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SUMMARY

This report deals with an experimental invwst.igation of the aerodynamical characteristics
of airfoik at high speeds, made at the request and with the financial assistance of the Xational
Advisory Committee for Aeronautics. The investigation was carried out jointly by the Bureau
of Standards and the Ordnance Department, United St at.es Army, and was made possible

-.

through the courtesy of the Lynn ‘Norks of the General Electric Co., where a large centrif~~al
compressor was made available for the purpose.

Lift, drag, and center of pressure measurements were made on six airfoik of the type used
by the Air Service in propeller design, at speeds ran.tig from 550 to 1,000 feet per second. The
results show a definite limit to the speed at which airfoils may efficiently be used to produce Lift,
the Iifk coefficient decreasing and the drag coefficient increasing as the speed approaches the speed
of sound.

The change in the lift coefficient is Iarge for thick airfoil sections (camber ratio 0.14 to 0.20)
znd for high angles of attack. The change is not marked for thin sections (camber ratio 0.10)
at low angles of attack, for the speed range empIoyed.

At high speeds the center of pressure moves back to-ward the trailing edge of the airfoil as
the speed increases.

The results indicate that the use of tip speeds approaching the speed of sound for pro-
pellers of customary design in-rol~es a serious Ioss in efficiency. -.

INTRODUCTION

This report deals with an investigation of the characteristics of airfoils at high speeds and
-was made for the purpose of obtaining information for use in the design of propellers. The
d~ect mounting of the propeller on the engine crank shaft avoids the weight and power loss of the
speed reduction gear, and possesses other advantages which have made this form of drive verF
popular. The development of high-speed engines, however, invo~ves the corresponding increase
in the tip speeds of propellers mounted on the engine shaft> and it is imporbant to know what
performance ma-y be expected from propellers operating ati &Dh tip speeds.

There are two published in-restigations on this subject. Airfoils have been studied up to speeds
of abou~ 650 feet. per second in the 14-inch -wind tunneI of the .&my Air Service at Mc Cook
Field and the results are given in Report No. 83 of this committee} Direct measurements of
the performance of a model air propellw at tip speeds in excess of the speed of sound have been
made in EngIand and are described in R. & M. No. 8S4 of the British Aeronautical Research
Ckmmittee? The res.dts gi-ren in these two contributions are discussed later under “ Com-
parison with pretious work.”

The experimental observations here described were made by Dr. L. J. Briggs, Dr. H. L.
Dryden, and Mr. W. H. (%ttrell, all of the Bureau of Standards, and Lieutt. CO1. G. F. Hull
of the Ordnance Department, United States Army. The computations and curves were made
in the aerod.ynamical physics section of the Bureau of Standards by Dr. H. L. Dryden and Mr.
G. c. Hill.

~WindTunnel Studies in Aerod~amic Phenomena at High Sped, Part HI. F. W. @ddwell and E. N. Fales, Technical Report No. S3,
A’diord .Idriwx’y Committee for Aeronautics, 1920.

~The Effeets of Tip Speed on A&crew Performance. G. P. Douglm &d R. MeKinnon WOO& R. & M. No. W, Aeronauti@J Research
Committee, Great Britain.
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APPARATUS AND METHODS

The air stream was supplied by a large turbine-driven 3-stage centrifugal compressor,
capable of delivering 50,000 cubic feet or more of free air per minute at gauge pressures up to
15 pounds per square inch. The compressed air delivered by the machine passed through a
gate valve in a horizontal pipe to–a-~ertical standpipe 30 inches in diameter and 30 feet high,
ending in a, cylindrical orifice or nozzle 12.24 inches in diameter. The speed of tbe free air
stream issuing from the nozzle depended upon the gauge pressure and the temperature of the
air in the pipe. Air speeds approaching the speed of sound were obtained.

