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STANDARDIZATION TESTS OF N. A. C. A. NO. 1 WIND TUNNEL.

By ELLIOTT G. REID.

SUMMARY.

The tests described in this report were made in the s-foot atmospheric wind tunnel of the
Arationd Advisory Committee for Aeronautics> at Langley Field, with the primary object of
collecting data on ~he characteristics of this tunnel for comparison with those of others through-
out the world, in order that, in the future, the results of tests made in all the prkwipa] labora-
tories may be interpreted, compared, and coordinated on a basis of scient.ifical.ly established
relationships, a process hitherto impossible due to the lack of comparable data.

The work incIudes tests of a disk, spheres, cylinders, and airfoils, explorations of the test
section for static pressure and velocity dist.ribut.ion, arid determination of the variations of air-
flow direction throughout the operating range of the tunnel.

INTRODUCTION.

AIthough tests similar to the ones described herein have been carried out at nearly all Iarge

laboratories, the systematic exchange of a comprehensive series of models for test under stand-
ard operating conditicins, with the object of standardization, has ne-rer been accomplished and
so reference to truly contemporary work is impossible.

The’( Standardization Tests” of this report consist in drag determinations on a disk, spheres,
cylinders (axes perpendicular to air flow) and siditude studies on a series of four U. S. A. 16
airfoils. MI these tests were made under standard operating conditions.

With spheres, considerable additional work was done to ascertain the effects of turbulence,
method of support., etc. This last division of the data, be~~ extraneous to the present report,
is avaiIabIe in N. A. C. A. Technical Report N’o. lW5.~

DESCRIPTION’ OF THE TTJN-NEL.

The atmospheric tunnel at Langley Field is of the open circuit., c~osed throat type. It is
show in longitm3inaI section, with its housing, in Figure 1. The tunnel itself wi.11be seen tO

consist of portions of two parabolic cones connected by a cybder. The over-aII Iength of the -
tunnel is approximately 50 feet (15.2 m.) and of the cylinder, 11 feet (3.3 m.). The cross-section
is everywhere circular, the diameter of the throat. being 5 feet (1.52 m.).

In plan -riew, the tunnel is symmetrically located in a room 40 by 76 feet 2 inches (12.2 by
23.27 m.), but reference to Figure 1 shows the center line closer to the floor thari to the ceiling.

The bakmce room is entirely closed but., as it is not absolutely air-tight, four ‘(bleeder”
openings of about 200 square inches (O.13 m2.) total area have been cut in the tunnel waIIs just
within the downstream wall of the test chamber (see Fig. 1) for the purpose of reducing to a
minimum the pressure difference between throat and balance room. In this way Ieakage
through the inevitable openings in the throat section is made neg~~ible aad the ah-flow direction
is rendered immune to the influences of changes of leakage into the balance room.

The devices used for air-flow damping ~d correction are:

1~~~~l~oN~tf~~~d~.~~ ~~~~i~t~r,2~&~~~,~~t~~~l’~h~i~~~~~~t~&T&]~~~ l@&l s~~~fi~ad m~~Efi&tOn~h~E~~~t~~f~~d
Tunnel Tests’’-l3’3.
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A honeycomb, in the mouth of the entrance cone, made of 2+ by 12 inch (6.35 by
30.48 cm.) conical sheet-metal tubes whose ends defie portions of two concentric spherical
surfaces.

A ~ery fine honeycomb of $ by 3 inch (0.95 by 7.62 cm.) tubes which is mounted on
two pairs of sliding.’ trunnions at the front of the throat section, thus ‘providing for a
smaIl range of universal an=gukr adjustment.

A honeycomb of 2+ by 12 inch (6.35 by 30.4S cm.) cylindrical tubes at the back of
test section.

A “ squirreI cage” torque reactor and Btit plate deflector ai the end of the exit cone.
(See Figs. 1 and 2.) The squirrel cage, in -which the vanes are obliquely set with respeci
to wdii so as to. neutralize the rotation of the air cawed by the prope~er, is partia~y
cIosed, and nonsymmetrically so, to correct for the dissymmetries of the whole tit allation.
These devices combhe their effects in such a -way that the airflow through the tes~ section

is very smooth and constant. A velocity exploration across the horizontal diameter showed
iha~ while there were smalI variations from poin~ h point (+1.5 percent from the mean beiw a
ma-xirnum} these irregwkwities are constant with respect to time. It was also found that the
&ag stint of the wire bzlance produced a ~ake of about 2 inches width in ~hich the ~eIocity

was 10TVbut within the Iimit given above.
Static pressure was found to have a linear gradient over most of the length of the tesi sec-

tion, m shown in Figge. 3, and the value of this gradient is .aIinear functio~ of dtiyntwnicpressure.
(See Fig. 4.)

Fh-.. z.—End of exit cone.

POWER EQLTP31ENT.

Power for operating the four-bladecl, 10-foot (3.05 m.) prope~er is fwfihed by a 200-~.
D. C. motor. A specially designed system of electrical regulation operates on both the dri_re motor
and the motor-generator sei which supplies the current and ser-res to keep the propeller speed
constant. This reguhting mechanism is quite complex and will not be discussed here as a corn-
pIete description may be found in X. A. C. A. Technical Note No. S1. The regulators will maim
tain any speed between 7 (22 ft.) and 40 mete= (131 ft.) per second within approximately+ 0.1 per
cent. For speeds beIow 7 meters per second, a potentiometer circuit is cut in and with the
voltage reguIator in operation, air speeds may be held constant -within the limits of measurement
stated in the following section.
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AIRSPEED MEASURING APFARATUS,

The speed of the air stream is measured by a standard N, P. L. Pitot tube coueci,ed to a special
micro-manometer. Details of the Iatter instrument may be found in N. A. C. A. Technical
~OtO NO. 81. With it, the Pitot head may thus be accurately read to 0.1 mm. of alcohol. The
Pitot tube is mounted 1 foot (0,31 m.) upstream from the fine honeycomb and the orifices are
approximately 15 inches (0.38 m.) from the tunnel wall. The head it indicates is not the true
impact-static difference at the center of experimental section, and thk is taken into consideration
by a calibration of the “Service Pitot” ag~inst an identical tube mounted there, This installa-
tion is peculiarly advantageous for very close work since the location of the Pitot is so remote as
to be entirely unaffected by any disturbance around a modeI under test.

BALANCES.

In the course of. the tests, three balances wera used. The work on cylinders, the disk, and
spheres was done on the N. P. L. type balance. A complete description of this instrument will
be found in Technical Report No. 72. The accuracy and sensitivity have been somewhat
improved over those of the original installation through the use of an improved main pivot.
This now consists of a single steel ball riding on three srnaHer balls which are supported in a
hemispherical cup.

x ~Experimenfaf section F{

FIG. 3.—Stat.icpressure gradient.

4
’11’ ‘ “ / ‘

~ /“2 / ‘< i I A
r f , , , I

“H+’FH-

FIG. 4.—Variation of static pressuregradient with dynamic pressure.

