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AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Length ____ _ 
Time ______ _ 
Force _____ _ 

Symbol 

l 
t 
F 

Metric 

Unit 

meter ___________________ _ 
second ____ ______________ _ 
weight of one kilogram ____ _ 

Symbol 

m 
sec 
kg 

English 

Unit Symbol 

foot (or rnile) _________ ft. (or mi.) 
second (or hour) _______ sec. (or hr.) 
weight of one pound lb. 

Powec_____ P kg/m/sec ___________________________ horsepoweL __________ HP. 

Speed ______ ---- - -- --- {~je~r_~~ = ========= = = ===== ==== === === ~~i~~===== ==== ======= rp.p~. H. 

2. GENERAL SYMBOLS, ETC. 

W, Weight,=mg 
g, Standard acceleration of gravity=9.80665 

m/sec.2 =32.1740 ft./sec. 2 

m Mass = W , 'g 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-· 

sec.2 ) at 15° C and 760 mm =0.002378 Clb.
ft.-4 sec.2) . 

Specific weight of "standard" air, 1.2255 
kg/m3 =0.07651Ib. /ft. 3 

mP, Moment of inertia (indicate axis of the 
radius of gyration, 7c, by proper sub
script) . 

S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span. 
e, Chord length. 
b/e, Aspect ratio. 
j, Distance from e. g. to elevator hinge. 
}J., Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

q, Dynamic (or impact) pressure=~ p V3 

L, Lift, absolute coefficient OL=:S 

D, Drag, absolute coefficient OD = ~ 
0, Cross - wind force, a b sol ute coefficient 

o 
OC=qS 

R, Resultant force. (Note that these coeffi
cients are twice as large as the old co
efficients L c, Dc·) 

iw Angle of setting of wings (relative to thrust 
line) . 

it, Angle of stabilizer setting with reference to 
thrust line. 

"I, Dihedral angle. 
Vl Reynolds Number, where l is a linear 

P -';' dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 

or for a model of 10 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 

OPI Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length) . 

(3, Angle of stabilizer setting with reference 
to lower wing, = (it - iw) . 

(x, Angle of attack. 
E, Angle of downwash. 
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REPORT No. 

JOINT REPORT ON STANDARDIZATION TESTS ON 
N. P. L. R. A. F. 15 AffiFOIL MODEL 

By WALTER S. DIEHL 

SUMMARY 

This report contains the wind-tunnel test data obtained in the United States on a 36 by 6 inch 
R. A. F. 15 airjoil model prepared by the British Aeronautical Research Oommittee jor international 
trials. Tests were made in cooperation with the National Advisory Oommittee jor Aeronautics at 
the Bureau oj Standards, Langley Memorial Aeronautical Laboratory, Massachusetts Institute of 
Technology, and McOook Field. 

In addition to briej descriptions oj the various wind tunnels and methods oj testing, the report 
contains an analysis oj the test data. It is shown that while in general the agreement is quite satis
jactory there are two cases in which it is unsatisjactory. Since the lac7e oj agreement in the latter 
is probably explained by errors known to be inherent in the methods oj determining and applying 
corrections in these particular tests, it is concluded that the agreement obtained is more a matter of 
technique than a wind-tunnel characteristic. 

INTRODUCTION 

During the early development of experimental aerodynamics it was found that te t data on 
the same wing section from different wind tunnels frequently showed rather large and important 
lack of agreement that could not be ignored. This condition led many engineers to distrust all 
wind-tunnel test data and for many years prevented the wind tunnel from receiving the atten
tion and credit it deserves. The situation has been greatly improved in recent years owing to 
the general adoption of more careful test methods and the application of corrections now known 
to be necessary. Since it is a matter of some interest, a few of the more important advances 
will be discussed briefly. 

The early attempts which were made to find the cause or causes of lack of agreement in 
wind-tunnel tests on airfoil models centered chiefly on interference effects from the method of 
attachment to the balance. One of the fir t papers on this subject is an appendix to a report 
by Bairstow, Pannell, Lavender, Fage, and Cowley.l It was pointed out in this paper that the 
so-called "crank-spindle" method of attachment was unreliable. Concerning this, the report 
says, "We have been unable to find any means of supporting a model airfoil from its center 
which does not involve disturbance of flow of air round the aerofoil to a considerable extent; 
with the best of such arrangements we have yet found the residual correction after subtracting 
the resistance of the spindle alone is of the order of 20 per cent on the minimum drag." The 
next important paper on the subject is by Pannell and Campbell. 2 By this time it was generally 
recognized that unless great precautions were taken, good agreement could not be obtained 
in tests on the same model with different methods of support in the same wind tunnel, while 
good agreement between two tunnels using the same method of supporting the model was dis
appointingly rare. It is to be emphasized that in this phase of wind-tunnel development the 
chief sources of error may be ascribed to lack of familiarity with the equipment and with the 
fundament.al aerodynamic laws involved. As the technique of testing improved there was a 
noticeable improvement in test data as shown by better agreement between the results in the 
various tunnels. 

I Experiments on the Variation o( the Forces and Moments on an Air(oil-as the Speed Changes. British Advisory Committee {or Aeronautics 
Reports and Memoranda No. 148, March, 1915 . 

• Pannell, J. R., and Campbell, N. R., Methods o{ Support Cor Models During the Measurement oC their Aerodynamic Resistance. Br. A. C. A. 
R&M No. 244, July, 1916. 

3 
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Further efl'ort to improve the quality of te t data led Lo a rather general adoption of the 
G6ttingen wire balance 3 with it greatly r duced interference effect from the model support. 
This type of balance ha been found very satisfactory and although the drag correction i quite 
large it may be determined with considerable accuracy when proper care js u ed. 

In 1919 ("Tragflugeltheorie" Gottingen achrichten) Prandtl 4 gave the corrections for 
tunnel-wall interference, but it wa not until about 1924 that the e corrections were generally 
known to bring most of the di cordant test results into good agreement. Glauert 5 appear to 
have o-iven the fir t experimental verifica ion of the validity of the wall-interference correction. 
In a ubsequent paper 6 he demon trated in a very trilling manner how effective th se correction 
are in bringing te t data into agreement. 

The combination of improved technique and wind-tunnel equipment, with the general 
application of wall effect correction, removed practically all doubt concerning the validity of 
wind-tunnel te t data, but it app ared desirable to conduct comparative te t on the same 
model in dillorent wind tunnel on order to e tabJi h orne mea ure or idea of the normal variations 
encountered. This project wa propo ed by a number of inve tigator , but no definite action 
wa taken until the British Aeronautical Re earch Committee decided to prepare a erie of 
model for international trial. Th inc ption and purpose of the International Trial are 
fully explained in R. and 11. No. 954 7 from which the following tatement i quoted: "Acting 
on a sugge tion made by the Director of Research, the A ronauti al Re earch Committee 
decided in March 1920, to institute comparatiye model te t in as many a possible of the a 1'0-

dynami c laboratories of the world. It wa thought that such te t ,in which the same models 
would be te te 1 succe sively by all laboratorie ,would upply valuable information which had 
not previou ly been available. The aim of wind-tunnel experimental work i to obtain reliable 
estimate of the force which would be experienced by bodies moving at pecified peeds throuo-h 
still air of infinite extent; but in practice it is nece ary to hold the model stationary and to 
o-enerate a flow of air past it and mea ur ment made in thi way are in orne degree open to 
que tion, in that the force impo ed upon the model may be afl"ected (1) by the limited extent of 
the air tream in which they arc placed and (2) by the turbulence which can never be entirely 
eliminated. The re ult mu t furthermore depend to some extent upon the methods adopted 
for connecting the model to the mea uring apparatu. Different method are adopted in differ
ent cOlmtries, and wind tunnel of varying ize and de ign are employed; thu there i orne 
uncertainty a to the extent to which a omparison can be made-e. g., between different 
aerofoils te ted in different countrie -and thi uncertainty, it \Va thought, would be reduced 
if comparative figure were available from te t upon the same models. 