The airfoils tested were members of a series of propeller sections of the form adopted by the
engineering division of the Air Service as stamhwd for propeller design. Six airfoils were
used, the camber ratios, or ratios of maximum thickness to chord, being 0.10, 0.12, 0.14, 0.16,
0,18, and 0.20, respectively. The chord length was 3 inches and the span 17.2 inches so that
the airfoils extended entirely across the jet, and there were no ends exposed to the stream as
in ordinary wind-tunnel practice. The dimensions of tha airfoils M measured by the gauge
section of the Bureau of Standards are given in Table I. The models were of steel and were
constructed by Mr. W. IL Nichols at Waltharn, Mass. The extreme ends of the airfoils were
left in the form of rectangular blocks to fit in the holding grooves of the balance fork described
below. The blocks were so located with respect to the airfoil section that tke midplane of
the airfoil (a plane parallel to the lower surface and distant from it by an amount equal to one-
half the maximum thickness of the airfoil) contained the center of each block. The airfoils
are designated in this report as NTOS.1 to 6, 1 being the thinnest, of 0.10 camber ratio and 6 tbe
tlickest of 0.20 camber ratio.

The balance used for the force measurements was designed by Dr. L. J. Briggs and built by
Mr. W. H. CottreIl at the Bureau of Standards. TWO view-s are shown in Figures 1 and 2, a

few parts being removed in Figure 2 for clearness. A diagrammatic sketch is shown in Figure 3.
The airfoil was held in a fork (A) in such a manner that it could be placed at any desired angle to
the air stream. In addition it could be moved in the forli parallel to its chord so that any line
in the midplane of the airfoil parallel to its leading edge and within an interval of 0.75 inch
extending forward from the center of the airfoil couId be placed in the axis of rotation. These
adjust ments were made possible by mounting on each arm of Lbe fork a rot stable block (B)
cent aining a groove in which the recfianguIar block (0 forming tho end of the airfoil could
slide. The airfoil was secured by square holding bolts (D) which passed through square holes
in the airfoil and rectangtdar slots in the rotatable blocks. The axes of the two rotatable
blocks were in the same line and at right angles to the air stream. Suitable locking devices
were placed on each block to lock the airfoil at any desired angle.

The fork was pivoted at (E) with a linkage at (F) to an oil-filled sylpbon (G) placed at its
outer end. The force exerted by the end of the fork against the sylphon produced a. pressure
which was transmit ted t-o a Bourdon pressure gauge and thus the moment of the air force about
the axis of rotation of the fork was determined. When the air force passed through the axis
of rotation of the airfoil this moment was produced by the drag component alone and the drag
was readily computed. W%en the force did not intersect the axis, a suitable correction was
applied for the moment of the lift component, from a knowledge of midplane center of pressure
positions (points of intersection of air force with the midplane of the airfoil) inferred from tbe
angle at which the moment of the air force -was zero.

The pivot (E) pf the fork was carried by an upright member (H) pivoted at its base (I).
The lift force transmitted to this member was transmitted to a second upright member (K)
by a strut and spring system (L). The second upright (E) was pivoted at its base (M) and cm-
ried a point (hT) engaging a socket on a second sylphon (0), the pointiand socket being in the
plane of tbe axis of rotation of the airfoil and the axis of rotation of the fork about its pivot.
The pressure in this sylphon was tramqmitted to a second Bourdon gauge from whose readings
the lift could be computed. The lift retiding was independent of the position of the c&nter of
pressure.
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FIG. I

Fm 2
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%it~ble counterweights were provided for producing initial pressure and for purpows of
calibration. The whole balance including all parts heretofore described was mounted on a slicle
(P) on the underside of whkh was a rack engaging a pinion mounted on the base carrying the
slide. By turning this pinion by means of a hznd wheel (Q) the airfoil could be moved into or
out of .fihe stream at will. The base of the balance was-carried on two brackets (R) ~“hich slid

on vertical bars at each side of the oritke. The airfoil could therefore be placed at any dis-
tance from the mouth of the orifice and at any position relative to the center of the ori.llce.

A lever (S) was attached to one block and a balancing weight (T) to the other. The
balancing weight could be adjusted so that with both blocks and the airfoil freo tu rotah
about their common axis, the moment-about that axis due to the weights of the various parts
could be made. zero for all angles of the airfoil. The angle of the airfoil to the wind for which
the moment of the air force is zero could then be determined by unlocking the system and ro-
tating the airfoil by means of the lever until there was no force exerted on the hand of the
operator.