In the airfoil tests use was made of the “wire balance.” This apparatus, schematically shown
in Figure 1, will be seen to consist of two independent bala.ncesl each of which measure one
component of the air reaction. The Mt balance is simply a special Toledo scale in -which a
platform deflection of 0.050 inch (1.27 mm.) corresponds to a force-of 10 kg. (22 pounds). Its
minimum reading is 0.005 kg. (0.011 pound). The drag balance is a simple beam on knife
edges; its stability and.damping are adjustable and it will consistently check readings to within
+0.0002 kg. (0.0004 lb.),

The method of transmitting the Iift to the Toledo balance warrants no comment as it is
accomplished through four vertical wires in tension, The drag forces, however, am transmitted
to their balance at 90° to-the direction of application. A very rigid hollow strut, extending down
to the center line of the tunneI directly below the drag balance, carries a flat grooved pulley at
its lower extremity (see Figure 1). The ends of the .pulIey shaft are conical and ride in polished
instrument sockets. Instead of carrying the drag wire around the pulley, a narrow strip of
0.002 inch (0.05 mm.) shim steel is spliced in to avoid stiffness at the section of contact-and the
friction of this system is imperceptible for any loads thus far encountered.
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PROCEDURE AND RESULTS.

TEST OF DISK.

Drag determinations were made on a 15 cm. (5.91 inches) steel disk of 1.59 mm. (0.06 inch)
thiclmess. The back was chamfered zt 45° to give a Im.i.feedge periphery. The disk -was sup-
ported on a right an#e spindle attached to the downstream face. The vertimI section of the
spimile was shielded in a fairing; the horizontal arm was 20 cm. (7.87 inches) in Ie@h.

Drag was measured on the N. P. L. balance and the observations cover the entire speed
range of the fmnneI.
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DISCLY%IOX.

TabIe I-cent aim both test data and calculated coefficients for the disk; the -raluw of drag
and CDare plotted in I?igges 7 and S.

NTOunusual results were found in this test; the coefficients agree very well with those found
previously in several laboratories.

TESTS OF SPHERES.

Two wooden spheres, 1.5and 20 cm. (5.91 and 7.S7 igches) in diameter were tested throughout
the speed rm-yge of the tunnel to determine the behavior of the drag coefficie~ts under the
standard testhg conditions. The spheres were of laminated wooden construction, gauged to
wry cIose Emits of sphericity, and finished by rubbimg down several coats of spar varnish on the
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surf ace of each one. Brass plugs, threaded to recei-i-e a spindle, were built in, the plugs being
filed smoo~h and flush with the surfaces.

Measurements were made on the N. P. L. balance; the set-up is shown in Figure 5. Two
spindles were provided, each having a horizontal arm of such Iength as to separate the sphere
and the vertical portion of the spindle by one sphere diameter.

~.. -—-— -.? -.——— = .—

AWL. .9s!ar?ce

FIG, 5,—Spherrset up in wind tunnel.

Considerable difficulty was experienced with the stability conditiom while the airl’low passed
through the transitional regime but repetition of the tests gave excellent checks of the results.

Experiments with a dummy set-up showed the support drag to be negligible so the drag
coefficients are calculated directly from balance readings. .

DWCLK%S1ON.

Tables H and HI contain the data obtained from these test-s. Actual drag forces have been

plotted against- Reynohk number in Figure 9 to show the magnitude of the unstable region of

\ 1 1PI 1 t i I ,, ,1,,! I r
.06 I \ I I I I 1 Illl!llt

I t! r I
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FIG,9.—Resistanceof spheres.

flow and to demonstrate the change in slope of the resistance curves at Lhat-stage. The resist-

ance coefficients CL= ~ (d being the sphere diameter), are plotted in Figure 10.
qd’
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Two points of great interest stand OULamong the results of these tests. The agreement of
the two sets of coefficients constitutes a remarkable confirmation of Reynolds law-. The dis-
crepancy eiist@ thro~~h t-he transitional stage is attributed to the ‘(scale effect of turbulence.”
Also, the texture of the airflow is shown to be quite unusual by the occurrence of the critical flow
r@ne at z very high value of Reynolds number.
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FIG. 10.—RessWmrecoefficientsof spheres.

It wilI be remarked that the values of drag coefficients are extraordinarily low .ascompared
with those obtained by previous investigators, but this seems quite logicaI in view of the effects
of turbuIance and support found in later tests and described in N-. A. C. A. Technical Report
NTO.185.

TESTS OF CYLIN3ERS

A series of bests was made on right circular cylinders with axes perpendicular to the airflow
direction. The c-ylinders were of length: diameter ratio 5, and made of steel Their surfaces
were brought to fihe final polish -with crocus cloth.

The drag measurements were made on the N. P. L. b~ance. Each cylinder was sup-
ported for test by two means, i. e., on an axial spindle and on a bent spindIe which entered from
downstream. In the latter mse the Gykder axis was horizontal.

A pair of spindles was made for each cylinder, each bear@ a constant relation to the c-ylin-
der diameter. The spindle diame~er was, in each case, 0.125 tb.at of the @rider it supported;
lengths of unshielded spindIe were also proportional to the cylinder sizes. The vertical portions
of aII the berk spindIes were enclosed in a fairing and the ho~izont aI arms were 3.5 cylinder
diameters in length; straight spirdes were unshielded for a distance of two cylinder diameters
below the model

For the tests with bent SpiD&S) the same spindle housing was used throughout. This was a
tapered, hoIIom form, made of larnhat-ed paper and varnished. The open, upper end was of
streamline form and about ~ by I & inches (15.88 by 34.93 mm.). To obtain proportional
interference effects when test&~ on straight spindles, a conical stream.hed form was made
up and successively truncated for each increase of cylinder size. The fairing vas so made that
its upper end had the dimensions 0.75 by 1.8 cykder diameters in each case.

In the tests wikh bent spindles it was found necessary to attach a wire to the spindle, midway
along the horizontal arm. To eliminate any possible constraint by this device, the wire was
fiaken off in such a direction that, if prolonged, it -would pass through the balance pivot. Using
fine wires, the additional drag was found negligible.

Vibration also became excessive during the testi of the largest cylinder on the straight spindle.
Here, again, an auxiliary wire was used. In this case, however, one turn was made around the
middle of the cyIinder and the two ends were attached to the walls of the balance room, each
approximately 8 feet (2.4 m.) from the cylinder. Care was taken to introduce no drag com-

.—
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ponent with the attachment of this support and, as before, the additional drag of the wire was
found to be negligib~e.

Spindle drag was neglected in the tests with bent-spindles because, with the cylinder other-
wise supported, the drzg of the spindIe behind it was found to be always less than 2 per cent of
the total. To determine support drag for the tests with end spindles, dummy wooden cylinders
were made with an elliptical hole in one end so that they could be supported to give tke same
general flow around the “supported” end and yet allow the spindle enough freedom to permit
the measurement of its drag.

DISCUSS1ON.

Tables IV–IX present the test data The drag coefficients, shown i~ l?igurcs 11 and 12,
D

were calculated as CD= ~o~ wherein S is the cylinder’s projected arefi. Horizontal buoyancy
-z

is neglected.
/./
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Fm. Il.—Resistance coefficientsof cyIinders.
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It is of interest to-note the apparent modifications of flow introduced by an end spindle
and the fact that even with back spind~es the agreement-of coefficients along the Reynolds
base, is not good. It seems quite probable that the scale of turbulence may be a.n important
factor here as in the case of he spheres. As the interference of the support has not been studied
extensively, a complete explanation of the discrepancies is impossible. It would seem. from
these tests, however, that the cylinder of finite length-diameter ratio behaves so errvtimlly
as to be of Iittle use for comparison between tunnels.

