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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS,
TECHNICAL NOTE NO. %34.
S’TANDARDIZATIONAND AERODYNAWCS.*
By William Knight, M.E.
In the last tvpoyea~~ wh~~e I WaS ‘the Technical Assistant in
Europe to the National AdvisorY Committee for Aeronautics$ I have
discussed several times with various people interested in aerody.
namics the vital nece5si@ of getting together re~reseutatives of

-

aerodynamic laboratorfe~ both in Europe and tn America for the
standardization of the Work performed in such laboratories,
Aerodynamics being a new science and not having the traditions which burden the older sciences can easily be standardized
1

and the methods of work adopted in the various laboratories“
brought into line.
These results, I am oonvinced, cannot be cbtained.unless a
congress is called of representatives of leading aerodynamic laboratories, without any discrj.minationbetween former enemies and
fcrmer allies and the appoin-:edtask of such a congress should-be
to reach an understanding as to the coordination and standardiz-

.

ation of laboratory work which is, in my “estimation,absolutely

‘

essential to the progress of this new science,
In fact, if we compare the results of tests wade &

the same

models by different laboratories, we shall see that very frequently
these results do not agree,
\

I will give tvo typical examples Of thic.

lst, ‘Theresults of tests on wings made by the National
Physical Laboratory (N,P.L.) regularly give better polars than
* From Aerial Ages Juge 20, 1921,

-2those obtained by the E~fel

Laboratory (E-L.). %virig noticed

this fact, the E.L. tested wings having R.A.F. sections NOS. 14>
15, and 16, the same as those tested by”the N.P,L.: thetdimensions were, 90 x M

cm.(z~ u.4~f x 5,9rf);the tests being made at

the sPeeds of 12.2 and 25 m/see (40’ and 821 per see). The models tested by the N.P.L. had the dimensions: 45.7 x 7.6 cm (181
x 3!) and were tested at a speed of 12*~ m/se~ (40’ per seG).

.-

l’hecomparison of the diagrams obtained by plotting the experimental results, shows that the models tested by the N.p~L.
are better, not only when compared to the plots of the E,L. exPer@ents

obtained at 12.2 m/see (40’ per see), but also when

compared to those obtained at 25 m/see (82t per see).
C~~ing the war, the French Militaqr Lero..~~ti@.l~eclmic~l
Section sent to .airp~ane~n~actmers

the results Of the tests

made on”wings in both laboratories, and the difference between
the two resultsled

the manufacturers to believe that the wing

sections tested by the N.P.L. were better than those tested by
- the E.L., the truth being, however, that the sections were geometrically similar.and that the difference was due either to
erzors in measurement, or to errors in the determination of t~e
speeds.
2nd.

The G~ttingen Laboratory, comparing its results as ob-

tained in a closed cir~uit tunnel, with thdse obtained in tests
on spheres made at the E,L. in a tunnel with a sucking fan, and
with those made at the St. Cyr Laboratory in a tunnel with a blowing fan, noted that for certain values of

.

~/@

the coefficients

“

-i5)
found were much greater than those found by the E.L. and the
St. Cyr Laboratory. The G8ttingen Laboratory explains this difference by the aerodynami~l nature of the air current, turbulent
at the E.L. and at the St. Cyr Laboratory, and non-turbulent at
C&ttingen.
I may add that the St. Cyr Laboratory has found in two tunnels of different diameters with Sucking fans at the diffuser
endj the same results as those obtained at G~ttingen. We thus
See that d~fferences in results &a”Ybe ‘due,not only to errors
in testing, but What is of much gr~ter

impo~ta~ce, to the “aero-

dynamic nature .of the airflow adopted.
lt is out of the question that,the present state of things
is fraught with danger to the Science ofAerodynamics.