The speed of the air stream was computed from the pressure and temperature. of the air in
the pipe before expansion, on the assumption that the expansion through the orifice is isentropic,

that air is an ideal gas and that the pressur~
-N~ in the jet just outside the orifice is equal to<
H K the barometric pressure. ‘h-o gauges were

a —a used for measuring the excess pressure in
the pipe, One, a mercury U-tube manom-

LE
eterj was connected to an impact tube in
the pipe about 4 feet below the orifice. The

A ~1 M. other, a calibrated Bourdon gaugel was

I connected to a tube passing through the
pipe wall and terminating flush with the in-
ner surface about 4 feet below the or%ce.

FIG. 3.—Diagrammatic sketch of balance The mercury manometer and impact tube

RL = Reading on sylphon O formed the primary standard, but the
RD= Reading on sylphon G BouYdon gauge and static plate calibrat-

Lift=RL

Drag= R. + (RI, cos a + R. sin a) ~ approximately ed in place were more con~enient as a
working standard. The readings of. the

gwge connected to t~e impact tube included the additional pressure caused by the speed of
approach of the air in the large pipe. The atmospheric pressure was determined by means of
a standardized mercurial barometer.

The temfierature of the air in the pipe was measured by means of four thermoelements
distributed in a horizontal plane about 4 feet below the orifice mouth. Each element consisted
of four copper Ideal junctions in series, the low temperature junctions being in an ice bath.
The elements were calibrated at the Bureau of Standards. The electromotive force resulting
from the temperature difference -was measured by a Leeds and Northrup potentiometer and
ga?~anomete~.

The formula for the speed computed on the assumptions mentioned above is—

P=2J(7P fi {1-(g)v} =2 J(7P(T,-T.)

where V= speed of air in cm. per sec.,
J =mechaniwd equivalent of heat,

(?P= specific heat of air at constant pressure,
k = ratio of specific heats,

Ti = absolute temperature in pipe before expansion,
TO= absolute temperature in jet after expansion,
Pi= impact pressure inside pipe,
P. =pressure in--jet (assumed equal to the barometric pressure).
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RESULTS

The resuIts of the force measurements are expressed in terms of the nondimensional oi
absolute coefbients used by aeronautical engineers and aerodynamical physicists. The prin-
ciple of dimensional homogene~ty indicates that the relationship between the force on a given
body with respect to which air is moving is expressed by the relation

where F is the force, p the air density, V the air speed, L the linear dimension determining the
scale, w the viscosity of the air, and c the speed of sound. At the l@h speeds involved in the
present -work the influence of viscosity is generaly supposed to be negligib~e. With this assump-
tion the laws for the lift component normal to the wind direction and the drag component
paraUel to the wind direction may be expressed as follows:

~ and CD are plotted against ~, c being computed for the temperature of the air in the

jet, the value at 0° C. being assumed to be 1,088 ft./see. The area of the airfoil to be used is
uncertain because of the unknown end effects. The length of the airfoil -was taken equal to the
diameter of the mouth of the orifice.

Expression of the results in this form has many advantages. In the first place, a broader
interpretation of the results is possible, the number of independent variables having been reduced
from five to two. In the second place, the wdues do not depend on the system of units employed.
In the third place, the deviations from the usually assumed square la-w are readily apparent,
since a square law is indicated by a constant coefficient. From the character of the coefficient
curves it ie apparent that any one of the airfoils at an angle of say 8° to the wind is aerodynami-
cally an entirely different body from the same airfoil at – 4“, the manner in which the force
varies with the speed being quite difFerent in the two eases.

The coefficients computed from the individual observations are given without fairing of any
kind in plots of the coefficients against V/c. (See figs. 4 to 9 and 16 to 21, inclusive.) Faired
wilues of the coefficients forgiven values of V/care replotted against the angle of the airfoil to the
wind (measured from the plane of the flat lower surface) to give the familiar lift and drag curves
of the type usua.IIy plotted for ~irfoils. (Figs. 10–15, and 22–27.) In the original fairing no
attempt has been made to make the cum-es belong to f amiIies, the observed points being cIosely
followed.

