .0325 | —885 | —.182
4.5 21 |7 in _ .e8l 0T g ! sa | a2 ‘exs | .o | —87.3 | —. 133
56 B\ A8 Tl i 2Y | 8¢ | a8 a4 | lpdss | —8L2 | —IB
6.6 281 8. 12 - 0820 37 | s | 424 m25 | o534 | —853 | — 130
7.8 7.8 320 1.20 - 0605 5% | 58 ¢ sLO7 on | lons | —8L7 | — 1%
a1 21.8 3.35 1,25 - . 1078 787 534 8R.12 112 0907 781 - 112
105 7.6 R 1.34 21238 530 | o831 | 12 68 | —e5d | -1
118 2.8 368 L3 1306 1 53 | 5@ | 136 153 7.8 013
3.2 7.8 3.72 1.3 11538 Wi me2 | Te | L4 11640 | —eals | —108
45 27.6 .76 L4 1710 7| B Bo| L4 s [ —7a.2 | — 012
18,7 e | BT L40 - <1898 18 881 8| La g | —m2e | -z
168 2.8 |™7 1.30 +. 2083 w1 | & | mw | Lo e | -6 | -z
18.1 21.8 3.60 138 L2268 a5 | &0 | 7m2 | L3 o | o—ms | -z
19,5 27.8 3.66 137 2502 o7 B0 | W | L¥ ‘m2 | -8a2 | -3
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TABLE XI TABLE XIV
SECTION NO. N.4.C.A.. FICTITIOUS ASPECT RATIO, SECTION XO.N.A.C.L%. FIGTITIOUS ASPECTRATIO,
?-%‘iﬁg%’ Pfrg‘ﬁfﬁn %Egg%%%ﬁ?m‘:% 5 Crnios. EPAN 301X, B2em AVERAGE TEMPERATURE,

2i° C.
AVERAGE PREE'.:SSURE, 2.03

REYNOLDS NUMBER, 3,780,000. AFMOSPHER

ASPEL‘T RATIO e 4SPECGT RATIO, 6.

: l REYNOLDS NUMBER, 352,000.
i Angls of q it it Dreg '
| Catiack, | kg L cael” - .
degree | m kg ‘ © Ce €o - Angle of g Litt: Lift Drag | Moment
attack, kg L ceef. ecel. ecef.
—0.2 a7 —541 l —0.08%0 o052 deree | mt e ce il Cu
—&1 898 LR | .02 .0137 : = ,
A el % l -1 - —a4 | 49| -o16] —0o00 | oour | eoss
PZLs €97 3044 | “as1 l@il oyt B -B -9 -is0 - oot -
~4 626 37.98 | .563 -Ma17 : : : :
\ H S it o it 2o ! 5k L2 T ~aLig T
i il 8.3 -0 - 9 &7.5 1et ~205 ~0188 0105
i1 g 5.2 -8 -0 55 5.3 208 L3785 o221 -o50
: 56 633 66. 50 1970 S@ol o) &3 2% - - 0264 -
i 1.8 58 7530 L1i6 -0895 LR e - - -a
10.5 703 8500 | L% -1148 1.5 57.3 £18 = <0604 Lm0
: 18.2 08 9110 L -1610 e o3 g e e - o
! 4.5 o4 91. 95 135 1725 52 5-5 2.26 ° - .m _-ogm ‘ LF
: 8.7 836 92.19 13 -4 5o 57.2 3128 539 lagg | —.o%60
16.8 €96 91,59 138 2100 : : -
1.8 g3 Lz L -2 we | sz2 3% 59 12430 - 6510
10.5 699 80.89 132 - 2688 M
207 697 86.63 128 2024 :
—_— — - —
TABLE XI1 TABLE XV -
SELQR NO- A C. A 08 FICTITIOUS ABPECT RATIO, SECTIONNO.N.4.C.A.%9.  FICTITIOUS ASPECT RATIO, L
MODEL NO.10. TEMPERATURE, 20° C. SPAN 30 1N 703 © AVEBAGE TEMPERATURE,
SPAN 30 IN., 78.2 cm PRESSURE, 162 ATMOS- 04 em
LT R CHORD 5 IN.. 127 em 30.5° C. e
SREA, 0.0ocemi” BEUROT DS NUMBER, 23,470,000, AREA, 00368 mi AVERAGE PRESSURE, 4.05 -
134 - ASPECT RATIO, 6. ATMOSPHERES. -