As a

matter of factj when these ~vergenc~es a,~ebro~ffhtbefore the
public, and especially before ~trplane manufacturers, as they
must inevitably be, confidence in the work of the laboratories
.
mill be utterly shaken.
The’matter is, therefore, very urgent, and the appointed
task of the proposed congress should be to seek out the truth.
For this purpose the congress should have first to compare together the results obtained up to date, and then decide on what
compar~tive t’estsshould be made, and what methods could be employed, to ensure uniform results. These should, however, be SU&
that the laws of similitude to be applied in passing from experime~ts on models to those on full size ai~~aneq
great r simplicity,
.,

shall be of

-4>

The congress should also have to decide on the types of models and on the conditions of tests. Too many laboratories still
use models which are too small, or speeds too greatly reduced,
thus leading to tesults which cannot be utilized, either as to
quantity or quality.
The science of aerodynamics should not only seek to obtain
uniform results in experimental investigations: it should also
serve to facilitate the practical application by technioal men Of
the experimental results obtained in the laboratories. The.con.
gress should therefore take up the question of the standardization
of symbols and notations,
AS regards the symbols einployed;we may divide the laboratories into two groups. One group, including the N,P,L, and the
G~ttingen Laboratory, uses non-dimensional symbols. The other
group, comprising the American, French, and Italian laboratories,
uses dimensional symbols expressed either in fundamental units
such ~S used in the Kg,-meter-sec system} or the ft-lbs-sec systern,or practical units such as kzn/houror mile/hour, and w
(metric or British).
Besides the divergency in the system of units employedby
the laboratories for expressing coefficients, there is also divergency in the coefficients used for representing certain experimental results.
As a matter of fact,

%hcugh everyone agrees tc represent

wing tests by the coefficients Kx and Ky,

the divergency begins

with the ratio assigned to these two values> some giving the value
of

Kx/Ky,

others t~at of

Ky/Kx.

-5For propellers, the results are represented by some by the
values of
Power

—-f-(V/nD);

(Rp%)3 xDiams
by”others, by the values of

Torque
(Rp’s)s xDiams

●

I WOU1.d31S0 mention divergencies in the aerodynamic characteristics of a streamlined body, which are sometimes referred to
the area of the ma~~

cross.secti~n, and gometimes to the 2/3

power Of the vol~e; also to the ~sa~eement

existing in the ex-

pression of the mechanical efficiency of wind tunnels, etc~
This multipl~ci~y of ~efficients thoroughly bewilders the
r-derzof works on At?rodynamicsand puts him under the neGessitY
of transforming the expressions a labor, moreover, whi~
ly undertakes, preferring rather to lay do~
,
it “ina cursory fashion. ,

he rare-

his bOOk Or to read

The same remarks apply to the notations, that is, to the
symbols representing the vazious values used in the formulas.
It i~ certaifithat.if all laboratories mere to adopt the same system of notation, the result would be a great economy of time for
everybody concerned in aerodynamics, and the reading of the vari..

ous reports on the subject would be a pleasure instead of being
a burden, as it must be, so long as different notations are u&e&
We cannot too strongly insist on the fact that vihen,in reading a Report, we are stopped either by the meaning of a symbol --

+6or by the value of a coeffici.
sn%, %* is impossible to follow the
sequence of ideas, and the report is usually thrown aside.

In the

same way, the standardization of graphical methods of represent>
tion would be exceedingly useful. Here too at present we find
a complete lack of agreement.
To take a very simple example: for wing tests, the N.P.L.
gives four curves Kx, Ky, Ky/Kx

in function of the angle of

incidence, and

Ky/Kx = f (Ky), The E.L. gives the curve KY

in function of

Kx

on which the angles of incidence are marked

For the representation of Fropeller tests, the Central
Aerodynamic Laboratory of Rome gives 15 curves: five for thrust,
five for power, and five for efficiency, mrresponding to five
different wind velocities, in function of the speed of rotation.
Dr. Duzand of the Stanford University, California, gives ‘
two curves Pm/n3Ds and

P/n2Ds,

(where Pm = Effective Power

and

two curves Pm/v3DS and
P = Useful Power),

P/v2Da

and one

curve for the efficiency, all these curves being expressed in
terms of

V/nD.