Considering first the variation of OLwith V/c (figs. 4-9) we find in the case of the thickesti
airfoiI (fig. 9) the coefficient is sensibly constant for angles close to 0° for values of V/e less than
0.65; it increases with speed as greater negative angles are reached; and it decreases with speed
as greater positive angles are reached. In the case of the thinner airfoils, the lift coefficient at
low angles of attack does not change sensibly until higher values of F/c are reached. For wdues
of V/c greater than this critical value (if we may so term it, although it is not sharply defined)
the lift coefficient decreases wifih speed very rapidly for all angles. Even in the wise of the nega-
tive angles, although the course of the rapid decrease is shown only in the case of airfoil 3
@g. 6), the decrease is known to occur; for the -m.lues at the higher speeds were negat.i~e and
could not be measured, since the balance was designed for positive lifts only.

When the faired values of 0, are plotted against angle of attack a (figs. 10–15) for selected
values of V/c these same characteristics are show-n in another -way. We shall choose airfofi 3
(fig. 12) as a typical example, the effects being Iess pronounced for the thinner airfoik and more
pronounced for the thicker airfoils. The curves for the severaI values of V/ckm than 0.8 cross
in the neighborhood of – 2°. For angles greater than this the curves for higher speeds lie lower
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in the diagram; for smaller angles the curves for higher speeds lie higher. The angle of no Iift
shifts with increasing speed toward greater negative angles. For values of V/c greater than OS
the general behavior at high angles remains unchanged, the curves for the higher speeds being the
lower. The behavior at negative angles is reversed, the curves for higher speeds no longer being
higher but very much lower and the angle of no lift shifts rapidly toward 0° with increasing speeds.

In the case of airfoils 5 and 6 (figs. 14, 15) subsidiary maxima occur in tho CL versus a
curves as in the case of measurements in wind tunnels at much lower speeds.

Turning now to the curves of C. versus V/e (figs. 16–21) we find conditions somewhat
different. In general 0. increases with V/e. For high angles there is an approach to constancy
while for negative angles of the thicker airfoils (figs. 19–21) there are instances of a decrease with
speed. AS has been_explained the computation of the drag depencls on a knowledge of the posi-
tion of the midplane center of pressure because of the design of the balance. The mi(lplrrne cen-
ter of pressure at negative angles could not be measured and estimated values were used. For
this reason the values at negative angles are not as accurate as those at positive angles but we do
not believe that the general behavior is materially clifferent from that shown. For the thicker
airfoils at high values of V/c (figs. 19–21) at moderate angles the rate of increase of (7Dis much
accelerated. The value of V/c at which this rate of increase changes materially corresponds
roughly to the” critical values” for the lift. The “ critical ~alue” is a function of the angle of the
airfoil to the wind as well as of the thickness of the airfoil. Beyond 8° or 12° the rate of increase
is not so great, a fact that will be referred to later.

The curves of CDversus a for selected values of V/c (figs. 22–27) are not essentially different
from those obtaining at ordinary wind-tunnel speeds. The crossing at negative angles is first
shown in the case of airfoil.3 (fig. 24).

The results are plotted in a form more suitable for theoretical interpretation in Figures =
28–33. CLis plot~ed against CDgiving the polar diagram.3 A part of the drag is due to the
finite size of the stream and to the fact that it is not confined. In producing ~ given lift, trans-
verse momentum is imparted ta the stream and the jet is deflected. The deflection begins ahead
of the airfoil and changes the angle of attack of the air on the airfoil. Neglecting the change in
the shape of the jet and my influence due to the proximity of the orifice within which no deflec-
tion can occur, the drag induced by the change in angle maybe computed.4 The induced drag is
the same as for tin airfoil of length equal to the jet diameter in an infinite stream, namely

(7’.
--The induced drag cur-ve is plotted on each of the polar diagrams.

rr X aspect ratio.
The difference_between the total drag and the induced drag, which is termed the pro[ile

drag, is not-constant even at the lower speeds. At lift coefficients below about 0.4, which occur
at negative angles of attack, the profile drag is very complex. At high speeds the profile drag
increases more ancl more for a given lift coefficient and lower maximum lifts are obtained.