"It was at fi.Tst intended that the propo ed international trial hould compri e: 
"(1) Determination of lift, drao-, and center of pres ure for a standard aerofoil model at 

variou angle of incidence. 
"(2) Re i tance measurement at zero angle of yaw on a very good streamline airship 

model. 
"(3) Te t of a complete aeroplane model, including complete determination of force and 

moment, and of the more in1portant stability derivatives. 
"At a later date it was decided to delete the third test, and under the second heading to 

te t two models differing by the amount of parallel portion included between head and tail . 
Invitations to participate in the e trial were ent to the authoritie in U. S. A., France, Italy, 
Holland, Canada, and Japan, and were in every case accepted. A model aerofoil and two 
air hip model were constrllcted at the ational Phy ical Laboratory, and after preliminary 
te t in Great Britain, these models were sent abroad, the aerofoil in the fir t instance to 
France and the air hips to U ... 

, For a description see Ergebnlsse der Aerodynamischen Versuchsanstalt zu Giittingen, 1921. 
• See also Prandtl, Applications of Modern Hydrodynamics to Aeronautics. N. A. C. A. Technical Report 1 0.116 (1921). 
I ll. Glauert, Experimental tests of the "ortex 'rheory of Airfoils. Dr. Aeronautical Research Committee Reports and Memoranda o. 9, 

November, 1923. 
'II. Glanert, All Experimental Test of the Prandtl Correction for 'runnel \\'all Interference. Dr. A. R. C. R. and M. o. 9 ,January, 1924. 
I International Trials-Report of Aerofoil Tesls at National Physical Laboratory and Royal Aircraft Establishment. Dr . A. R. C. R. and M. 

No. 954, lay, 1925. 
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"It was at first contemplated that no report should be published until all the laboratories 
had completed their mea urements, 0 that an exhaustive compari on of the result could be 
made. But the length of time involved in the e trial, where every refillement which experience 
can suggest is being employed by the collaborating establishment, ugge t that a difTeren t 
procedure is de irable, and it ha recently been decided to invite each participating nation to 
publish an account of its own tests, the intention being that when the whole serie is complete 
ome critical summary hall be prepared and publi hed by the A. R. C." 

The airfoil model was received by the I. A. C. A. in 1923, and te t were made during the 
latter part of 1923 and the early part of 1924. Owing to the limited time available it wa not 
feasible to make te ts at more than four laboratorie , as follows: Bureau of tandards, L nngley 
Memorial Aeronautical Laboratory, Mas achusetts Institute of Technology, and McCook Field. 
This report i a compilation of the data contained in the report from the e lahoratories. 

There appears to have been ome mi under tandino- regarding the nature of the te ts, 
which, according to the quotation from the British report given above, were suppo ed to be 
made with unu ual accuracy, while it wa agreed that the te ts in thi country hould be made 
in the routine manner. The model wa supplied to each of the fOllr laboratorie without peci
fication as to method of upport, wind speed to be u ed, etc. In other word, no re tricti n 
whatever were imposed. Con eq uently, there i a lack of uniformity in te t speed. , bu t it i~ 
felt that, with one exception to be noted later, the re ults may be considered as quite fairly 
repre enting the average test at each of the four laboratories. 

DESCRIP TIO N OF WIND TUNNELS 

Brief de criptions of the fOUl" wind tunnel hnv;e been compi.led from the te3t report It 
is believed that these de cription will prove to be of value in any interpretation of the test data. 

FIGU HE I. - Burea u of Standards wind tun nel 

BUREAU OF STANDARDS : The 10-foot outdoor tunnel was used in these te ts. This 
tunnel is of circular cro ection with a total length of 4 feet, divided into a cylindrical eetioo 
10 feet in diameter by 50 feet in length and an exit cone which expands to a diameter of ] 4 feet 
2 inches at the exit nnd. A honeycomb with cell 4 by 4 by 12 inches deep i installed at the 
entrance to the cylindrical section and a hort faired intake is fitted immediately in front of the 
honeycomb. The axis of the tunnel is 8 feet above the ground and the distance from the honey
comb to the working section i approximately 27 feet. The propeller ha 4 blade, 14 feet 
diameter by 9.8 feet pitch, and it is directly connected to a 200 HP. electric motor. The maxi
mum R. P. M. is about 550, giving a wind pe d of about 70 miles per hour. Figure 1 hows 
the general external appearance. 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY: Thi wind tunnel i fully described 
in . A. C. A. Technical Report o. 195,8 from which the sectional view (Fig. 2), i taken. 
The over-all length is approximately 51 feet, divided into a 15 foot 9 inch entrance cone, an 
11 foot 2 inch cylindrical te t ection, and a 24 foot 10 inch exit cone. The cross ection is every
where circular, and the throat diameter is 5 feet. The flow i effectively traightened by three 
honeycombs and a torque reactor. One of the honeycombs i located at the mouth of the entrance 

' Elliott O. Reid , tsndardizalion T ests of N. A. C . . \. No. 1 Wind Tunnel (1924) . 
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cone and the other two are at the ends of the cylindrical test section. These devices result in 
an exceptionally smooth and steady flow. 

The 4-bladed 10-foot propeller is directly connected to a 200 HP. D . O. motor. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY : The 7.5-foot wind tlmnel which was 

used in these tests is of the closed Venturi type (fig. 3), consisting of an experimental section 
7.5 feet in diameter by 15 feet in length, an elliptically flared entrance 15 feet in diameter at the 

PIon 

---':-,1 

~ ';;~iL[ _-------'d;~~1!=--l-II-fJT~ *, 
~ Ho~ycomb tubes 

I/'3 3" dia. )( 14" tapered L-__ ~ ________________________________________________________ ~--L 