SIMILITUDE TESTS OF AIRFOILS.

Four stee~ airfoils, U. S. A. 16 profile, of aspect ratio 6 and spans 45, 60, 75, and 90 cm.
(17.71, 23.62,29.52, and 35.43 inches), respectively, were tested throughout the useful range of
angle of attack, lift and drag being measured at a series of airspeeds. Figure 6 is a photograph

of the 15 by 90 cm. (5.9 by 35.43 inches) airfoiI on the wire balance; the general scheme of the
apparatus is shown in Figure 1.

A1l the airfoils were tested twice at each speed—first erec~then inverted—so that when
a polar is drawn through the points which divide, equally, the distances between corresponding
points of the polars calculated from the two sets of data, the effect of misalignrnen t of the balance,
with respect to the airstrea.m, disappears. These pairs of runs also furnish the data necessary
for the calculation of true direction of airflow by the method of maximum L/D ratios.
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Careful determinations of wire drag were made by successive substitutions of tmo “spacers”
of small steel rod for the airfoil The variation of D. mi~h angle of att%ek m-astaken into account
onIy in the case of the largest airfoil; for the other three the effect was so small that &ccurate
determinations could not be made. A polar (Q W. 0.) was plotted for each pair of tests.

To get at the more basic airfoil characteristics, the pmabola of induced drag for the aspect
ratio 6 was added to each polar and, from these curves, a series of plots was made to show, on
a Reynolds number (E) base, the -radiations of proiile drag coefficients ( C’,.P) for several lift
coefficients.

FIG. 6.—I5xW cm. airfoil on wire balance.

DISCLXSION.

The data from these tests is presented in Tables ~XI-XXIX and i$he Figures 13–30 give
the resulting polars. The coordinates of these meau polars are tabukted in Table XXX.’
The parabolas of induced drag on these plots iuclude the Prandtl correction for tunnel inter-
ference.z When the original O,P vs. Eplots were made, using the uncorrected C.i parabolas, the
curves were considerably separated vertically; application of the correction grouped them as
they appear in Figures 31–35.s The interference corrections are shown in Figure 36.

The variations of air%o~ direction throughout the speed range are shown in Figure 37;
the data are tabulated in Table XXXI. The angles were calculated from the formula:

-I L

()

—1 L

()
cotan ~ – cokn —

b=
1 D,
2

— and #‘hereh& are the maximum values found for the erect and inverted tests,
2

respectively.

j N.A. C. A. Teckfcal Repozt No. 116,equation (i28), “Application of .Modem Hydrcdynaraics to Aeronautics,” 1921.
! Knmbruch (Gottingen) “Similitude Teats on.Wiig Sections” (N. A. C. A. TechnicaJNota A’o. 53), 1921. It sfw.rfd ba noted that some of

these tests were made on wings of fnfinite asset ratio and, therefore, bare an emeptionafly large range of Renmh nnmb+r.

5~z01—z+55
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~ GENERAL CORf3fE~’T.

The data collected here must be considered, primarily, as data concerning
and not the models tested there. The maximum possible accuracy has been

219

the tunnel,
maintained

throughout the tests but the coefficients derived me not intended to be interpreted as the
correct absolute cakes applying to the bodie~ tested; they are the values derived from tests
made under the conditions, and according to the procedure considered as standard at this
Laboratory. As such, our results are colIected and submitted for comparison with those from
other laboratories.

The actuaI process of shmdardization stiLl lies in the future. Even when such tests as the
series above have been completed by all the laboratories concerned, an enormous amount of
work d have to be done before any real state of standardization is attained. Since the ditTer-
ent tunnel cha.racterist ics affect the apparent aerodynamic properties of dtierent bodies in a
seemingly nonrelated manner, it would not appear plausible to attempt the derivation of a series
of empirical “Standardization Constants,” with which to coordinate rewdts obtained under
diverse conditions, but rather to adjust tunnel characteristics until all labomtories can arrive
at the same experimental results from tests of a series of standard models.

From a general survey of these tests it would appear that, of the simple geometrical bodies,
the sphere has the greatest value as a means of comparison. It was our experience that tests
of disks furnish little informfit ion other than rLcheck on the speed-measuring apparatus and
that, with the use of equally good testing technique, sphere tests furnish much more consistent
data than can be obtained from cylinders.

These remarks are necessarily cohed to the geometric bodies, as the work on zirfoils can
not be intel@ently discussed without. comparative data from the other laboratories, inasmuch
as the airfoil-characteristics are very sensitive to small clifferences in f orm+ivhich may exist in
the set tested—and to tunnel interference.

TABLE L

RESISTANCE OF 15cm. DISK.

(450kvcled edgq 1.59mm. (0.fW5 inch) thickness.)

o.M
.13
.2U
.40
.70

ix
4.40
6.30
S.70

o.C&
.147
.223
.444
. nl

HI
4s3
6.97
9.57 “3

(k!zb) G (kg) DI (h)

0.341 0-0440 0.054s
LXK9 . ..-..— . Oiol

.0339
;E . -------- .1222
6.33 ----------- . 1S??

14.78 .----.— .3+B2
25.60 ---------- .6015
40.05 ---..---– .%20
57.2 ---------- 1.298
i&5 ----.-----L?S4

I I

D (W)

o.Oms
-0261
-0399
. 07s2
. l~j
.3192
.5575
: S76

1.254
L 740

v (mfs)

2.91
434
5.34
7.54
9.S6

M.%
19.9s
25.13
29.89
3.5.01

Tempscs.ture=SOC.

Sp. gr. ofaIcohoI=0.821
~=&lB1.
.=(3.1753X10-7.

+ ( =:”)
Spindle dreg neglected.

TABLE II.

RESISTAIVCE OF 24cm. SPHERE.

L 130 0.256
L 221 . 3n
1.232 .457
L 215 .646
L 258 .852
L222 L 301
L 231 L 7E0
L% z 151
L 2<0 2.55s
1.?52 2926

3..53 0.04ss &’346 0.9s ; 32.75 0.G%2 I
0.oi35

6.38 . 0%4 .309 L 32 39.9 .1145 .0718 ;2
10.I?& . IM2 -244 L 71 4s.1 . 13W .0725 3.62
14 i3 . C926 . m Z.al 57.0 .1693 . ~43 3.94
.22.40 .0318 . Hz 236 .5&X . W-5

I

. Oilx L26
2&~~ .0924 .m53 2.68 77.3 .2464 . oi9s 4.59

.
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TABLE III.

RESISTANCE OF 15cm. SPHERE.

I :!; ‘:82! ‘:%
0:7JE “39.9 0.1(XM

48.1 . U958
10.68 .0735 . 3(M 57.0 . CQ88
14.73 .0921 .278 i% 66.8 .1122
20.40 .0944 .216 1.77 77.3
26.45 .1169 .196 2.01 824 : %
32.75 .1070 .145 2.24

c. E(x1O+)

P
&~]2 ! 248
.0793 272
.0770 Z 96
.0745 3.20
.0745 3.44
. CW7 3.6S

Both spherestested 0.4m. dovmatreamfrom fine honeycomb tubes0.9526X7,6ZI cm. (?X3”).

c.+ -E=E b’=t
v P

TABLE IV.