For ordinary tests we should adopt not only the same metheds
of graphic representation, but also the same scales.

.
This standardization can be no possible hindrance to develo~

ment, since, if the suggested ~ngress meets from time to time it
will be perfectly free to modify any previous decision, should such
modification be justified by new knowledge and experience acquired.
Another useful task of the pro~osed Congrqqs wouldbe

to adopt .

a standard method of classification of all publications on Aerodynamics.

This wouldbe

given subject.

of great assistance in research work on any

-?-

In adqancing the suggestion I wish to emphasize what I said
before regarding the participation in such a C?ongressof repre~
sentatives of all leading aerodynamic laboratories without any
discrimination of nationalities.I
I think it is time for everybody to realize that science
has no particular nationa~ity.
Unfortunately at the present time in Europe there still exists a tendency in certain quarters to snub and to pretend to
.

ignore the wonderful progress made by the Germans in aerodynamics
during the war and for this reason it is not
. likely that, if the
move for calling such a Congress should be originated in Europe,
the Germsms should be invited to attend it.
Why not take the initiative in this oountry?

.

-.
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STANDARDIZATION AND AERODYNAMICS.*
By Prof. L, Prandtl,
Head of the Aerodynamical Laboratory, G6t%ingen University.
With an Introductory Note by William Kn~ght.
Introductory Note.
In the last June 20 issue o? the Aerial Age I Feinted out the
A

desirability “ofreaching come.sort of agreement between the various research aerodynamical laboratories and other scientific
aeronautical organizations both in this country and abroad about
the symbols, graphical methods and other means of representation
used in technical and scientific aeronautical publications giving
the results of the research work done by the various investigating
aeronautical agencies in the United States and in Europe.
Such work is useful orilyif the results obtained in the laboratories are presented under such a form as.to allow to be readily used by aircraft designers apd constructors and by students of
aeronautics, At the prespnt time there is such a confusion of
symbols, terms and meaning of graphical methods used by,the various aero~utical

research agencies in the world and such a lack of

well organized cooperation among the leading aeronauti~al ~aboratories that it is no wonder that aircraft designers, engineers,
contractors and students of aerodynamics fail to benefit to the
fullest extent of the excellent work which has been done and is
being done by the various aerodynamical research laboratories in
the United States and in Europe,

The results of such a state of

affairs are a waste of energy and a consequent retard in the pzogress of aeronautics,
* From Aerial Age, October 3, 1921.

——
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A remedy to these unfortunate prevailing conditions could bc
worked out if a leading scientific research organization fi this
country as, for instance, the Bureau of Standards or the National
Advisory Committee for Aeronautics should take the initiative in
suggesting to the various aerodynamioal laboratories and other
scientific aeronautical research organizations both in the U.S.
and in Europe the adoption of the”same symbols and the same terms
for expressing the same thing everywhere; in other words, aFplying standardization to aerodynamioal works.
‘An agreement could easily be reached because the importance
.,
of reaching an agreement is very badly felt by every student of
aerodynamics. All that is needed is to have a leading scientific
aeronautical organization posing the problem and to invite a free
discussion of the variousstandards used by the various Europeannations and by$ourselves. From the discussion, which can take
place by oorresFondence, acommon

ground of agreement can be

found and after such an agreement has been reached an international conference between the representatives of the vario~

organ-

izations which have discussed the matter can be called and the
adoption of international stand.arw 011aerodynamics can be decided
upon.

Also a function of this international conference should be

to devise ELmeans of bringing about a much desired closer cooperation between”the various research laboratories so as to present
as much as possible the dispersion of good efforts.
The National Advisory Wmmittee for Aeronautics or the Bureau
.
of Standards are the best suited for taking the lead in such a
.