~-18'-1;----46' ---+-15'-+-20'-1 

r--31'--- c----------81' ---.39'--~1 

D evotion 

~
' 7> 

I 
t 

o .... 
~ 

'" 'P 
~~~~------------------------------------------~----------~~ 
k>-------------15/'------------:~ 

FIGURE S.-Massachusetts Institute of Technology wind tunnel 

mQuth by 20 feet in length, and a straight tapered exit cone with a maximum diameter of 14 feet 
3 inches and a total length of 46 feet. The honeycomb, which is located approximately midway 
in the entrance cone, is built up from tapered tubes 3 inches in diameter by 14 inche in length. 

4-bladed propeller 14 feet 1 inch in diameter is directly connected to a 100 HP. electric 
motor. A wind speed of 60 feet per ec. is given at 300 R. P . M ., u ing about 12 horsepower. 

FIGURE 4.- McCook Field wind tunnel 

McCOOK FIELD : The 5-foot tunnuel used in the e tests has a cylindrical test section 1 
feet long, a flared intake 10 feet in diameter by 1l.25 feet in length, and a 2-piece exit cone 14 
feet maximum diameter by 68 feet over-all length. The exit cone has a straight taper from 5 
feet to 14 feet diameter in the first 44 feet of its length. The remaining length is cylindrical to 
accommodate the tandam propeller drive. The center line of the tunnel is 10 feet above the 
floor. A honeycomb built up of hexagonal tubing 4 inches across the flats and 20 inches long 
is located near the entrance of the test section and an air-flow straightener, consisting of 16 
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radical vanes, is mounted at the entrance of the intake cone. The balance is located 11.25 
feet from the honeycomb. Two propellers, 11 feet 11 inches diameter, are driven by 600-HP. 
motor. A wind speed of 150 M. P. H. is obtained at 900 R. P. M. Many of the details are 
shown in Figure 4. 

DE CRIPTIO OF MODEL 

The international standard R. A. F. 15 airfoil was of rectangular plan form, 6-inch chord 
by 36-inch pan. The material was aluminum or aluminum alloy. 

The condition of the model was a cau e of orne concern at each laboratory. The comments 
of the Bureau of tandards were as follows: "The model in it jOUTney received rather severe 
treatment. Fifty- ix holes had been drilled in various parts of it by testing laboratorie ,the con
dition of the surface was rather poor, and the model a a whole was warped and bent. The contoUT 

FIGURE 5.-Airroil plan 

of the model a received 
wa determined by the 
Gauge ection of the 
bureau. The angle of 
attack at the right tip 
was greater than that 
at the center by 0.35 0 

while the angle at the 
left tip was greater than 

that at the center by 0.10 0 * * * The value of the comparison of the measurements of 
lift and drag in different wind tunnels has been greatly reduced by the changes in the shape of 
the model." The comment from the Langley Memorial Aeronautical Laboratory were 
similar: "The model had been te ted in several laboratories before reaching Langley Field 
and bore evidences of it travel * * * While the hole, lot, etc., already in the 
wing were carefully filled with wax, the urface wa considerably rougher than that of a new, 
carefully made airfoil and, a the ordinates were not measUTed here, it i po sible that orne 
di tortion may have pa ed unnoticed. Compari on of the te t re ults with tho e from slightly 
smaller R. A. F. 15 airfoil would indicate, however, that no di tortion of major importance 
existed, and that the surface 
irregularities may have been 
re pon ible for the milllITlUm 
drag being higher than ex
pected." 

The condition of th model 
which led to the foregoinO' com
ments is clearly hown by the 
photograph made at Langley 
Field. (Figs. 5 and 6.) The FIG UR E 6.- Airroil ~ rront v iew 

ordinate as measured by the Gauge Section of the BUTeau of tandards are given in Table 1. In 
addition to the ordinates the BUTeau of tandard mea ured the CUTvatme along the span at the 
maximum ordinate and found the following distortion: 

Distance from righ t end, inches 0 6 12 24 30 36 

Heightabove center, inche ______________ 0.161 0.073 0.022 0 0.024 0.03 0.139 

Attention i invited to the fact that none of the distortions noted is very serious and that 
the effect on comparative test should be negligible 0 long a no change OCCUT from one labo
ratory to the next. The latter condition may be expect d to have been substantially met in 
the tes ts under di cu lOn. . 

METHODS OF TESTING 

Brief description of the methods of holding the model and applying corrections have been 
compiled from the te t reports. 

BUREAU OF STANDARDS : A imple wire balance employing different set-ups for lift 
!:lnd dra~ mea urement was u ed. For lift measurement the airfoil W!:lS su pended by four 
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parallel wires in the inverted position from a framework mounted on direct reading cales. The 
pair of wires on each wing tip were 3 inches apart and 20 inches long. The angle of attack was 
varied by tilting the framework. At ordinary angles the model was very steady, and a 
moderate yawing motion would give only a very small variation in the balance reading. 
Drag was taken by the shift link of the balance so that only the vertical component of the 
force was read. Measurements were not attempted at the angle of maximmn lift or higher on 
account of violent yawing motions, nor were they extended to zero lift in the inverted position 
because of the danger to the model. A few measurements were made at negative angles with 
the airfoil right side up. 

For drag measurements the wires were spread at the top in a plane perpendicular to the 
wind direction in order to reduce the yawing motion to a negligible amount. The model was 
allowed to swing downstream until the moment of the weight plus the vertical component of 
the air force balanced the moment of the horizontal component. The displacement of the 
model was measured by a sliding telescope and the total horizontal force computed. The 
correction due to the drag of the 0.0324-inch diameter wires u ed in the su pension was 
computed and amounted to about 75 per cent of the minimum drag. 

Angles of attack were determined as follows: A steel straightedge 42 inches long was 