DRAQ OF 2,5cm. CYLFNDER.

(On back spindle.)

Iq Do DI D
I—, —

L 65
3.64
6.40

14.80
26.58
40.08
57.26
77.70

0.0020
. . . . . . . ---
. . . . . . . . . .
. . . ..-. . . .
. . . . . . . . . .
. . ----- . . .
. . . . . . . . . .
----------

0:fm;

.0179

.0378

.00$33

.1030

.1491

.2303

0.IY337
. &187
.0159
.0358
.0663
.1010
.1471
. ?.983

c.

0.718
.765

: M
.826
.808
.822
.818

Throat temperature= 14.1°C.
Manometer temperature= 19.0°C<
Sp. gr. alcohol=0.8180. .

P= O.1245.
#=0.1780X10-7.
q= dynamic pressure(kg/m~).

D =c~linder drag (lg).

C>- & ( S=projected area of cylinder in m~),

TABLE V.

DRAG OF 5cm.C?YL1hrDER.

(Ou brickspindle,)

EXIW

o.09)1
.1341
.1778
.2702
.3625
.4451
.5312
.61’33

0.548
1.65
2.29

, 3.27
6,33
9.25

13.84
18.34
27.33
36.42
57.30
77.75

0.0051
------- ..-
-------- .-
. . . . ..- ..-
----------
. . --------
--------- .
----------
,----- -----
,------ . . . .
. . . . . . . . . .
. .. ---- ---

I

o.m83
.0182
.0250
.037.5
.6336
. Owo
.1304
.1758
.2625
.3489
.5505
.7520

0.!2032
.0131
.0199
.0324
.0585
.0339
.1253
.1707
.2574
.3438
..5453

..7469

0.468
;;:

.193

: ix
.123
.744
.754
.754
. ~62
. L69

0.1015
.1769
1976

:2474
.3455
.4175
.5105
.m
.7178
. 82S0

1.039
L m

CD=3 (S= projectedar?aof cylinder in m~)
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TABLE VI.

DR.4G OF 10cm. CYLINDER.

(On back s@dIe.)

0.54
L 11
L65
L 8+
Z.11
2.37
2.92
3.6+
5.44
9.2.5

13.S3
18.41
22.%3
27.41

4—L—
0.Imxl 0.0235

.-. .-. .-— .046-s
: O&7;

------ -.. .
---------- . CB323
---------- .02.21

r-------------..m%
. 14ii

.----- —- .2147
---------- .3617
. ----: ----- .5330
----------
.----— :%
,----- -.— .99M

D CD

,
0.01s5 0.685
.cM18 .754
.05s2
.cwz :%$
. 077s .728
. Om .652
.1036 .710
.1427 . 7s3
.Zfrw . 7io
.3567 .772
.5280 .764

763
: L% : 749
.9%54 .719

T-host temperatuce=13.3°C.
Manometm temperature= 16.5”C.
Sp. gr. OIcohol=o.slw.

~=13.1357.
*= 1775X1O-7,

.,. . -7.- :kg/m~.
,,, .

Q

L 65
3.64
E!_41

14.S3
26.59
40.10
57.30
77’.7.5

o..m
;%
.3s3
.40i
.435

::

< F2
L 214
1.25Z
L 4813

I

TABLE WI.

DRAG OF 2.5em. CYLINDER.

(On end spindIe.)

:l~~<l:l=i

1&w ----—--- o.CiL53 L028 o.mi
. 017i O_CQLO .170
.Wo ;% I %-l-J %J . m.
.069S .34s
. IWl$ . W-59 .(RS7 .:87 .4X
. 1M7 . w- .1422 .195 .510
.m .0149 .1501 .i% .594

,.
CD~& (S’= projected areaof cyiiider in m~

TKBLE VIII.

DRAG OF 5 cm. CYIJIWDER.

(On end spindle.)

D.
I

D,

0.0161
.ml
.MZ3
.1450
.%=
.407?
.6010
.9136 ,

O-cm%
.0022
. CiM
.fw4
.0167
.62S3
. 035S
. 04s7

A
D

—

0.0145
.0342
.O.M
.1356
.2516
.=2
-5=2
.3&49

c.

0.703
. ;5Z

:h=
.757
.:63

:$%

0.181
.269
.357
.%2
-726
.892

L w-
1.2AQ

Throat temperature= 13.8°C.
Manometer temperature= 16.WC.
Sp. g. rdcOhO1=o.8137.

c=o. rz.ii.

.

.—.

—

,===

(@) .
CD=% (S=projecied area of cylinder in m~.
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TABLE IX.

DRAG OF 10cm, CYLINDER

OF STATIC

~

0.54
1.65
3.64
6.40

14.79
26.65
40.05
57.20
77.65
92.65

(On end spindle )

0.0234
. c+371
.1514
.2721
..6141
L 108O
L 6372
2.2.372
2.5872
2.642

0.0010
. M166
.0122
.0169
.0337
.0532
.0819
. i153
.1553
.181

0:;3: 0.202
.352

. ~87 .522

.$8 .694
L 054

:;% 1.414
.776 1.735
.743 2.075
.626 2.418

..510 2.632

Throat temperature= 19.8°C.
Manometer tem~rature= 22.0°C.
5P. gr. alcObOl=O.8171.

p=o.1230.
x=1808xl&7.
! =dynamic pressure(kg/m+.

D,= drag of cylinder and spindle (kg).
lL=3pipdle drag (kg).
B=c@der drag (kg).

C. ‘&, (S=?mojeeted area of cylinder in m!).

~=~ ~=~
v P“

TABLE X

ST.4TIC PRESSURE GRADIENT IN NO. 1 WIND TUNNEL

P,= St8ticpress.at wail plate (X= O.146m,)-static press.on tunuelaxis.
.T=Diskmce behind N-o.3 honeycomb.
q=57.4kg,lm~.
Temperature= 10”C.

Tabular data

PRESSURE DIFFERENCE BETWEEh’ TWO POINTS, WITH
PRESSURE

7.1 0.10 0.lxM4
16.0 .20 . lxd3
29.2 .40 ; ~;];
44,2 .60
63.4 . CO142
86.6 1:E . @2139

#

CEANC?E IN DYNAMIC
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TABLE XI.

TEST OF i.5XM cm. U. S. .4.16 AIRFO~.

Nominal speed 12m/s.

223

I Erect.

c. I CL

.

I_

—

q=9.59kgjm!.
Dw=O.0133kg. (Wh drag.]
TemperaWe= 11.7”C.
Sq=O.3247kg.

I

TL/D
–3. 18 I+i~ ~o
17.35
16.07
15.2?3
11.60
8.71

In’retied.