The observations of angle of no torque used in estimating midplane center of pressure posi-
tions are shown as plots of angle of attack for zero torque versus l’lc for various positions of the
torque axis (figs. 34–39). The position of the torque axis gives the center of pressure position
referred to the midplane of the airfoil at the angle of attack giving no torque. This position is
measured from the nose and is expressed w a fraction of the chord. The values for airfoils 3
and 5 (figs. 36–38) best illustrate the form of &heeurvea. At high speeds a point is reached \vhere
the midplane eente~ of pressure never reache~ the torque axis for any angle of attack. Tilis is
shown by direct o?wer~ation and indicates that the curves go off asymptotic to vertical lines.
The observations are not, suf%ciently numerous to enable well-defined cen~er of pressure curves
to be plotted, but they indicate that the midplane center of pressure at any given angle moves
rapidly back as the speed is irwreased, and more rapidly at the higher speeds. The effects again
are more pronounced for the thicker airfoils, beginning at lower speeds. That the center of

$In this second cross plot of the data it has been found advisable in a few cases to make some additional fairing.
—

J For a detailed derivation and some discussion as to the validity of the assumptions, see E. Kumbruch, Zeitschrift ffir Flugtechtrik und Nfotor
Iuftschifffahrt, vol. 10, Nos. 9 snd 10.
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pressure referred to the chord &o moves back is shoyn by the vector diagrams for airfoil 3 in
Figge 40.

Attention has been called to the change in behati.or of the drag versus V/c curves from 8°
to 12°. Duri~g some of the tests in bad weather oil was placed on the airfoils to keep them
from rusting. On entering the stream most of the oil was blown off the surface but some
remained on the rounded trail~~ edge. .4s the angle of attack reached &bout 8° this column
of oiI along the trailing edge began to flow down on the upper surface near the center, winding
in two symmetrical spirals. The How was toward the leading edge at the center of the span,
then out toward the tips and in toward the trailing edge. This indicates the formation
of a vortex pair and a consequent change in flow.
Since the vortices form symnetrica.lly with respect to

-+

1//
.5’ .8.9

the center of ~he jet, the change in flow is probably
associated in some way with the end effects. Only a _i___

I)/ A-4idp[me

few observations of this character were made so that wmd
/

no close correlahion of vortex formation and force curves
can be made.

~+.

W
.5 .78.s

The meaning of all these changes is not entidy 11, ; Midplane

clear. The most reasonable hypothesis as to whai is ~.
going on and one which fits in fairly weIl with general -%2- 1
considerations is as follows. We may suppose that the J. ‘8.9

speed of sound represents a.n upper limit beyond -which
an additional loss of energy takes place. If at any
place on the wing then the velocity of sound is reached,

s++’dp’me
the drag d increase. From our knowledge of the
flow around airfoils at ordinary speeds we know that ‘l~”’ti”-v’Cbr~l~~Vmti~~~~,$~~I d c-’- ‘ith
the -velocity near the surface of the airfoiI is much
@her than the general stream Tdody. The increase

Nom-Vectm show &ctlon not ma@tude

depends on the angle and on the form of section, usually being greater for the Iarger angles and
thicker sections. This corresponds -rery well with the earlier breakdown of the thicker wings
and of all the wings at higgh angles.

PRECISION OF RESULTS ,

The Iarge power consumption of the compressor (5,000 horsepower at high speeds) and
the high cost of operation have made it impossible to repeat observations at will. In the interest
of economy, many of the measurements were made while the compressors were being put through
commercial shop tests. During such tests, the speed of the air stream was not under our control,
and the speed would often vary before a complete set of observations could be made. The noise
of the air stream was so great that it was difllcult for the observers to communicate with each
other while the compressor was running so thai modification of the program to meet changing
conditions was difEcult.

The character of the flo-iv about the model spanning the air stream differe materially from
the conditions of flow either around an iniinit ely long airfofi or around an airfoiI of finite span.
It is supposed that for angles less than 8° at least the conditions appro.tiate most nearly to those
around an airfol of infinite length, in other words that the flow around the airfoil is approxi-
mately tmodimensional in chtwacter.