clamped tightly to the airfoil and the di tance from each end to the floor of the tunnel measured . 
The angle of the airfoil to the floor 
with the straightedge attached was 
thus determined . ubsequent to 
the force measurements a mall 
mirror wa mounted on the surface 
of the airfoil and the change in 
angle due to the addition of the 
straightedge and the change due 
t.o air loads were measured by an 
optical method, thus determining 
the angl e under which the forces 
were measured. The inclination of 
the wind stream and the alignment 
of the balance were detennined FIGURE 7.- La ngloy M emorial Aeronaut ical L aboratory (N. A. C. A .) wire balanco 

from readings with the airfoil right . 
side up and inverted . Readings were taken at wind speed of 40, 57.5, and 100 feet pel' second. 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY : The model was supported on the 
wire balance shown in the FigLue 7. The skids upon which the wing re ted were symmetrically 
disposed, 8 inches apart. The wire izes were ,as f?llow: Front lift 0.023 inch, rear lift 0.013 
inch, drag 0.013 inch, counterweight 0.013 inch for erect runs and 0.023 inch for inverted runs. 

The wire drag correction was determined by successively replacing the wing with two dif
ferent lengths of drill rod of the same diameter and subtracting from the drag readings taken on 
one of these combinations the drag of the rod as calculated from the differences between the two 
sets of data. Tests were made with a third skid mOLmted at mid pan in an attempt to detect 
any interference or variation of support drag with angle of attack, but no perceptible change 
was found. The maximum change in angle of attack caused by the application of air load was 
measured fl.nd found to be less than 3 minutes for angles of attack below 10°. The total drag 
correction amounted t.o about 72 per cent of the minimum measured drag at 10 meters per 
second. 

Balance readings are corrected for variation of forces in the static suspension with angle of 
attack, in addition to the support drag correction. Moments are computed not about the 
leading edge but about a point one-eighth inch below the leading edge on the skid center line , 
since this procedure simplified the computations and introduced no appreciable error except in 
the immediate neighborhood of zero momenL. 

29556- 29--2 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY: A wire balance having the same general 
arrangement as the G6ttinO'en balance but greatly modified in detail, wa used. The model is 
upported by two lift wire and one moment wire and i normally inverted. The lift wires are 

attached to small fittings 18 inches apart in the leading edge and the moment wire i attached 
to a ting on the enter line of the model at a point 10 inche aft of the plane of the lift wire. 
The two lift wires lead to a cross arm mounted on a imple balance beam above the tunnel; 
the moment wire lead direct to another simple balance beam. The um of the ten ions in the 
lift and moment wires i the total lift on the model while the moment about the leading edge i 
given directly by the moment leading. 

Drag i taken by two horizontal wires attached to the lif wire fitting. The e horizontal 
drag wire are carried forward to a mall fitting from which are led two wire, one vertical and 
the other inclined up tream and downward at 45°. This arrangement give a load in the vertical 
wire exactly equal to the drag, while effectively preventing any yawing oscillation. The two 
vertical wires pa to a cross arm mounted on the third balance beam. 

The angle of attack i varied by reeling the moment wire in or out on a drum, and the 
y tern i kept in ten ion by a ingle counterweight which is attached to a wire running down 

and back over a pulley. The effective wire drag is found by substituting for the wing a form of 
known draO', a measured at the arne peed in thi tunnel on a bell-crank balance. ince the 
wire are hielded by streamlike guard, the total wire-drag correction is of the order of 65 per 
cent of the minimum drag of good 36 by 6 in he winO' model. Two calibration are nece ary 
to compen ate [or the tretch of the ""ire under load; the fir t i a direct drag calibration made 
by applying known drag to the model, and the second is a chanO'e in the fir t alibration caused 
by known lifts. A small correction for the effect of inclination in the moment wire at large 
angle of attack i nece ary. 

McCOOK FIELD: An J. P. L. type of balance wa II cd in the Me ook Field te t. Thi 
balance i well known and need no further de cription here. (ee E. P. Warner and F. H. 

orton, Wind Tunnel Balance - J. A. O. A. Technical Report o. 72.) ormally the model 
is upported vertically by a pin die in the lower end, but te t wer~ al 0 made in thi ea e with 
the model horizontal. In order to eliminate the effect of air-stream inclination the model wa 
inverted in each po ition and the mean taken of the two reading. 

In the vertical position three operator were employed to obtain be t re ult . One operator 
ob erve the Wahlen gage, which is ensi ti e to one-tenth of 1 per cent in velocity head, and 
controls the speed while the. other two operator read lift and drag. Moment reading were 
not taken imultaneou ly with lift and drag. Tare test included pindle drag u ing the dummy
spindle method and deIleetion measurement. 

TEST RESULTS 

Test re ult are given in Table II to X, inclusive. The e data may be divided into three 
group representing te t peed of approximately 35, 60, and 100 ft. per sec. Following thi 
grouping the data are plotted in Figure to 19, inclusive. The data in each group are plotted 
on polar diagram with and without wall correction and also again tang] of attack, with 
and without wall correction. 

The correction for wall eiTect is made by the Prandtl 9 formula 

and 

where S is the area of the model, D the diameter of the wind tunnel, and A the cro - eetional 
area of the wind tunnel. These corrections are added to the drag and angle of attack ob erved 
in a wind tunnel having a clo ed test section. 

'L. Prandtl, Appli cations of j\[od~rn IIydrod~'nalUics to .~c ronautics. (N . A. C. A. Technical Report TO. 116.) 

! 
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DISCUSSION OF TEST DATA 