‘

-lc)-vitally impo~tant matter because, fortunately enougk, we are free
from post-war hatred and we would not be inclined to discrimiriate
between scientists of formerly allied nati~ns and scientists of
formerly en?my nations as might probably ke the gme

if the lead

in this matter should be taken by some European aeronautic@ Organization under government control,
I know for a fact that American leadership in this matter
would be greatly welcomed by everybody in Europe interested in the
soien%ifio progress or aerona~$ics and by making such a step we
would greatly contribute to suoh a progress,
.
?n the meantime, while eagerly waiting for something being
done in th~ direction fiointedout above, I have taken up the mat-ter
with leadi?g aerodynamical research Workers and I have asked them
to express their views on the subject o? ‘lStandardizationand
Aerodyn~iq~,lr The following paper from Professor L. Prandtl of G~ttingen,
Germ~yf ~h~ has c~ntrib~ted to & very large extent to the present
knowledge of aerodynm$qs

is pub>iqhed with his kind permission.

The p~in$ of view Qf other Eugop~an leading aerodynamical res”earch
workers will ~e published later :OI?the purpose of showing that
all 0$’them have qse$ul suggestions to make and that all that is
needed to ~r$ng ab~ut resul@

is to @ke

the lead @ bringing

thenqtoget~er and letting them deoide something which will ~e agreeable to evexybody and especially to manufacturers and designers of
aircraft who ~r~ the only ones for whom the research work is done
in the laboratories and bookq and for whom technioal reviews are

-11PROF. PRANDTLIS COMMENT.
1, The Wind Tunnel.
In order to accomplish any comparative results in wind tunnel
tests it is of prime importance to have the air currents commra~.

This of necessity calls not only for an accurate air cur-

rent at the place, where the test is to be made in size as well as
direction, but that the wind eddies are kept at a minimum.

In the

G8ttingen Laboratory this was one of the main requirements. Fig,
1 shows an easy way to obtain an air current with minimum wind
eddies quieted as much as possible in a great profile through a
honeycomb and then contracted in a much smaller cross section.
The tests are made on the place marked Exp. Fig. 1.
~ maintain that this arrangement is very important and firmly
believe that only this or any equivalent arrangement will give

-

comparative results, It is of less importance, whether the mind
tunnel has closed circulation, or whether a tunnel with suction
blast is used, and whether the measurements are made in a free air
current or between stationary walls.

In regard to horizontal buoy- ‘

ancy the free air current, as first introduced by Eiffel, is in
my opinion to be preferred,

Through special formation of the out-

let the velocity can be made constant even at a short distance
from the mouth of the outlet surface. Through determination of
the drag of a big ball the wind eddies of the air current are accurately determine&

AS known, below a critical velocity the

drift coefficient is approximately 0.24, above this oritical ve-

-12locity about 0.10. The criticeJ.velocity - the critical $# is that much smaller as the eddy is greater. The G&tingen measurements correspond very nnmh to the Italian measurements, where
a ball was dragged through.calm waters. And the conclusion oan be
drawn t=t

the &all wind eddies here in G/$ttingendo not change

the results very much.

As example of the agreement between meas-

urements with different wind t~els,
.

same principle, I give in Fi~
~ith Wlls,

2 the results of two measurements

one with a ball 28 cm diameter in the great wind tUn-

nel (4 m2)~ the”othe~ with a ~1~
nel (1.2 m=).
noticed.

which .are constructed On the

20 cm diameter in the sM1l

tUn-

The almost perfect agreement of both series can be
,,

2. Size of models and Air Velocity.
For approx~ate~y

~rrect agre~ents

of model measurements

with actual conditions, it is %mportant not to select models and
also the air velocities too small for the measurements. In the
G8ttingen measurements a span of from 1 to 1J2 m and a wind velocity cf 30 M/see gave the best results. Even in this ratio the
agreement is not perfect, although it is comparatively safe to
have the deviations not very great.