The distribution of speed across the jet -was very nearly constant except near the edge of
the jet. Tests on the thinnest airfoil showed no differences in the measured force over a range
from 4 inches above the orifice mouth to 15 inches above the mouth.

The alignment of the balance with the air stream was checked by reversing the airfol.
Measurement scould only be made in the region close to zero lift but no systematic differences
were found.

Errors arising from imperfections of the balance may combine to cause uncertainties of
the order of +2 per cent. In the case of the drag at negative angles of attack the midplane

—

—

.——
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center of pressure position is not known so that the values given are in the nature of estimates.
The error, however, is not likely to be greater than 5 per cent. In general, we may say that the
actual forces on the airfoils as mounted in the jet are known to about 2 per cent; but the applica-
tion of the results to numerical calculations for infinite airfoils or airfoils of any aspect ratio in
a uniform and infinite stream is subject to greater and unknown errors.

COMPARISON WITH PREVIOUS WORK

The airfoils tested in the 14-inch high-speed wind tunnel at h~c Cooli Field, mentioned
earlier in the paper, were of the same form as those used in this work. The airfoils were of 1
inch chord and 6 inch span, supported by a spindle about ~ inch in diameter extending forward
from the leading edge to the balance outside the mouth of the tunnel. Speeds just o~erlapping
the region here investigated were reached. Attempts at numerical correlation of the dat~ have
proven unsuccessful but this is not surprising in -view _cIfthe different wale of the models, the
different methods of support, and the different end conditions. The qualitative results agree
remarkably well. The shift of the angle of no lift to greater negati~e angles, the greater effects
of change in speed on the thicker wings and the flatness of the ~= versus CYcurves at negative
angles were observed at McCook Field. The crossing of the CL versus a curves was also noted.
No drag measurements or center of pressure measurements were obtained and the limitation
of speed prevented the attaining of the critical point for small angles. A vortex formation was
observed which while nearer the wing tips was in general similar to that deyxibed here.

The agreement of the results here presented with tests on an actual propeller may be seen
by comparison with the conclusions reached in R. &M. No. 884. The thrust was deduced from
Klght tests of a high tip speed propeller, and measurements were made of thrust, torque, thrust
grading, and blade angles under running conditions O? a model in a wind tunnel. The con-
clusions reached in the British report were as follows:

1. Higher tip speeds than at present used will probably involve a serious loss in effi-
ciency,

2. Lift coefficients increase considerably above 0.6 the speed of sound, reaching a
maximum at about 0,8 after which they probably decrease, Center of pressure
travels back at high speeds and drag coefficients increase.

The statement as to lift coefficient applied to a section at the tip of camber ratio 0.10 corre-
sponding to air foil hTo. 1 of the present-series. The increase in lift computed from the increase
in thrust is somewhat larger than that observed for airfoil NTO.1.

CONCLUSIONS

The experiments show that at high speeds the iqportant aerodynamic characteristics of
airfoils of the form commonly used as propeller sections are as follows:

1. The lift coefficient for a fixed angle of attack decreases Yery rapidly as the speed
increases.

2. The drag coefficient increases rapidly.
3. The center of pressure moves back toward the trailing edge.
4.-The speed at which the rapid change in the coefficients begins is decreased by (a) ;

increasing the angle of attack and by (5) increasing the camber ratio.
5. The angle of zero lift shifts to high negative angles up to the “critical speed” and

then moves rapidly toward OO.
In terms of the characteristics of propellers, these statements become:

1. The thrust coefficient for a given -value of F/lWl decreases at high speeds.
2. The power coefficient increases.
3. The twisting moment of the blade becomes less.
4, The rapid changes in the thrust and power coefficients begin at lower tip speeds

for propellers of thick section than for ~ropellers of thin section. For a given
propeller the change occurs earlier at low values of VIND than at high values.

5. The experimental mean pitch or virtual pitch increases to a maximum and then
decreases.
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It must be remembered that even when the tip speed equals the speed of sound only the tip
section travels at this speed, alI others being att lower speeds and that usually the tip sectfon is
thin. The numerical magnitude of the changes to be expected for any giwm propeller ma-y be
computed from the data given in this paper.