Con ider the first group consi ting of tests made at peeds between 29.3 and 40 ft. per sec. 
The polar plot of drag uncorrected for wall effect is given on Figure 8. The ame data corrected 
for wall efl'ect are plotted on Figure 9. Comparing these two figure i t is seen that the wa11-

1.4 

/,2 

IS' IP'/ f-<r 14 " -I- -~+ l-t-12' I- 18· 

I ~ -l-t>-
1.0 

.8 

W 
S·l 

.6 

li. 

.4 
If Lobor- Sym- Ali- speed 

alary, ". bois, ff./see . 
- " L.MAL O - f--- 32.8 - I--
2· B. of 5. 0 40.0 
r Mcc.r + 29.3 

0" 

-I' - 2· o 
-3· 

1\ -4· - f-

};-S' 1" '--

-:2 

.I .2 .3 
Lj, 

li' 1G l: Hl!: 8 

32 

28 

24 0 

/.6 
I ,I 1 1 ,I J -' ~. 1 L l I--f- Lobor- Symbols AIr speed,-

f- alary, _ CL _ CD ~ c.p - f- ff.!see . 
L.M.A.L. 0 • 0 32.8 I 

f-B.ofS. - 0 - () 1--±- 4 0.0 ! 
McC. F. + Gl e 29. 3 

/.4 

20 20 
0 

~ ~ "',,-c.p. .! I': '" !.O 

I'--- ~ ~ 
16 40 'S l~ V 1/ ,// 

/1 
.8 

.6 

li. 
.4 

o 

-:2 

1\ 

1/ 

~ 

,I 
hi 

I--

il 
-.4 -4' 

/1 

I 

rT ~ 

f-

O· 

j 
~ 

12 60 '~ 
V 

II !J CL 

08 80 .I 1/1' 

V V 

04100 J 

.... V CD 

a 

i 
CD 

4· 8· 12· 16° 20· 
lX 

F JGt;RE 10 

Q.; 
~ 

1.0 
IO'~~/O . • 

11"" ./2' 

.8~~8+~-.~, e~.47j~.-+-+-4~~~+-+-~~-+-4-4 

.6 ~:~f' 6. 

eL 4.2 °
427

, 
4.0 

.4 3.0/!' 
2.18 l.i f' 
1.!4~~" 

/.0 · 
.2 '08 

·02 
" 07 
97 o 98 
. 2.1° 

-2 '2. 2° 
-3. So 

~: .10 
-:2 - 4 i" 

. ~f6.!7' 
. 1 

Lobor- Sym- Air speed, 
alary, bois, fl.!see. 
L.M.A.L. 0 -~ 32.8 -f
B.ofS. 0 40.0 
McC. F. + 29.3 

.2. . .3 
Co' 

FIG URE g 

/.6 
- lor) )ymbo/1 ~) sp1eJ If 32 

1.4 

1.2 

_ o torY'Lli. _ C.D'I _ f.- fl/see. D 
L.M.A.L. o . 32.8 I - B.ofS. - 0 - () - ~ 40.0 

1 McC.F. + Gl 29.3 

28 

24 

!.O 
~ ~ ~" 

1/ I ~.- . 20 

. 8 
/ II t- . III 16 

.6 
CL bI (7 

) I 
CL 

.4 
"j 

f1' 

11 

.2 1\ I ./'If 

\r-,.. .-V CD 
04 

0 
[? - o 

,I 

If 
-.2 

II 
tI 

-.4 -4' O· 4· 8· 12· 16· 20· 
lX 

FIGURE 11 

elleet correction results in better agreement. The same conclusion may be reached from a 
tudy of these data plotted against angle of attack as in F igure 10 and I I. 

The second group of tests were made at peeds between 57.5 and 65.6 ft. per sec. The 
polar plot of uncorrected data (fig. 12) show greater divergencies than doe Figure ) but 
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most of the discrepancies are ironed out when the wall effect correction is applied, as shown in 
Figure 13. The two outstanding differences from mean values are the high maximum lift obtained 
in the McCook Field tests and the low minimum drag obtained in the Massachusetts Institute 
of Technology tests. These will be cliscussecllater. 
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The third group consists of only two tests, one at 98.4 ft. per ec., the other at 100 ft. 
per sec. In this group the polar plots (fig. 16 and 17) show close agreement, but the plot 
against angle Of attack (figs. 18 and 19) show some differences. The agreement is improved , 
however, by applying the wall interference. correction. 

1 
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.A summary of the test data given in T able :XI brings out the general point of agreement 
or divergence. These will now be onsidered individually, using the corrected test data only. 

I. MAXIMUM LIFT.-The values of CLmax range from 1.040 to 1.153, but the McCook 
Field values of 1.110 and 1.153 look questionable. If the e be neglected, the variation i from 
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1.040 to 1.093. This must be considered reasonable agreement in this quantity which is sensi
tive to a number of factors, some tending to increase, some tending to decrease the observed 
value. In this case, the characteri tics at high angles of attack in the M cCook Field test at 
40 miles per hour were determined with the model attached horizontally at its center to the 
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spindle of the N. P. L. type balance. This type of attachment is known to yield very unreliable 
results and the agreement obtained, though not close, speaks well for the care used in mea Ul'ing 
the correction in this case. In the tests at 20 miles per hoUl' the model was held vertically by 
an end spindle and the average of the readings taken at a limited number of angles was u ed to 
determine the correction at all angles for spindle drag interference. This procedure is con idered 
inadvisable, since there is no assurance that the correction doe not vary erratically. The 
general practice is to determine the correction at each angle of attack. The report does not 
mention a correction for spindle lift and it i assumed that none was applied. T his may partially 
explain the high maximum lift since this correction normally reduces the measUl'ed lift. 

II . MI'IMUM DRAG.-With the exception of the M. 1. T . value, the agreement in minimum 
drag is very good. While the values of CD min range from 0.013 to 0.0147, part of the variation 
is due to scale effect as shown by the plot of aD min against test speed on Figure 20. aD min 

would be expected to vary along a curve similar to the dotted line shown on this figure. 
In regard to the low value of aD mi n obtained in the M. 1. T. tests, the report from this 

laboratory contains the following statement: "The test on this airfoil wa made in a routine 
manner, no extra preparation being made or precautions beyond those regularly taken being 
used. It is felt that the proper comparison is between routine te ts and not between tho e of 
a highly specialized nature." Readings were taken at intervals of 2° over the entire angular 
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range of the tests, and the drag correction of the wire balance was determined by attaching a 
streamline rod the drag of which had been measured on a bell-crank balance. T his at be t 
gives only a close approximation to the wire drag correction, and ome doubt naturally exi ts 
a to the accuracy in thi case. In the Langley Field tests the wire drag correction was deter
mined by testing two lengths of the ame size rod on the wire balan e, thus eliminating the 
attachment interference involved in the bell-crank balance. 