The modern wind theory allows

a calculation of the influences exerted by the walls of the test
tunnel or by the limitations of the free air stream. And if this
correction is taken into consideratiofione can safely with the
span of the models go even a little beyond half of the air current
diameter,

.-La-

3. Placing of the Models.
The manner in which the nodel is fastened during the test iS
of greater influence than at first suspected, The difference between the Eiffe~ results and the N.P+L, results at Teddington is
easily accounted for, W

the Eiffel tests the wings were fastened

with com~ct screws on the suction side, while by the Teddington
tests the-models were fastened on the pressure side. As known, any
disturbing e~ement on the suction side entails quite a bag

which

incr=ses with the angle of the incidence while any disturbing influence on the pressure side brings a“~ec~d~dl~ lower and with increasing angle C’fincidenoe a decreasing drag.
that from this mint

Tnerefore 3 believe

of’view tbe ~~~tingen arr~ge~.ent (6 very thin

wires) is the most satisfitiory.

~

4. Drift coefficients and the results.
ln regard to drift coefficients, we will perhaps in time come
to the agree~ent to give the absolute coefficients, since in the
q~lity as dimensionless quntiti~s th~
each rational measuring method.

have the same value for

Then it would be easy to calculate

the coefficients adapted to individual countries. More satisfactory Verhaps it would be if the engineers would adapt ~he absolute
system in its entirety.
In the absolute system itself there are two different definition~. One, only used in Gerrrny and Austria so far, pertains to
drift, to velocity head (dynamic air ‘pressure) 1/2 P V2,

i.e, the

pressure a~pearing as maximum pressure before an obstructio~

In

Engli&h-speaking countries the drift stands for double this aero.
..
....

“

-14-

.

s

dynamic pressure (velocity heaci),also

p

V2, resulting in the

coefficients being half as great as the German coefficients. In
favor of the German system let me say, that this quantity 1/2 PV2
is obtained directly by speed m~s~ements

with Pitot tubes and

the relation o: air resistance to the Pitot pressure is especially natural.

Then again, the drift coefficients of many objects

(level, circular disc, circ~lar cylinder, etc.} are by this method
approximately 1.
TO demonstrate these test results we have developed here in
Germany already com~lete solid forms, for the testing of wings and
:airplane models, as well as for propellers. Far wing tests, the
lift coefficient as a rule is taken as starting point.

This CO*

plies in one way with the results of the wing theory, where the
lift presents the given quanti~, and in the other way for the
technical measuring reason that by USml measurements the lift determination is more accurate than the determination of the angle of
incidence, which before was used mostly as an independent changeable, added to this, that the definition of the angle of incidence
0° is often arbitrary. The now usu&l,!m~Zhadof wing measurement
is shown in Fig. 3. As introduced by 0.’Lillienthal, lift and
drift are carried at right angles to ea&. other, thereby giving
the drift, according to the Eiffel method, as 5 times scale of the
lift.

The result is the so-called polar curve. Alofigsideof this

the theoretical polar curve is shown, which according to the wing
theory would correspond to a wing with equal aspect ratio but without profile resistance. The distance between this theoretical

-15~arabola and the measured curve shows the profile resistance, which
acooraing to our test results is quite independent of the aspect
ratio, and shows to be very satisfactory for judging the quality
cf the profile. The angle of incidence, in many calculations occupying a very negligfble place, is written on the individual points
of the polar curve.
TO show the position of center of pressure the moment coefficient on the leading edge (absolute coefficient for this moment)
is given and indeed as being independent on the lift as the decid..

ing quantity, The moment curve is therefore to be preferred, because it runs almost in a strai~t

line, and makes the interpola-

tion of values between the given~values very easy. But by the
CUrVe, giving the position of center pressure direct, any intezpoIation is often very difficult, because the lift curve
nite.

O

~

is infi-

The position of center ~ressure can anyway be deduced from

the moment curve through a simple construction.
The ratio Iif&drift, given in Qnglish literature mostly, need
according to our method not be shown especially, since it can be
I
obtained by simply drawing a straight line from point O to the

‘
,

respective place on the polar curve,
And this ratio is at that not the deciding factor to deter\

mine the quality of an individual profile, because it is dependent
quite a lot on the aspect ratio, and because that point, which gives
maximuh lift-drift in a certain plane, is only determined by the
parasite drift of the

atxplane.

.