~lllo

- -1

‘1, 7

D,!D Lo L,l L c. I CL LID

.
–2 a CG25 0:~ ~+o:~ 3.C@

‘1— — —
.. “

+1 “ .0242
:K I $gy +: ;;; ~;& –a 91

+7. 4s
. W35 “ 2.S75

“
.125 .6265 .393 14.72

. cmx .0143 “ z SI
: “

. lWI .@146 .543 13.23
. 035.S .0201 “ z 77 .230 . Wzi IL44

10 “ .042S .0271 “ 2.74 I .260 . 0M3 ::1: 9.50
S2 c’ . S591 . (!334 “ Z 72 . 2s0 .1042 . S74 s.39

Q=9.50kgfm~.
Dw=O.0132kg.
Temperature=17.~ C. ‘
*=o.3m kg.
v= 12.29In/s.
E=o.523x1O+.

TABLE XII.

TEST OF 7.5X45Cm.II. S. A. 16 AIRFOIL.

lNominsl speed 16rafs.

. D.–l—i:.
–2 0.0444 a OHS

aow .0W2
+:

6 o~w I “~;j
8 : ly334

10 “
i

. 103S
lz “ .1198

Qb’.
.

–!2 o.IX?5“

+: “
6 c<

s
‘.

10 “
12 “

Erect.

D L.

1

LI L c. 6’.

Fo.O1O9 I. 03 0.9i’5 –o. 025 +0. 0191 –o. w
.0077 “ L@55 +0. QM .0135 +0. 114
.0115 c’ L 210 .210 . 0?01 .348
.0191 “ L 32Q .320 .6334
. ml “

. W
L 3s0 .3.30 .0475

. a375 ‘c
.656

L A!jo .450 .0557
. 053s “ L m .3CQ . 093T : i;

g= 16.!XIkg/m~.
Dz=O.0225 kg.
Temperature= 11.S”C.
S9=0.571kg.

.—.—
—_
...>=

-—

7LID–2.29
+8.45
1s.Zi
16.74
14.w
lZ co
9.35

Inverted

DI

1 11 ‘

D L. LI L CD c. L/D

am-s +am9 3.m 3.m o.m +0. 01.57 0.m 0.00
. a333 .W.4 “’ 2.9C0 +& lm . 014s +0. 176 +lL 90
. 039s .0149 ,< z :60 .240 .0263

.0245 “
.423 16.10

. M% z 645 .355 .0432 .625 14.4S

. 03.S7 .0333 :: 2.584 .420 . 05% .741 ~. AJ

. mm .0451 2.52Q .4%3 . oi36 .S46 10.64

. Cwl .6712 ‘c 2 ~~ .520 .1258 .917 7.31

q=16M kg[mf.
Dz=O.IIZ4 kg.
Tempemture=17.0° CL
SQ=O.%7kg.
F=16.25@.
E=o.692xIc@.
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TABLE XIII.

TEST OF 7.5x45 cm. U. S. A. 10 AIRFOIL.

Nomi,rrd speed20m/s.

I
Erect.

L/D

17-l-i-l-l-l-l+-
–2 0.0444

I

0: p: +: mm: L 00 +0. 965 –:. :5 +0: :;::‘, –o. 640

~ j :; \ %; ;~~ ;

L 11
L 33

+0. 127
.33 .0217

L 50
.380

.50 .0350 .575
L 60 .60 .0487 .691

i ~~ “ ~ :;? : g;: :; 1.71 .71 .0671 .817
1.78 .78 .6941 , .898

0=2,5,75kg/m*,
bw=O.032.4k&
Temperature= 11.8”C.
Sq=OS69kg,

Irr_+’erted. I
c’ LjD

——

[
+! ;2 1+1?;

16.M
.634 14’90
.773 13.21
.871 .11.25
.923 7.73

–2 0.0025 0:~[: +0.0141 :; co 3.00“ o.m +0. 0163
.0131

+; :;
2.85

.0582
+0. 15 .0151

.0233 “
.0718

2.625 .375
. a769 “

.0769
2.45

8 ‘, .0856
.53 . 04!23

.0507 ‘4 2.33 .67
10 “ .1018

.63.85
.0$49 “ 2.245 .755 Oi72

12 “ .1334 .1035 “ 2..20 .80 .1194

t= Z5.70kg/m~.
Dw=O.0324kg.
Temperature = 17.0°C.
fk=0.867 k

?“V=20.18m S,
E= O.9WIX1O+.

TABLE XIV.

TEST OF 7.5X45 cm. V. S. A. 16 .41RFOIL.

Nominal speed 24m[s.

,

Erect,

D.
I

DIa
—

o

-2

+:

:
10
12

D

+0. 0230
. 02#2
, 02s4
.0448
.0614
.0834
.1169

0.0444 0. L116
o. p . o&44

.0726
“

.0890
0.0438 .1494‘t .1714{’ .2049

–o. 04 ~+o: :;~ –o. 031
+7175 , -!-o. MO

.48 ] .0226 .383

.73 , ; ~n t .582

.W : .718
L 05 . M65 .337
L 14 , @332 .909

;;M 1 0.96
1.175,’ L 48“ L 73“ L w“ 2.05

“
2.14

I I –1

q=37.18kg/m~.
Dw=o.0442kg.
Temperature= 12.10v,
Sq=L254 kg.

Inverted. I

CL I 1L/D z

‘1—–0.C#8 -0.47
+0:y: +9.81

16.24
.6M 14.53
.738 12.84
.837 11.42
.933 8.86

DI

I

D

—— -!LI .LD. L.

~oil

“
‘<
“
‘(
‘,

c.c!

0

–2
0

+3
6

18
12

——

0.0149
“
,’
‘,
“
,’
,’

3.01 –o.010
~ ~5280 +0. m

..515
2.24 . ‘K4
2.075 .925
L 925 L 075
L 330 L 170

FO.0169
.0163
.0253
.0417
.0574
.0754
.1054

q=37.18 kg/m2,
Dm=0.0442kg,
Temperature= 13,6°C
%=1.z4 kg.
V=24,27D/S.
E= LI86X1O-$
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TABLE XV.

TEST OF 7.5X45 cm. D. S. A. 16 AIRFOIL.

h’ominal speed W m/s.

L7=a7.30kgJm!.
lJ.=o.C&3kg.
Temwratwe = 12.0°C.
@=L934 kg.

a

.

-2

+!
8

10
12

—.—

0.0149“
<’

“
‘,
‘,
“

Di

Inverted.

-0.0345 II
.033s ~~ ~ :% [+:-
.0513 .81
. QS21 “ L 79 j L xl
.1107 “ L 545

I

L445
.1438 “ 1.31 L 6s
.1932 ‘; 1.17 1.X2

-0.0178
.0175
.6265

:&%
. oi44
.02.s4

TABLE XVI.

TEST OF 7.5x45 cm. U.S. A. 16 AIRFO~.

Nominal wed 35m[s.

(%

t

-1L[D

+1: %
15.7S
14.62
13.07
IL@
9.n

Elect..

g=78.G3I@m!.
Dw=O.QS17kg.
Temper@xe=12.iY C.
.S=2.632 kg.