TABLE 1

DIMENSIONS OF AIRFOILS

AiTfoil No. 3Airfoil No. f .4i@oil No. 5

Nominal Wswd
value ‘ II

I Inch,, Inche8
Length . . . . . 17.‘2X 17.1’32-17.192
Chord . . . ..-. 3.W 2997-2 W8 I] h?nq. . .

Chor .-..

;
OrdfmA at station I

.
Ordinate at st~tion 1

i Distance 0[
station aft
of leading

edge

Distance of
station aft
of leading

edge

.-

=Flh~ominsl
value

Measum3 ‘
value

Ivomiual
value

N:m&al

—--
0. 17C-O.171
.243- .245
.32s- .331
.397- .4X7
.415- .4X
.412- .416
.39> .3’39
.361- .364
.305- .309
.235- .237
- ~~~- , l~g

Inches
o. afl-o. 221
.313- .317
.423- .429
.51C- .512
.53s .$37
.532- .584
.510-.511
.463-.%5
.39s .3%
.298-. 3C0
.19+.1s6

Inches
o. m

. MO

.3fml

.603

i%
LEQO

:%!
24C4
2 no

Inch
ft. 171

.X6
.334
.399
.4m
.414
. 3~9
.363
.303
. 23+
. L47

p?;
. ml
. 3C0
.E&l
.WO

H%
L 800
2. lml
2. al
276!3

Inch
0.219
.318
.426
.513
.540
. S14
.513
.463
.399
.3CQ
.189

Inck
0.075

. IYI

. 3fnl

.600

.Wo

t%
L ml
z ml
2.41XI
Z 7C0

Inch
0.127

. m

.237

.285
;%

.285

.261

.222

. 16s

.105

Inches
0.1234: ~

.235. 238

.X44- .2%3

.29s- .3$3

.297- .302

.2%- .2%

.s.271

.223.-.227

.m- .174

.1* .111

Airfoil No. ~ AirJoil No. 6Airfoil ,~0. .$?

Aromiuaf M;~yeed
wlue

Inchm Incha
17. NO-17.193

l;% I 3. @w

h’omin?.l NI:~eed
vafue

Length-..
Chord . . . .

1

‘ Length.-.
Chord. -..

! Distance af
I ~t&tiO*aft
\ of leading

edge

Inches I Inches
17. 2W 17. 2%-17. 207
Z.@Kl 2. W3-3. CW

Length . . . .
Chard.._

I

Ordiuate at station Ordinate at station>istame of
station aft
of Ieadmg

edge

Distance of
station aft
of leadlng

edgeh-em inaf
wdue

N-ominaf
value

.

Inch
0.147

.210

.282

.342

.340

.334

.342

.312

.234

.201

.126

Inches
0.146

0.50s -.202
.!2s2- .234
.340- .342
.359- .362
.354- .357
.341- .343
.312-. 314
.2s6 -.2%
.203- .20!3
.129 -.131

Inches
0.075

. MO

.306

:%
L~
1.502
L m
2. ml
2 4&l
2702

Inc?l
0.195

.2s2

.378

. 4s5

. 4m

.474

.4%

.417
;%

.163

Iruhm
0. 19WI. 196

.2%3- .281

.&K!- .3s1

.456- .458
. .* .4g2

.474- .477

.455- .457

.41& .419

.354- .3.57

.269-. 272

.167- .171

Inrhes
0.075

.150

.300

f%
L2w
LMQ

:%
2.4133
2. ;@l

Inch
0.243

.354

.474

.570

.’%0
- sg~
.570
.522

Inches
0.245-0. 24?

.351- .352

.475- .477

. 57& .572

.602 -.652

. W2- .596

.568- .572

. 5L9- .524

.437- .441

.333- .337

.211- .215

..444

.336

.210

Ncrm.-l%e values for the first two ordinates are direct marisu.rements between two pcints. For the other ordinate the rdrfoifwas placed on a
surface pIate end fndfc~ted. Such values may be somewhat high since the airfoil rests on high pointi of the flat 10TVWsurface.
foils 1.2,4, arid 6 the values within a few inches of one end were higher than the remaining portion.

fn the ease of air-