‘

-3.6The showing of propeller test results have in the last few
years been brought down to uniformity as well.

Details are

given in an article by F. Bendemann and A. ?~adelungin
Technische Berichte Bd. 11 PP 53, etc.

Its main drawing (table

40) approaches the methods of Eiffel and Rith.
torWe

h

The absolute

taken as function of flying 6Feed ratio tO periphery

velocity ratio in logarithms and the efficiency is shown in
~aumbers.
It is my desire tO have this article lead to a discussion
of interested aeronautiml

experts and further through this

discussion the question of standardization in Aerodynamics.

~Exp

I
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.
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-1’7STANDARDIZATION AND AERODYNAMICS.
*
By Prof. von Karman,
University of Aachen, (Germany),
Introductory Note.
The suggestions offered by W. Knight in the Aerial Age of
June 20, 1921, as to the desirability of calling a conference in
the United States among rePre5enta,t~ve8of leading aeronautical
scientific organizations with a vie~yof reaching an international
agreement on the subject of Standardization and Aerodynamics was
.
taken up by Prof. L, Prandtl of the University of G~ttingen,
Germany, and in the october 3rd i“ssueof the Aerial Age his views
,

on this matter were given. Prof. I&. von Karman of the University
of Aachen> a most brilliant scientist who has been prominent in
the development of aeronautic

in Austria during the war and who

is now at the head of the Aachen aerodynamic laboratory, writes
tO h.

Knight the following letter and gives his views on llStand-

ardization and Aerodynami~sllwhich are presentqd to the readers
of the Aerial Age.
Dear ‘Mr.Knight,1 am sending you herewith attached a few notes giving my
views on the very important point that you have recently raised
in the Aerial Age on the subject of Standardization and Aerodynamics, which you may publish if you think it worth while.
There is no dotit that if you oan succeed in bringing together
former allied and former enemy scientists for discussing a problem
* From Aerial Age, January 2, 1922,

,

-18which inte~ests everybody> you shall have greatly contributpd to
the scientific development of aerodynamics,
In my opinion it should be desirable, to begin with; to have
a preliminary conference between a few of the most prominent scientists and technical men interested in this matter for discuss.
ing the best means for-creating an international scientific aeronautical association which is the best suited for brin~tingabout
a much desirable cooperation ~~ng

~erodynami~l research workers.

1 tkink that an asso~iati~n orSanized along the same general
lines as the International Society for testing materials shall
admirably serve our purposes.
This preliminary conference that I am suggesting for laying
the foundation of a permanent international scientific aeronautical aSSOGiation should be desirable if it took place in ~urope~
in some place having an internatio~l character, and Z s~gest
for this purpose the southern Tyrol [Italian Tyro2), at Bozen or
Mezan.
Yotis very cordially,
von Karman.

Prof. von Karmanfs Suggestions.
In its early stages a new science labors under the advantage
of the possibility of having its development directed from the be~inning in an orderly and systematic manner.

The primary require-

ment to this end Is the international standardization of definitions and symbo~s, and it ~ould be of great value to aerodynamics

-191,

if Amerioa were tc take the lead in this matter,

The most impor-

tant problems that should be taken ’up in such an Untiertaking,in
the writer’s opinion, are the following:
1.

Standardization of Coefficients.
The standardization of nomenclature and derivation of coef-

ficients is not a purely objective matter, as it is based upon a
thorough understanding of the theoretical foundations of aerodynamics.

In spite of the apparent simplicity of the Frenoh system,

I believe that preference shouldbe aooorded to 4tabstract1~
@efficients~ independent of dimensions, as the laws of mechanical similarity are more clearly ‘evidentby their use.

Ever since the im-

portance of Reynoldls index has been olearly recognized, most laws
of resistance oan only be applied when thi~nunber is contained as
a parameter, in which cases the use of ~bstract coefficients is
evident, l!anycomplicated ~henomena, Sue-has surface friction or
heat-transference in turbulent gases and liquids, would have been
explained much sooner if early investigators had expressed their
results by empirical formulas in terms of concrete entities and
abstract coefficients.
2.