I

la

,0
–2

+:
6

Ig
12

0.0161“
‘.
‘r
“
‘.
“

D[

o. 145S
.1449
. ltw
.m
.2495
. 2s9s
.3475

In~erted.

c. cL
— —

-0.01s2 -!-o-w
.0179 . M2

.418
:~ -6’23

.756
.07?#3 .%4
. ca48 .937

L[D

+0. 52
10.18
15.66
:476
13.44
11.S8
10.C9

._

—

-

-

..
.-.” --

—
.-

q=i&COkg/m~.
Dr=o.&s17 kg.
Temperature =12.1- C.
%=M32 kg.
V=35.14m@.
E= I.716xl@.
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TABLE XVII.

TEST OF 10X6Ocm. U. S. A. 16 .41RFOIL.

Nominal s~eed 9 m/s.

I Erect,

a Do IID Lo I ~, “L CD – ;=D L/D
.— — — — - — — .

0
-2 0.0144 0.02S8 .+0.CK)72 2 “m 1.98

“
-0.02 +0: :!: –0, 654 -2.78

.0272 I “
+; :;

; yp +0: !335
. Ono I :%: “

+0. 030 +446
.0234 .351 17.20

.0318 .0102 “ 2.Is
‘,

.18 .63213 .575 17.63
.0360 .0144 “ 2.22 .22 ; ~::

1! “ :
.702 15.2%

.0410 .0194 ‘! Z 26 .26 .830 13.40

/ :; :: \ : :g;
.0237 “ 2275 .275 .07.56 .878 11.60
.0311 “ 2.2a .28 .0933 .894 9.03

. . . . . .
..-

0 c.
a= O.3134kg.

D.
I

n

O.C081 0::~3‘(
,! .0252‘, .0321“ .0361‘, .0454“ .0482“ .0593

Inverted,

D L.. L1 L

*— —

3.oil jCtJ‘, +:&
‘, 2,805 .135
“ 2.w .20
,’ 2.76 .24
‘(, 2.715 .~
-’, 2.71 .Mo
“

1 2.70 .31xl

CD cL L/D

*0:y: +;%!
.0316 .431
.0536 .639
.0664
.01361 :M
.1050 .926
.1404 .9ss

TABLE XVIII.

TEST OF IOX60 cm. U. S. .4. 16 AIRFOIL

NTomimJSDeed20mls.

a D. D!

— — —

:2 0.cJ)45 0::)7;

++ ; .0772
.0676“ .1169

1: “ .1408
11 ::
12 : ;%

Erect.

D

+0.0252
.0232
.0305
.0569
.0702
.0941
.1101
.1311

2.03“
“
(’
‘(
,’
.’
(’ I

+0. 0163
.0160
.0198
.0330
.0455
.0$10
.0714
.0851

-
g=25.70kg/m~.
DIU=O.0322kg.
Temperature =16.0” C.
5’q=l.542kg.

-0.039
-!-o. 130

.389

.597

.733

. w

.902

.941

I In_rerted,

I
a

I D.
I

DI I
D

,, ,

Lo

3.w“
“
“

4’

(’

.’
‘,

LI L CD
- —

3.co -0.03 +0: l);)
2.75 +0: g
2.36 .6233
204 .0397
1.81 1:E .0544
I. 62 1.38 . (M96
L 58 1.42 .0798
1.52 1.48 .0926
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TABLE XIX.

TEST OF IOX60 cm. U. S. A. 16 AIRFOIL.

N-ominal speed 30 m/s.

Erect.

.——

D.

0. Wo
“
‘,
“
“
‘t
,’
“
‘<
,’
‘,
‘.
,’
,’

--’DI D CL I
LID

+0. w 0.0130
–o.04 .0152
+0:&65 ~ .0153

-ONo
.3i ~ .0161

L 14 I .0181
L39 i .0214
1.63 ~ .022
212
261 I :8;]
3.(M , .M35
3.35 ~ .aw
3.45
3.2i ~ :&%

+0. 171
–o. 011
+0. oil

.174

.253

.332

.KM

.474

.616

:%
.97%

1.Ca3
.951

L 030‘,
“
r’
“
“
,’
.’
“
“
‘,

.’
“
.,

SP3.440 kg.q=57.3 ligjm~. D.=o.ck333 kg. Temperature =15 @ C.

-I
i—

DI D

0. 11S7 .+0.0512
.U229 .Ow
. 13@l -~~~
. I~a . 0T55
. 15i3 . mm
.1741 .10$5

L[~m

‘1—+0.6C +0. 0152
.39 \ .0161

1.13 . 01s2
L 42 .0219
L 64 . 02s1
L91 . mlo

-CL \ L/D

+0.;. +11.ia
16.05

.327 1s.@

.413 16.%

.483 l& 4s

.555 17.92

:
I

o.W42‘:
“
“
‘c
‘c

,=

.
D.=0.W3 kg.
V=30.22m[s.

Q= 57.3kg/mz.
Sq=3.440kg.

TABLE XX.

TEST OF 12.5x75.Ocm. D. S. A. 16 AIRFOIL.

NominsJ speed 8.7 mls.

m-w ——

--4c. L(DDI D Lo LI L c.

} .-
0.OMI +o:~ } Zcco L 975 –a 025 +0. oln
.0170 . “ 2.05 +0. 050 .0149
.0186 “ 2175 .175 .01s4
.023$ :% .Z2? .2io
.02S8 .0185 ~ ;

.moz
2.325 .325 .04J1

.0379 .0276 “ 23S .ffiio

.0441 .033s “ 240 :ti . OHl

.Omo . 04i7 “
1

2425 .42.5 . 105S

.——

,

Sg=o.4w7 kg.q=4.81 kgJm~. D.=o.cfk%kg. Temperature= 13.0°C.

Inverted.

DI D

o. 0i30 +0. ews
. oi21 .W159
. m63 .0101
.cS39 .0177
.m . WAo
.cw4 .0332
. 10J5 .C433
.1253 .0591

Lo Li

am %035
‘,

T.%-
“

r. 82.5
7.740“ 7.E30“ 7.62il‘. 7.m“ 7.WI

LJ.=o.e533kg.
V=8.72 m[s.

1 1
<c. cr. L[D

–o. 035 a 0151
+0. 035 .0131

.175 .0224
~g 1 :;:

.Xd3 .0393 .577 1470

.323 .0.533 13.32
.0737 :Z 11.44

:% . W61 .3S4 9.24
. ml .1312 .S!33 & 7s

.—

Q=4.81Wm ~.
:S=0.4507kg.

Temperature= 12.7° C.
E=o. iIlxllF.



REPORT NATIONAL ADVISORY COMMITTEE FOR .4ERO~AUTICS.

TABLE XXI.

TEST OF 12.5X75cm. U. S. A. 16AIRFOIL.

Nominal speed 12m[s.
—

Erect.

m D.
1 ‘D =; ~, ~!cm “c’ ! “LID

1

— —lz _ —. .2 — .~

o I
.:

–2 0.~0 ; 0.0392 -1-0.0169
0 . ,, .0370 .0147 ~w ~ :!, W$5 ‘O;wJ ;MJ j:;

+3 ,, .W05 ; :):
.C-492 c,

: ::
,52 . a302 . 3X4

.W03
19.30

.0380 “ { 464 .64 .0427
10

.719 16.84
.0760 .0527 “ i 4.74 ‘ 74 .0592 .832 14.04

(, . 0.S46 .Cuiz “
:: ‘< ~1111 \ .0S88

c’ ~ :;:5
,795 .owl .893 1275
.82 .W99 .921 9.24

1.

q=9.50kg/m$. DIr=o.0133kg. Temperoture=14.0° C. *=o.scJo kg.

inverted.