After allowance has been .made for different method of holding the model and the general 
difficulty of securing great accuracy in measuring a low minimum drag, it is believed that a 
variation of more than 5 per cent from the mean hould be con idered exces ive. It is generally 
agreed that in order to obtain accurate minimum drag data, the drag correction must be yery 
accurately determined and the readings for model in normal and inverted positions averaged in 
order to eliminate the effects of unsymmetrical air flow. The M. 1. T. te ts were pUl'ely 
routine, and as such did not include the precautions usually employed in a precision test. While 
the remaining data arc in good agreement, it appears probable that the drag values are low for 
this reason. 

III. MAXIMUM ~.-U ing faired value altogether, the agreement in maximum LID is 

very satisfactory. The extreme range is from 17.30 to 19.20, but if allowance be made for scale 
effect the deviation from a mean curve is relatively small, as shown on Figure 21. 
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IV R OL rna" Thi ., ltd' d' F ' Th . . ATIO 0 .- s ratlO 1 pot e agalIlst test spee III Igure 22. e extreme vana-
D rntn 

tion is from 73 to 84.6 if the M. 1. T. value is included, or from 73 to 79.3 if the M. 1. T. value 
is neglected. Again, part of the variation is due to scale effect as indicated by the dotted curve 
on Figure 21, which shows the expected trend. 

V. CENTER OF PRESSURE.-A large scale plot of center of pressure C p again t angle of attack 
is given on Figure 23. The Langley Field value at 20 and 30 meter per second and the McCook 
Field values at 20 miles per hour are in excellent agreement, while the Langley Field values at 
10 meters per second are apparently about lY2 per cent to 2 per cent too far forward and the 
M. 1. T . values at 40 miles per hour are apparently about lY2 per cent too far aft. Centers of 
pressure were not measured in the Bureau of Standards tests. 

The agreement obtained is really quite sati factory since a wire balance of the type used 
at Langley Field is rather unsatisfactory for measuring both forces and moments at low speeds. 

CONCLUSIO S 

A number of conclusions may be drawn from a study of these tests and while these con
clusions are, in general, not new, it is con idered de irable to give them a a general summary. 

1. The Prandtl wall-effect correction is of great value. This correction should be incor
porated in all published wind-tunnel data. 

IDa I I I 
f-O L.M.AL 

0 B.ofS. I 

90 f-+ Mc C. F. 
x M.l.T. 

x 

I-
+ - -+ -~ 

.. ~ 
E E 
~rj80 

V 
0 '-

0 

70 

cD 40 60 80 lao 
Tesf speed, fl/sec., V 

FIGURE 22 

I--

.48 

.44 
~ 
QJ' 

~ .40 
t/) 

~ 
Q.36 
"o 
~.3c 

S 
~.28 

\1 

\~ 
\ ,f 

~\ ~'" 
t:--, f' 

'\. 
r--

0' L.M.A.L. 32.8 ff./sec. 
• " 65.6 • 

.0 " 98.4 .. 
X M.I. T. 58.7 .. 
+ McC.F. 29.3 " 

/ 
1:::-, / 'j 

f'--t----i-t:: V / / 
t-+- r-t-- x 

i..--' 
1-- ' V 

..1 
120 .240 ° 20 40 6° 8° 10° 12° 14° - /6° 

or 
FIGURE 23 

2. The agreement between the results from various wind tU!lIlels, obtained in comparative 
tests of thi type depend almost entirely on the care used in making the test . 

3. If accurate result are required, it i e sential that all source of error be investigated 
at each angle of attack. There is no a SLuance that a correction mea ured at one or two angles 
of attack can be interpolated 01' extrapolated. 

4. The practice of te ting an airfoil in both the upright and the inverted attitude and aver
aging the results hould be made general. 

5. During the]a t few year a very marked improvement in the quality of wind-tunnel test 
data has been made. The average routine test as now made is quite accurate for all design 
purposes. 

6. The e standardization tests should be of con iderable interest and some value, but it 
is not likely that any similar additional series of tests would supply any new or valuable infor
mation. uch routine tests as are needed for standardization purpo e can probably be handled 
most satisfactorily by agreement between the laboratories concerned. 
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R. A. F. 15 Airfoil " was issued without de ignation of authors, but it is understood that these 
were Dr. H. L. Dryden and Mr. G. C. Hill . 

Langley Memorial Aeronautical Laboratory : The te t data from this laboratory are given 
in a report enti tled " T e ts of . P . L . tandard Airfoil Model. " The authors are no t indicated 
but it is understood that these were Mr. E. G. Reid, Mr. A . J. Fairbank , and Mr. E . D. P erkin . 

Massachusetts .Institute of Technology: The data from this laboratory are given in a 
report entitled " R eport on T est of Briti h International Trial Airfoil," Report erial o. 204 , 
by Mr. Shatswell Ober. 

McCook Field : The data from thi laboratory are given in a report entitled " T est in McCook 
Field Five-Foot Wind Tunnel of R. A. F . 15 , 6 by 36 inch Airfoil ( . P. L . Metal Airfoil Circu
lated by . A . C. A. for Wind Tunnel Stfmdardization T ests) ." Thi report i also designated 
as " Wind Tunnel T est o. 104 ' and i by Mr. E. J. Fales. 

T ABLES 

Table Air speed Table 

I. Ord inates of Model. VII . L. M. A. L ____________ ________ _ 
Air speed 

98.4 f. p . s. 
5 . 7 f . p . s. 
29.3 f. p. s. 
58. 7 f. p. s. 

II . Bureau of Standards __________ 40 f. p. s. 
III . Bureau of Standard _ _ _ _ _ _ _ _ _ _ 57. 5 f. p . . 
IV. Bureau of tanda rd __________ 100 f. p . . 

VIII. M . I. T _______________________ _ 
IX. McCook Field ____ ~ ____________ _ 
X. McCook Field __ _______________ _ 

V. L. M . A. L ___________________ 32. 8 f. p . . XI. Summary of Test Data. 
VI. L. M. A. L ___ _______________ 65. 6 f. p . s. 

TABLE I 

Ordinates of 6 by 36 inch I nternational StandaTd Ailjoil a.~ measw'ed by the Gauge ection of the Bureau of Standanls 

ectio n J 2 inches from Section 167.( inches ection 24 inches from tandard R. A. F. 15 
Distance 

right tip from right tip right tip 

fromL . E. 
Upper Lower Upper .Lower Upper Lower Upper Lower 

' nches I nch Inch /1lch I nch I nch I nch ' nch ]1Ich 

0. 00 --------- --------- ------ . -- --------- --------- --------- ---------- ----------
. 15 O. 024 O. 234 0.023 0.232 0. 022 0. 22 6 0.0216 