ASPECT RATIO, 0. REYNOLDS NUMBER, 719,000 -

l .
- M
Angleof| g Lift Litt Drag bont | Moment |
e B L | w | w e ) & | F | ow
m kgem degree mi kg [#3 )
~1.7 | &7 |-1430 [ —0.280 | ecenn | —10L0 [ —0.148 a4 120 —0.48 —000 | qome
—9.0 | BT | —425 | —.077 | L0154 | —104.0 | — 149 K 120 54 . 046 .0132
—6.7 ! 51 604 100 | L0m2 | —102.0 | —. 147 19 120 158 1136 -0150
—44 | | 1m0 ‘308 | Cowso | -lme | — 148 8.0 120 248 a1y o1
-20 | &8 [ 4 a0d | Cearr | —ee1 | —148 L3 120 346 207 S0194
—L6 | 575 | o a0t | Ceess | —ers | —1a 5.4 120 47 v [ lom2
—¢ | 5[ 2n s [ o | —608 | — 14 66 120 5.38 <480 o7
8| m | =8 62 | L0396 | —1100 | — 1% 77 120 8.26 L545 ~0334
1.8 | 576 | 4237 766 | -0455 | —90.5 [ —.130 94 120 7.78 -685 :
30 | &6 | 4725 866 | 0543 | —g5.7 | —138 1L 118 932 -805 -0590
5.6 ) o7 | 8660 | 103 o735 | —g3.5 | —.1%4 12.6 120 9.52 .a17 L1125
77 smm | &0 | Li7 003l | -si2 | —131 152 19 224 S702 1088
i @ B3 chRIEf|CR) ) H B M) &) E
7 7 . - - 19, 12 A - .
144 | s66 | 7aee | L4 et | —493 | e 5.0 9 T2 628
157 | s | mer [ L to004 | —720 | 108
68 | &7 | 1 | 14 Tw203 ! —906 [ —130
AR AR IR U
207 | G2 | 7280 | Ts6 | (2008 | —onz | —140 TABLE XVI o
SECTIONNO.N.4.C.A.9.  FICTITIOUS ASPECT RATIO.
TABLE XIII 30DEL NO. 11.
SECTION NO.N.A.C.A-®. FICTITIOUS ASPECT RATIO, %%%R%“ S '°1§ 7om A o, OE TEMPERATURE,
?Pi%Ealt;JILN 76.2 cm AV%RAGE TEMPERATURE REs é TIO 6 VET]';'&AOG%HEPRESSURE 6 T
CHORD 8 1K 5 IN., - 127em %°C " ABPECT RATIO,O. SEHERES

PREBBURE,1ATMOSPEERE.

"REYNOLDS NUMBER, 1,070,
REYNOLDS NUMBER, 175,000 006

A
Asrm‘:’r RATIO, 6.