. 1 B. lJ1~L) ~ ‘Lo ; L, [ “~””~ (?D cL
r---–”

LID !

— — _ — .-

. 1

-2 0.0342 0.0344 ~+0.0169 3.00 3.025 / –0, 025 0.0190
‘,

-0.628
. 02S6 : .0111 “

-L4S
2.‘JO ; +0..13

+; “
.0125 +0. 112

.0351 .0176 : ;
+9. 01

2.01 ; J=$i
(< [ z, 44 .0198 .438 22,15

.0486 ] .0311
: “

10 “‘, ;~; ! :E2 ‘ ~ ;$?5 t !$!5 ~ M

:& :%

:; :
,111..

.0727 “ 217 ._?l ‘ .0317 .933 U: 42
.1210 : .1035 “ 2,16 .85 f 116?

f
,956 8.22

L ,

Q=9.~ kg/m1. DU=O.0133kg.
@= O.890kg.

Temperature= 15.5°C!,
F_=12.27m/s. E= O.’398XIW

TABLE XXII.

TEST OF 12.5X75cm. U. S. A. 16 AIRFOIL.

Nondm.I speed 24m/s.

–2 o.0@20‘,

+~ ;:

8 ‘,
10 “
11 c’
12 “

DI D I/.

———

0::!)fg +o:~;: ! 4.co,,

.1217 .6685 “

. 16S4 .1152 ““

.2110 .1578 cc

. 26W .2148 “

.3095

--i-.

. 2.%33 ::
.3790 .3258

Dw=O.0442kg,

LI

&91
4.56
5.41
6.13
6.61
7.03
7.18

. 7.2s

Temc

–o.03 -1-0.0148
+0. 56 .0142

1.Q .0197
%13 .0330
L 61 . cM53
3.03 . cE17
3..18 .0736
3.23 [ .0936
__!

iture=l 1.5°C.

.
c’. j“ -LID

SI=3.482k&

0

–2 o.co31“
+: ::

8 “
10 “
11 “
12 “

DI

Inverted.

-0.0522 $;oil 4.03
. C490 3.32
. 0S08 “ 2.40
. ;3g , :: L 63

1.14
:2477 ‘ “
.3017 “ I ::;
.4577 “ I 0.65

1 I

i

.= I I

Q=37.18Wm*
~=3.482 kg.

Dw=O.0442 kg.
Y=24.22 UljS.

Temperature=l 1.00C.
E=l.976X 1(W



=57.23 I@m!.
DM=O.IX32 kg.
Temperature = 15.(PC.
&=5.365 kg.

Irrwrted.

I
L. : 11 ~L;cD

i

1

arm ~ 3.04 –am +0.0135‘.
I 6.S3 ~ +LO1‘. .0128
i 5.73 2277 ~ .0197‘. 4.55 3.+5 .0345.. 3.82“ 418

3.14“
;. I -g’

233 : m;:“ 2.74 5.%
I

.C9%

q=57.34 kg/mz.
I&O=o.olwkg.
Temperature= 11.6°G.
‘%=5.370kg.V=34.07I@.
E=2.447XIW.

‘TABLE XXIV.

TEST OF 15X32cm U. S. A. 16AIRFOIL.

Nominal speed 6 mfs.

–o. 011 -0. s3
+0. 1S8 +14 51

2). 6U
: E2 18.61

la 75
:Z 14 @s
.953 1272
-m 9.95

c!

o

–2

+:
6

1:
11
12

Erect.

0.0189
.0169
.0155
.0177
.01%1
. ~AQ

: ~8

o.fm3 Lo 0347 i 2.00
.Oloi ‘ ‘ :cmsl ::
.0112
.0164 :Rl;
.0184 .0134
.0214 : “
.0235 :W:
.a354 .0308

!

g=2.S95kg/m!.
Ds=O.W46 kg.
Temperature =12.F C.
*=0,310 kg.

Invert ed

la De

!_
:2 0.0327

0 .0337
+3 . m2

. !X?i8
: .0101

10 .0123
H -0140
12 :0153(,

l~iiDi~e
a-l=
.0139 :016-2 .0136 ~ “
. 01s$ .0134 : .WE8 r’
. 02% .0178 .0132 “
.0323 .0222 ! . Oli6 “
. IM13 .02% ; .&241 “’
. w% . 0W6
. ~~

1 l’% :
.~l I

o.LM
+;E7 +5. 36

-436 15.34
.6’52 15.52
.774 13.64
.S$.S 11.41
.920 9.51
.S36 &67

....-

-—

47=2.2Wkqm~.
DW=R W& kg.
Temperature= 10.4°C
S7=0.310 k%
V=6.02 m/s._
E= OJ.SSX1O



REPORT A’ATJONAL ADVISORY COMMITTEE FOR .4ERONAUTICS.

TABLE XXV.

TEST OF 15X90cm. U. S. A.16AIRFOIL.

Nominal speed 10@.

Erect.

a! D. D, iDID Lo >, L
— —

!’ 11
._—o

-2 0.0319 0.0600 O::;$; +0.0182 2.w 1.9.5 –o. 05
. 6??5 .0562 .0172 ‘4 2.10

+: .0266 .0572 .0306
+0: :8

.0201 “ :.: ~

61
.0234 .0643 ..041’4 .0309 “ .55
.0233 .0747 .0514 .0409 “ 2.655 \ .655*: I .0251 .0s71 . c620 .0515 “ 2.77 \ .77

11 .0261 .6978 .0717 .0612 “ 2.WI
12

1

.80
.0267 . 12%8 .0981 .0376 c’ 2.825 .823

II

c. I CL L/D

———

:0.0212 –o.059 –274
.0201 +0.117 +5.82
.0236 .422 17.WI
.0362 .644 17.79
.0479 .767 16.01
. wio3 .002 14.94
.0717 .937 13.07
.1020 .908 9.42

g=6,40 kg/m~.
DW=O.O1O4kg.
Temperature= 10.8°C
s@=o.854kg.

Invert ed.

D L. L1
— —

t-O.0196 8.00 8.02
.0155 “ 7.90
.0228 “ 7.64
.0330 “ 7.45
.0443 “ 7.3_a_
.0413 ~ :: 7.20
. 070+ 7.103
.1037 f “ 7,16

D1
t

L\C. c“

—!—0
–2

+!

:

I

10
11
12

-0.02 + 0.0228
+0. 10 .0181

.36 .0267

.55 .0335

.68 .0517

.80 .0716

.835 .0822

.810 .1211

–o.023
+0. 117

.423

.643

: ::;
.976
.981

0.0301
.0200
.0333
.0435
.05.48
.0718
.08G9
.1142

I

TABLE XXVI.

TEST OF 15X90cm. U. S. A. 16AIRFOIL,

hlominal speed 15m/s.

Erect.

DI D1 D

I

L.

2.of.)
h’,’
“
,’
,’
“
“

L1 L c.