.30 . 006 .301 . 006 .300 . 005 .2970 . 0072 
.45 . 002 .341 . 000 . 340 . 000 .3360 .0018 
.60 . 000 . 367 . 001 .365 . 001 . 3606 . 0006 
.90 . 001 . 395 . Oll .393 . Oll .3900 . 01l4 

1. 20 . 026 .407 . 026 .405 . 025 . 4014 . 025 
1.80 . 051 .406 . 052 . 405 . 052 .401 4 . 0504 
2. 40 . 047 . 391 . 04 . 390 .04 . 3 70 .04 0 
3. 00 . 032 .367 .033 . 366 .033 . 3642 . 0336 
3. 60 . 012 .334 . 012 . 334 . Oll . 331 . 0126 
4. 20 .000 .2 9 . 000 .2 . 000 .2 6 .0012 
4. 0 . 001 .234 . 003 .235 . 001 . 2334 . 0018 
5. 40 .012 . 168 . 014 .169 . 012 . 1704 .013 

I OTE.-Ordinates given are t he heights above a plane tangen t to t he lower surface. 
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TABLE II 

International Standard R. A. F. 15 model, Bureau of Standards 10-foot wind tunnel, J tm e, 192J,. 

[Air speed, 40 feet per second] 

Corrected for wall effect 

CL CD LID 
CD LID 

--=:-1 - 0.1 0 O. 0274 - 6.56 - 4.02 O. 0275 - 6.54 
- 2 - 0.033 . 0167 - 1.9 - 2.00 .0167 - 1. 98 

0 + .141 .0143 9. 85 + .02 .0143 + 9. 5 
1 . 240 .0157 15.30 1. 03 .0Hi 15. 20 
2 .32 .01 4 17. 82 2. 04 .01 7 17.54 
3 . 406 .0221 1 . 35 3. 06 . 0225 1 .03 
4 .475 .0271 17.50 4. 07 .0276 17.20 
6 .616 .03 5 16.00 6. 0 .0394 15. 62 
8 .762 .0513 14. 5 .10 .0527 14. 46 

10 91 .070 12.60 10. 12 .0727 12. 23 
12 . 995 . 0 33 11. 93 12.14 .0 57 11. 61 
14 1. 051 . 105 9.95 14. 14 .10 5 9.70 

TABLE III 

International tandard R. A. F. 15 model, Bureau of Standards, Jtme, 192J,. 

[Air speed , 57.5 feet per second] 

-
Corrected for wall effect 

a CL CD LID 
C< CD LID 

----
- 4 - 0.173 ---------- ----------- - 4.02 -- -------- -----------
- 2 - .015 ---------- ----------- - 2.00 ---------- -----------

0 + .16 O. 0141 + 11. 91 + .02 O. 0142 + 11. 2 
1 .257 .0152 16.90 1. 04 .0] 54 16.6 
2 .336 .0178 18. 86 2. 05 .01 1 18. 55 
3 .410 .0216 1 .96 3. 06 .0220 18.63 
4 • 4. 1 . 0264 18. 22 4. 07 . 0270 17.82 
6 .621 . 0379 16.38 6. 09 . 038 16. 00 
8 .778 .0522 14. 90 . 11 .0537 14. 50 

10 .907 .06 1 13. 32 10.12 . 0701 12. 94 
12 1. 006 .0 2 12. 17 12. 14 .0 52 11. 4. 
14 L. 052 . 1053 9.99 14.14 . 10 0 9. 74 

TABLE IV 

International Standard R. A. F. 15 Airfoil model, Bureau of Standards, J une, 192J,. 

[Air speed, 100 feet per second] 

I Corrected for wall effect 

I C< CL CD LID 
C< CO LID 

- 4 - 0.173 '---------- -- - --- - ---- - 4. 02 ---------- -----------
- 2 .000 I 0.0000 O. 00 I - 2. 00 O. 00 I ----------

0 + .175 .0140 + 12. 50 .02 0.0141 + 12.41 
1 .262 . 0154 17.00 1. 04 . 0156 16. 0 
2 .346 . 01 5 18.70 2.05 .0188 18. 40 
3 .430 .0226 19.00 3. 06 . 0230 18.70 
4 .508 . 0277 18.35 4. 07 .02 3 17.96 
6 .658 . 0367 17.93 6.09 .0377 17. 46 
8 .799 .0492 16.23 8.11 .0507 15. 0 

10 .935 .0655 14. 28 10. 13 .0676 13.83 
12 1. 059 . 0841 12.60 12. 14 . 0868 ----::'-=~ --I 14 1. 093 - - - - ------ - --- -- - ---- 14. 15 ----------
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TABLE V 

International Standard R. A. F. 15 Airfoil, Langley Memorial Aeronautical Laboratory 5-foot wind tunnel 

['rest speed (10 meters per second) , 32.8 (eet per second] 
, 

Corrected (or wall effect 
a CL Co LID C. 

a CD LID 

-3 -0.092 O. 0198 -4. 65 -4.56 -3.05 O. 0199 -4.62 
-2 -.017 .0173 -.98 -.851 -2.01 .0173 -.9 
-1 +. 052 . 0154 +3.38 +.760 -.97 .0154 +3.3 

0 .142 . 0145 9. 79 .462 +.08 .0147 9. 66 
+ 1 .248 . 0152 16.32 . .326 1. 14 .0157 15. 78 

2 .328 .017 18. 43 .324 2. 18 .01 7 17.54 
3 .403 .0215 1 .76 .287 3. 22 .0230 17.53 
4 .480 .0257 18. 68 .275 4. 26 .0279 17.20 
5 .555 .0308 18. 00 .281 5. 30 .0338 16. 42 
6 .632 .0368 17.20 .268 6. 35 .0406 15. 58 
8 .781 .0504 15. 50 .261 .43 .0563 13. 86 

I 10 .920 .0665 13. 83 .258 10. 50 .0746 12. 33 
12 1. 042 .0843 12. 51 .251 12. 57 .0947 11. 00 
14 1. 078 .1199 9. 00 .252 14.5 .1310 .23 
16 1. 020 .2181 4. 68 .308 16. 56 .22 1 4. 47 
18 .947 .3008 3. 15 .354 1 .52 .3095 3.05 

TABLE VI 

l ntemational Standard R. A. F. 15 Airfoil, Langley Memorial Aeronautical Labomtory 5-100t wind tunnel, OctobeT, 
1923 

[Test speed (20 meters per second), 65.6 feet per second] 

I-a Corrected for wall effect 
a CL CD LID C. 

CD LID 

-3 -0. 088 0.0189 -4.66 -4.04 -3.05 0.0190 -4.63 
-2 -.008 .0163 -.49 -2.27 -2.00 .0163 -.49 
-1 +.00 . 0147 +5.43 +.620 -.96 .014 +5. 41 

0 .167 .0149 11. 20 .460 + .09 .0152 10. 9 
1 .246 .0163 15.10 .373 1. 13 .0169 14. 55 
2 .322 .0184 17.50 .336 2. 18 .0194 16. 60 
3 .398 . 0211 18 . 5 .313 3. 22 .0226 17.60 
4 . 472 .0246 19.1 .305 4. 26 .0267 17.67 
5 . 549 .0291 1 . 86 .294 5. 30 .0320 17.16 
6 .626 .0345 1 .14 .2 9 6. 35 .03 2 16. 38 
8 .777 .0470 16. 53 .279 8.43 .0527 14.72 

10 .917 .0612 14. 96 .269 10. 50 .0692 13. 24 
12 1.014 .0792 12.80 .267 12. 56 .0 90 11. 40 
14 1. 069 .11 6 9.01 .272 14. 59 .1295 8. 25 
16 1. 050 .2008 5. 22 .311 16. 5 .2113 4. 97 
18 .986 .278 3. 53 .352 18. 54 .2 81 3. 42 

TABLE VII 

International StandaTd R. A. F. 15 Airfoil, Langley Memorial Aeronautical Labomtory 5-foot wind tunnel, October, 
1923 

[Test speed (30 meters per second), 9S.4 feet per second] 

Corrected for wall effect 
a CL CD LID C. 

'" CD LID ---
-3 -0. 01 0.0176 -4.60 -5.79 -3.04 0.0177 -4.57 
-2 +.004 .0149 +.27 +9.42 -1. 99 .0149 +.27 

I -1 .096 .0137 7. 04 .593 -.95 .0138 6. 96 
0 .171 .0144 11. 92 .433 +. 09 .0147 11. 60 
1 .240 . 0159 15.13 .370 1. 13 .' 0165 14. 52 
2 . 316 .0174 18. 12 .335 2. 17 .0184 17.17 
3 .394 .0201 19. 57 .315 3. 22 .0216 1 . 24 

I 
4 .469 .023 19. 72 .313 4. 26 .0259 18. 11 
5 .547 .02 1 19. 44 .296 5. 30 .0309 17.70 
6 .621 .0329 1 . 91 .2 9 6.34 .0366 16. 97 
8 .771 .0446 17.32 .278 8.42 .0503 15.33 

10 . 912 .05 15. 52 .275 10. 50 .0667 13. 67 
12 1. 027 . 0779 13. 1 .266 12. 56 .0 0 

I 
11. 67 

14 1. 059 .1206 . 75 

I 
.282 14.58 

I 
. 1313 .07 

16 1. 055 . 1805 5. 82 .331 16.58 .1911 5. 52 
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TABLE VIn 

International Standard R. A. F. 15 Airfoil model, Massachusettes Institute of T echnology 7yz-foot wind tunnel 
February, 1924 

[Air speed, 58.67 feet per second.] 

-, Corrected for wall effect 

I_a CL CD LID C. 
I a CD LID 

1- -I 
-4 -0.144 0.0210 -6.85 ---------- -4.0 O. 0212 -6.79 
-2 -.006 .0138 -.43 ---------- -2. 0 .0138 -.43 