Angle of T Lift Lifg Drag Angle of 4 Lift Lift Dreg
attack, kg L coel. coef. attack, kg L coel. coef.
degres mt = kg Ce Cp degres ml kg Cr Co
—0.4 2.6 -0.08 —(. 032 0. 0186 —0.4 183 —0.68 —0.087 0.0124
.7 27.6 .24 . 080 0173 T 183 .70 L0 .0120
1.9 27.8 .48 .161 . 0188 L9 183 222 .126 . 0140
! L0 2.5 .56 200 . 0207 3.0 183 .61 - 204 0158
4,2 27.5 .72 .23 . 0266 4.2 183 821 . 205 .0188
5.4 2.6 -2 . 346 .- 0200 5.4 188 7.04 .356 . 0228
6.6 27.6 L14 427 - (341 6.6 188 8.18 .4682 0200
7.7 27.6 L44 . 53¢ . (403 7 183 0.5 . 541 (0320
9.4 27.6 162 812 . 0536 0.4 188 11.92 .872 . 0413
1L.§ 7.4 192 .12 . 0800 1.5 183 14.26 .805 .
13.6 7.4 L72 .E45 1706 13.6 183 16.42 .928 0705
15.2 7.4 L& .50 . 2034 15.2 183 18.28 L3 . 0692
16.8 27.4 1.50 . 565 . 2318 16.8 184 18.14 . 908 .1738
19.0 27.4 148 . 557 « 2504 0.0 I 183 16.04 . 908 . 2087
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TABLE XVIL - ~ TABLE XIX
SROTION N0, N.4.0,A.%. FICTITIOUS ASPECT RATIO, TABLE OF ORDINATES OF AIRFOIL BEOTIONS. NOS. §7,
MODEL NO. 1 & AND 86
SPAN 30 IN, 76 3 om AY¥RAcE TEMPERATURE,
CHORD Iﬁ127om ag° C. e .
AREA, 0.0968 mi AVERAGE PRESSURE, 83 AT- ;
AEPECT RATIO, 6. MOSPHERES, Station Alrfoil No. 97 | Afrfoll No. 98 | Alrfoll No. 99
REYNOLDS NUMBER, 1,440,000. ~-
g B ~1 Pertentot
Angle of g Titt Litt Drag’ chord Upper | Lower | Upper | Lower | Upper | Lower
attack, kg L cogf, . coef, -
degree mi kg Cr [+ i =
) , of chord 2% of chord %ol chord
17 ] 417 0 | 400 | G —-0.00
—0.4 27 —LI8 —0.047 0.0120 | 7o | "7 | 800 | .78 | 50 | —a.50
L¢ a6 8.2 -181 . | oe | 83| %60 | 30 | €8 | —£88
80 256 5.20 L209 . | 10080 | 10 | 1085 | 10 | €90 | —Lo0
42 57 7.85 .3m .0193 | 180 | .o ! 1nes | .00 | 532 | —xa8
54 258 959 1385 .0222 1230 | -00—} 1X40 | .00 | 803 | —a 03
6.6 287 11.80 478 - 0266 198 | 17 | eS| .| &4 | —a48
T 257 1366 5T L0320 1482 | .47 | 1496 | 56 | 668 | —6.08
94 258 1636 .62 L0408 1516 | .88 | 137 | Lo7 | 699 | —&.99
1.5 255 0,34 82 . 0568 | 1800 | 173 | 1530 | 206 | 636 | —6.36
15.8 257 2. 68 Lo52 L0723 | 1304 | 250 | 1428 | 287 | 563 | —568
16.3 258 26, 50 1.06 . 0889 1220 | 28 | 1260 | 8.28 | 463 | —463
1.8 57 25,71 116 .1078 9.77 | a8 | 1030 | 313 | 250 | —a 80
19.0 58 2850 116 ~1598 €87 | 230 | 70 [ 247 | 283 | -2
20.7 256 27.26 100 210 360 | 188 | 487 | 138 ] 128 ] ~L2:
187 | .er | mor | s ] .er | —er
—r- g [ 200 80 ] 0] 00| —m
TABLE XVIII leadlng 8.57 8. 587 .57
BE(_(JDDT]IE%NNNO N.A. C.A. 09, Fxﬂo%'rrlous ABPECT RATIO, %ra‘}’“ng _, o_,gs I
BPAN 80 IN., 76.2 em AVERAGE TEMPERATURE, odge. | |
CEHORD 5 IN, 12.7 em 4° C. -
REA, 0.0068 m# AVERAGE PRESSURE, 10,24
ASPEeT RATIO, 6. ATMOSPHERES, o .
REYNOLDS NUMBEER, 2,950,000, T S R — e
Angle of ¢ Lift Lift Drag quent
attack kg L coel. coef, coef,
degree mi kg CL Co Cu
—0.4 o —%2 | ~6043 0.0109 0.0028
7 . 216 .041 L0106 | —. 0084
1.9 it &7 1% LoLl7 .0012
3.0 54 .51 .218 -0138 .0028
42 B47 16.34 1300 -0185 -0030 .
54 545 20,49 .289 0201 S0100
66 54 o482 an .0248 -0080
.7 538 Pl <565 S03g2 ~0100
o4 | .58 3563 .678 . 0890 - 0180
L5 53 43,10 .823 - 0502 ~0010
1.6 540 48,81 .9%0 L0702 L0000
152 50 5582 1.08 0845 <0390
16.8 81 58.80 Loz 148 —. 0200
19.0 540 45, 85 L9028 S22 —. 0780
0.7 | . 887 4.08 388 .1180
L T T, e e o e
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APPENDIX

COMPARISON WITH THEORY
By George J. Higgins

In this appendix, the aerodynamic properties of the N. A. C. A. airfoil No. 97 are com-
puted as far as the present theory allows. This comprises the computa.tmn of the lift and the
moment characteristics at any angle of attack.

The lift characteristics.—The angle of attack, at which the lift force is zero, is first com-

puted. The method employed is obtained from the N. A. C. A. Technical Note No. 122
(Reference 3). The five-point method is used beecause of its greater accuracy.

in degrees where,

—an=F 8+ R84 a R B e

ar,=angle of attack at which the lift is zero.

f{=ordinate of the mean camber line at & point () on the chord line, minus the ordinate

of the trailing edge.
c¢=the chord of the airfoil.

an=Zff=ff, +fE ik &+ & (Reference 3)

=09. 458%,¢
z,=87. 426%,¢
2,=>50. 000%,¢
xz,=12, 574%.c
zs= 0.542%¢

f,=1252. 24 _ £,=0.13%:¢
f,= 109.048 £,=2.91%¢
fi= 382.596 £,=8. 16%¢
fi= 15.684 £,=6.31%¢
fo=  5.978 ' £=3.T1%c¢

—ap=2f£=1.63 +3.17 +2.66 4-0. 989 +-0. 222

ttzg= —8.871° ~8° 40"

This value agrees well with
the observed value. A graphi-
cal determination is also made
by the two methods shown in
the accompanying -diagram
(Fig. 21).