1.91 –o. 06 +0. 0174
2.% +0. 28 .0160
2.82 .82 .0216
3.23 1.23 .03’33
3.55 1,55 .6447
3.75 L 75 .0583
3.83 1.83 . Cw
3.m .1.88 .09S4

CL L/D.

0

–2

+!

8
10
11
12

lj==1469k:/mJ

Temperature~10.5° C.
SCI=l.983kg.

.

0
-2

+!

8
10
11
12

L

-0.06
-1-0.31

.85
1,27
1.55
1.78
1.w
L 92

CD

-0.0175
.0157
.0222
.0362
.6482
.6535
.0734
,1056

0,06CQ
.0573
.0730

‘wJ \+o:# :m ;{

.1022 , c945 I .0719 4’ 6.73

.1282 .1182 .6456 :: 6.45
, 1610 .1486 . V2et 6.22
.1820 .1455 “ 6.12
.2475 : w .’2297 ( “ 6TOS”

O.N26
.0236
. U151
. (W7
.0102
.0124
,0139
.0152

I I I I -.

g=14.695kg/m*.
_?lw=O.&228kg
Temperature=9.3” C
.SQ=I.984kg.
V= 15,21m/s.
.E=l.487xlc@.



STAND.LRDIZ.4TION TESTS OF N. A. C. A. NO. 1 W122E TUNNEL.

TABLE XXVII.

TEST OF 15X90 cm. U. S. A. 16 AIRFOIL.

NominN speed 20 mfs.

231

Erect.

a

I :2
i J’

:
i 10

11
12

D. D L. LI
b

———————l—

DI

I
al

‘1—
0.1235 1 0.0321
.1158 .0878
. 132i . KM
. 17W .1510
.2135 . W&’
.2654 .2404
.3(E3 . 2S27
.39si .3725

c. CL L[D

. .

-0.052.5 203 –o. 14
. eAS2 “ ;% +0. 57
. M70 “ 3,44 L@
.111.4 ‘c 4.18 2.18
.1511 “ 468 263
.2JM3 “ 3.m
.2431 8’ Rti 3.24
.3329 “ ii.35 3.35

g=25.83MzJnv.
.m=o.m’m kg.
Temperature 10.5”C.
.Sq=3ASSkg.

Inwrted.

‘“ I “ d
c. CL

o.owl –o. 020
.013’4 +0. 172
.0213 =430
. ~~~ .6W
. M62 -m
-%10 .SfM
. 07G5 .957
.09w .98U

L

-0.09
+0.m

1.50
223
2.72
21%
3.34
3.42

L[D

.1 –

+0. 057;
. 04S.5
. oi43

I :;~ !

.2465 ‘I

.34?? :
I

&c41
..
“-
‘,
,’
“
‘.

“

8.03
i=.40
6-50
5.n
5.2%
4.84
4-66
&5.s

TABLE XXVIII..

TEST OF L5X90cm. U. S. A. 16.41RFOIL.

NomineI speed 30m/s.

I
Ereet.

DLa

t
0.m9
.2703
.3157
.493
. ‘495.5
.6155

M

q=57.40kg/m.!
D.=0.W60 kg.
Temperature =125° C!
Sq=7.75 kg.

InTerted.

~L LID ,

-o. w

1

–O. !29
+. 191 +15. 0?3

22.22’
:%6 m. 01

-
=.

q=.57.45 kgJmi.
D?z=o.@wl kg.
Tempemtue=9.W C.
%=7.75S kg.
V=30.09m/s.
E=2.94X1P’.



REPORT NATIONAIJ ADVISORY COMMITTEE FOR AERONAUTICS.

TABLE XXIX.

VARIATION OF D. WITH . .

15xW cm. model.

Erect. Inverted.

a

D. D.] Do D.!

-2 +0. Olcn + o.CQ34 +Q,owl –o. 0010
.W64 ..0671

+: .! g
o.0w3

.@345 . C&%8

.0013
+0. fm17

.0703 . CH)29
: -0. cnlz .0352 .0737 . 6$!36

10 . co30 . fn34 .0758 .c@37
11 . lxMo .0024 .0778 .0107
12 . IX146 .0?18 .0786 .0115

I I I I I

Counterweight, erect, 3 kg. Counterweight, inverted, 5 kg.

TABLE XXX

COORDINATES Ol? MEA?J POLARS

7.5X45cm. airfoil

Airs ee.d
8,

12m/s
CD

0.0
.1
.2
.3
.4
..5

:!
.8
. ‘M

10X6Ocm. airfoil

— — .
0.0163 0.ol&S 0.0172
.0142 . 015? .0162
.0152 .OIbJ .0164
.0183 .0190 .0104
.0235 .0237 .0242
; ::3: .0303 ; :;:;

.0385
.0528 . (2495 .0497
. %95 . cw5 .0630
.0808 .0738 .0717

30
cD

0.0
.1
.2

::
.5
.6
.7
.8
.85

0.0214
.0180
.0184
.0213
. 02f8
.0337
.0425
.0525
.0642
.0730

0.0162 [

.0153

.0157

. 0T77

.0216

.0275

.0354

.04.48

. 0s53

.oel.=J

0.0152
.0141
.0154
.0175
.0210
.0262
.0335
. @j2g
.0535
.0593

12.fiX75 cm. a[rfoil

!
9 nlm

Airs eed
$L

0.0
.1
.2
.3
.5
.5
.6
.7
.8
.85

.0182

.0173

.0177

. o~&J

.0246

.0310

.0390

.0484

.0590

.0065

0.0

:;
.3
.4
.5
.6

::
.86

15X90cm. airfoil

—l—

0.0175 0.0148
.0147 .0140
.0140 .0143
.0155 .0164
.0194 .0198
.0252 .0253
.0321 .0325
.0412 . IS41O
.0555 .0312
.0643 .0575

0.0140
.0134
.0136
.0155
.0193
.0247
.0313
.0402
.0505
.0565

—

I I

35
CD

%

0:p:
.0128
.0145
.0176
.0225
.0’288
.0360
.0440
.0490

*



STANDARDIZATION TESTS 033 N. A. C. A. NO. 1 WIND TUNNEL.

TABLE XXXI.

VARIATION” IN DIRECTION OF AIRFLOW (IN VERTICAL PLANE).

Erect.
1

Inverted.
V (m/s)

:appro~.). B B+.
LID (m=.).

7.5X45cm. AIRFOIL.

12 17.5 14.7 +IY’19’
18.z 16.0

+IYII*’
12&’

E
05’

18.0 15.9 12$’
24

0s’
17.0 16.2 05’ -OW2*’
17.0 15.8

E
07*’ -----------

16.5 15.7 05*’ –o.~~t

10.OX6Ocm. AIRFOIL.

!2 18.5 13.7 w’;?
19.5 17.5

w%’

% 19.7 1%9 04’ -.-..!

12.5X75cm. AIRFOIL.

9 2L 5 IT.6 +@17*’
222

+0”14’

: m. 2 M ---!!? :-. –rPE;’
30 2L 3 22.4 03~’ ------------

15.OXWcm. .4~FOIL.

19.8 15.8 I +OW2’ +cwl
1: 19.0 16.7 ,

19.7 1s.7 Zh’ h;’
E 2L 5
30 22.8 2 i -__?!:-- ----!!:-.

.—

—