0 +.176 .0122 +14.42 0.441 .0 . 0124 +14.09 
2 .328 .0166 19. 76 .348 +2.1 .0172 19.17 
4 .472 .0242 19. 50 .317 4.1 .0252 18.73 
6 .618 .0346 17.88 .299 6. 2 .0362 17.07 
8 .758 . 0478 15. 86 .289 8. 2 . 0502 15.10 

10 .894 .0634 14.10 .285 10. 2 .0668 13. 38 
12 1. 012 .0810 12. 50 .276 12. 2 .0852 11. 88 
14 1. 026 .1154 8. 88 .294 14. 3 . 1198 8. 56 
16 .976 .1792 5. 44 .336 16.2 . 1840 5. 30 
18 .888 .2608 3. 40 .391 18.2 .2640 3. 36 

TABLE IX 

I ntemational Standard R. A. F. 15 Airfoil, McCook Field 5-foot wind tunnel, March, 1924 

[Test speed (20 miles per hour), 29.3 feet per second] 

I Corrected for wall effect 

a CL 

I 
CD LID C. -- -

a CD LID 
-

-6 -0.337 O. 0598 -5.63 ---------- -6.19 O. 0608 -5.54 
-4 -.152 .0285 -5.33 -5.98 -4. 10 .0287 -6.11 

I 
-2 -.033 .0168 -1. 97 -.463 -2.02 .0168 -1. 97 
-1 +.042 .0156 +2.68 .822 -.98 .0156 +2.68 

0 .131 .0145 9.03 .443 +.07 .0146 8.96 
+ 1 .242 .0149 16. 22 .379 1. 14 .0154 15. 73 

2 .331 .0184 18.00 .345 2. 19 .0194 17.00 
4 .483 .0266 18. 16 .303 4. 27 . 0289 16. 70 
6 .638 .0371 17.20 .286 6. 36 . 0412 15.50 
8 .785 .0508 15. 48 .275 8. 44 .0568 13. 82 

10 .928 .0693 13. 40 .272 10. 52 .0776 11. 97 
12 1. 057 .0859 12.31 .267 12. 60 . 0970 10. 89 
14 1.106 .1329 8. 32 . 274 14.62 . 1446 7. 65 

I 
16' 1. 060 .2325 4.56 .323 16.60 .2435 4.35 
18 1. 004 .3000 3. 35 .360 18. 57 .3100 3. 24 

TABLE X 

Intemational Standard R. A . F. 15 Airfoil, McCook Field 5-foot wind tunnel, March, 1924 

[Test speed (40 miles per hour), 58.7 feet per second] 

. 
I 

Corrected for wall effect 

" CL CD LID 
a CD LID 

- - - -

-6 -0.329 0.0589 -5.58 -6. 18 O. 0599 -5.50 
-4 -.174 .0268 -6.50 -4.10 .0271 -6.42 
-2 -.012 .0163 -7.36 -2.01 .0163 -.74 

0 +.187 .0144 + 12.98 4.11 .0148 +12.62 
2 .355 .0188 18. 88 2. 20 .0201 17.68 
4 .510 .0262 19. 46 2.29 .0275 18. 53 
6 .673 .0370 18. 20 6.38 .0415 16. 20 
8 .826 .0512 16.10 8. 46 .0577 14. 32 

10 .971 .0687 14.12 10.55 .0780 12.45 
12 1. 093 .0921 11.86 12. 62 .1038 10. 53 
14 1. 140 .1296 8. 78 14. 64 .1424 8. 00 
16 1. 133 .2120 5.33 16.64 .2247 I 5. 05 

---
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TABLE XI 

I nternational Standard R . A. F. 15 Airfoil, summary of test data 

Laboratory 

T e t peed, f. p. s ___ ___ ___ __________________________ ______ _ _ 

CL maz ------ - ----------- - -------------------- - -- - ------- - --

1. Data uncorrected for wall effect 

CD min- - -- -------------- -------------------- ---------------L IDma• ____ _____ ______________________________________ _ ----
CL ma.ICD min- - - -- - - - -- - -- - -- - - -- - -- - -- - - -- -- -- - -- - -- -- - -- --

2. Data corrected Jor wall effect 

CD min- - - - -------------------------------- -- ----- - ----- ----L IDma• ____ ____________________________________________ ----
C L ma.1 CD min - - - -- - -- - - -- -- - - -- - -- -- -- -- - -- - -- - - -- - - - -- - -- - -a for zero lif t- _________ ______________________________ ______ _ 

40. 0 
1. 050 

.0140 
18. 40 
75. 0 

.0141 
1 . 10 
74.5 

- 1. 62 

Bureau of Standards 

57. 5 
1. 050 

. 0138 
19. 10 
76. 1 

. 0139 
18. 75 
75.5 

- 1. 84 

100. 0 
1. 093 

.0137 
19. 10 
79. 

. 0138 
1 . 70 
79.3 

- 2.00 

Laboratory 

I 
Langley Memorial Aeronautical Laboratory 

-----;----;-

T e t speed, f. p . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 32. 8 65. 6 9 . 4 

CL ma.- --------------- - -- -- ------------------------------ __ 1. 0 3 1. 073 1. 057 

1. Data uncorrected for wall effect 

CD mjn - - - --------------- - -------- - ------ ---- _____ - - ----- __ _ L I Dmaz __________________________________________________ --

CL ma.ICD m;n- - ------ -------------- --- --- --------- --- ----- --

2 . Data corrected for wall effect 

CD mj'l - - - - ---- ------------------ __________ - _______________ _ L IDma• ______ __________________________________________ ----
CL ma.ICD min- - - -- - - -- - -- - - -- -- - - -- - -- - -- - -- - - - --- -- - - -- - ---a for zero lift __ ____________________________________________ _ 

.0145 
1 . 0 
74. 7 

. 01 47 
17.60 
73.7 

- 1. 75 

. 0145 
19. 20 
74. 1 

.0147 
17.75 
73. 0 

- 1. 91 

. 0137 
19. 0 
77. 2 

. 0138 
1 .30 
76.6 

-1. 96 

Laboratory 
Massachusetts 

Institute of 
Technology 

McCook Field 

~~S!a:~~e~~ _f~ :", _s_-_ ~ ~ = = == = == = == = = = = = == == = = = = == = = = = == = = == = = = = =1 
1 . Data uncorrected for wall effect 

CD min----- - - ---- - --- - -- - -- --------- - ---------------- ------L IDma• ____ _______ ______ _______________________________ ----
CL ma.ICD min - - - -- - -- - -- - -- -- -- -- --- -- - -- - - - - _ -- -- - -- - -- _ ---

2 . Data corrected for wall effect 

CD min- - ------ - -- - ----- ---- --------------------- - ---- -- -- __ I L IDma• ______ ____ ____ __ ____ ____ ______________ ___ _______ - ---

S Lf;ra~e~g lift = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = I 
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1. 040 
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19.20 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Sym- to axis) Designa- Sym-Designation bol symbol tion bol 

LongitudinaL __ X X rolling _____ L 
LateraL ___ ___ _ Y Y pitching ____ M 
NormaL ___ ___ Z Z yawing _____ N 

Absolute coefficients of moment 

L M N 
OL=qbS OM=qcS ON= qfS 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 

axis) 

Y-----+Z roll ______ <I> 'U P 
Z-----+X pitch _____ e v q 
X-----+Y yaw _____ 'lr w r 

Angle of set of control surface (relative to neu
tral position), o. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

D, Diameter. 
Pt, Effective pitch 
Po, Mean geometrio pitch. 
P., Standard pitch. 
pv, Zero thrust. 
pa, Zero torque. 
pID, Pitch ratio. 
V', Inflow velocity. 
V., Slip stream velocity. 

T, Thrust. 
Q, Torque. 
P, Power. 

(If "coefficients" are introduced all 
units used must be consistent.) 

1], Efficiency = T VIP. 
n, Revolutions per sec., r. p. s. 
N, R evolutions per minute., R. P. M. 

<P, Effective helix angle=tan-l(~) 
27rffl 

5. NUMERICAL RELATIONS 

1 HP = 76.04 kg/m/sec. = 550 lb./ft./sec. 
1 kg/m/sec. =0.01315 HP. 
1 mi./hr. =0.44704 m/sec. 
1 m/sec. =2.23693 mi./hr. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m=3.2808333 ft. 