The angles determined
there are:

One-point method,
aze=—9° 15’

Two-point method,
ar,= —8° 50/

The lift force and the lift
coefficient for any other angle
of attack are obtained from the
following expressions (Refer-
ence 2): .

348—261‘—-15_

™
Y o
NS Sh
4 N AN
S U Q pirecfion of airflow | g O &
3 ;‘ Y forzero /i S« Direction of air flow % e
ON - Bw (fwo point) far zera /i AR S
CE == (orne point) Pn QS
gt / e —— 0 gt :; '
ﬁ ;5 ey i " \Meon camber|line ===
a g/ 20 0 &0 w7 &
d L : - chord, "
W Direction of airflow for zero moment (around > 7 88
N )
QN . 3
¥Y 8
Ir rx
~‘I: 8%

F1a. 21.—Angles of zero lift and zero moment (a.rou.nd ohgrd)‘ Afrfoll N. A. C, A, No.97.

Found by computation

L=2xc¢ (radza.ns) 3 7S —==
_2%a (degrees) ¢S
57. 3[ 1+55 bs, I
=L L 2xa (degrees)

g8~ 258
57.3 [1 + b,g |

2S
1455 7
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where :
L =lift force

a =angle of attack

p =density

V =velocity

S =surface area

b =span :

¢ =dynamic pressure . A
For the N. A. C. A. No. 97 airfoil,

8§ =0.0968 m?
C= 2ra (degrees)
2 X .0968
57.3 | 1 +_——(.762)’ I

b =0.762 m.
=,0822 o (degrees)

a0
= (degrees) =,0822
The slope of the observed lift coefficient curve has a magnitude that is about 86 per cent
of that computed.
aCu
do
The moment characteristics.—The angle of attack, at which the moment about the 50
per cent point of the chord is zero, is computed first in determining the moment. The method
is also obtained from the N. A. C. A. Technical Note No. 122 (Reference 3).

ctuy = 62.634 [%—%’]
where,

axo=angle of attack, at which the moment about the 50 per cent point of the chord is

Zero.
¢=ordinate of the mean camber line at a point (z).on the chord, minus the ordinate of

the trailing edge.

(observed) =.0710

z,=95.749 e. £,=1.03% c.
2,=4.269, ¢. £,=4.679% c.
asty=62.634 (1.03 —4.67) .
= =2.28°~ —-2° 17/
A The graphical construc-
Loy - tion shown in the diagram
: (Fig. 21), gives:

Oy = ~— 2° 20’

k = : #Z. .. T 7 The effective angle, cor-

""" . responding to the lift at the
Z e - angle for zero moment, is next
Chord line when airfoll Is in position for zero fiff determined from the values of
Chard line when airfoll Is in position for zero moment (abouf "’;’"’} the angles for zero lift and zero
Flo.—23 : — ... . _ moment (Fig. 22).

ar, =angle of attack for zero lift =8° 40/
o, = angle of attack for zero moment=2° 17/
ar =effective angle. .
ar = Opg— Qg

=8°40'-2° 17’

=6° 13"~ 6.216°
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When the airfoil is in the position such that the moment about the 50 per cent point of
the chord is zero, the resultant force passes through this point. Neglecting the moment due
to the drag force, which is very small, the moment about any other point on the chord can be
computed by obtaining the product of the Iift force and its lever arm about that point. By
this method, the magnitude of the moment about a point at 25 per cent of the chord is deter-
mined. This moment is theoretically constant for all angles of attack and values of lift. When
plotted against the lift, the curve will be a straight line parallel to the lift axis.

S =€

2577,
57.3 Z+b’

M=Lxl=

where:
M=moment about 25 per cent of chord

L=lft
l=lever arm = —%

¢=chord =127 cm
az=effective angle of attack=6.216°

g=dynamic pressure =530 kg/m?

8 =surface area =.0968 m?

b=span =.762 m

M= 2x X 6.216 X 530 X .0968 X (— 127))(.994 —83.0 kg cm

57.3 [1 +2X.0968 O%Sjm
(.762)?

M —83.0

Cx= 8~ B30 % 0068 12.7~ —0-1275

e A.R 685/,
AT 5
. / 72
1.2 .
1av
10 arah
06 /f /”"
S LT
o4 / _31 l
0z | —
67| NA.C.A.97
|
ao '
19| | Observed G,
| | Fredeulated 6,
-0z o

0080 2 76 20

00 -0/ -02 03 -04 -05
 Gufabout quarter chord)

F16. 23.—Test 80-7. Tank pressure 15.9 atmospheres. Dynamfc

pressure q=-530 kg/m?. 1ds Number 2,920,000.
with two skids yne !

The computed and the observed values of moment coefficient are shown in the chart of
observed values for the N. A. C. A. No. 97 airfoil, Figure 23, for purposes of comparison.