Standardization in Methods of Measurement,
For the oorrect measurement of airspeed it is essential to

establish standard methods, if results obtained in different laboratories are to be compred with safety. Measuring instrtients
such as the Pitot tube, should be standardized as to shape with the
eventual selection of a ‘fstandardff
at some central point for Com”w
parativq reference. Unfortunately (as expressed in the article

-20by &

Prandtl in the issue of October 3, 1921), the speed thus

measured is not a true expression, depending, as it does, on the
magnitude of the vibrations or the so-called —.
de&res of turbulence.
It would be a thankful task for a laboratory to build apparatus
for the determination of these factors. Meanwhile it would seem
advi%ble

to follow the suggestion of ?Ir,W. Knight to have a few

simple bodies experimented with in

important laboratories and

“ have the results thus obtained compared and reduced to a common
proportionate expression,
Thus it would be possible to determine accurately the resistance of a circular disc or a sphere of a given diameter and adopt
that

dimension as a standard. In fact, in view of our limited

.jznowledgeof the influence of surf-aceconditions or unavoidable
%
variations in the making of similar models it would be best to
have the same model make a round trip to every laboratory adapted
for su&
3,

work.

Standardization of Definitions and Symbols.
Next to the standardization of coefficients and their.rela-

tionships an a=gceementshould be reached aS to definitions and
symbols, For example, take the definition of Angle of Incidence,
which in Austria and England is defined as the angle between the
direction of the air stream and the so-called maximum chord (a)
(Fi&. 1) while in o~her countries the lower tangent to the profile
passing through the trailing edge is taken as a basis.

(b) !&my

other elements can be conceived in different ways and are therefore
of doubtful interpretation. In speaking of wing-surface and wing..

-21-

Wind direction
Fig.1
loading it is undetermined to ‘Thatextent ailerons can be assuzned
to he zart
of the carrying surface, or in the ease of strong ai.
neciralswhether the surface itself or its horizontal equivalent
is to be taken as a basis of calculation.

In this case even the

meaning of the i?ord‘~spantl
becomes subject to misinterpretation.
Aspect ratio, which plays such an important part in modern wingtheory, becomes an indeterminate quantity when applied to diminishing chords. To afford a useful basis for description and comparison of aircraft it is i~erative that all such elements be
defined without possibility of misunderstanding.
A similar divergence in methods a~lies

to the determina-

tion of efficiencies. The efficiency of a propeller has been dew
fined by three or four scientifically justifiable expressions,
txaction
Horsepower formula,
which is in no way characteristic of the efficiency of a screw
and nevertheless we often read the old

as it takes neither speed nor dimensions into consideration.
From the above random examples we see that a comparison.of
opinions and a sifting of various methods now in use would bear
L
t>

good fruit.

An immediate understanding on work in course of

preparation or contemplated would result in the avoidance of

1,

-22duplication and would insure that every experiment be undertaken
in the laboratory already best equipped to carry on its particular shaze of the work.” The activities of the International As60ciation for Testing Materials, which in pre-~r

days co-related

and assisted in preparing the results obtained in all laboratories,
could weil serve as an exsmple. If such a~tivities could be extended towards the practical side of aircraft design, as for instance in the comparison and stsn2ardizatian of methods of c@mlation, determination of factors of safety, etc,, a magnificent
progzam could be outlined, the realization of which will be of
maximal importance to the further development of the science of
flight.

~

-23STANDARD19ZATIONAND AERODYNAMICS.*
By Col. lng. G, Costanzi, Rome, Italy.
With further reference to ‘thepoint raised by Wm. Knight in
the article on llStandardizationand Aerodynamicst’published in the
Aerial Age of June 20, 1921, and the discussion of that article
by professor Prandtl, of the University of G~ttingen (see Aerial
Age of October 3, 1921) and by Professor von I?arman,of the Te~hnioal Institute of Aachen (see Aerial Age of January 2, 1922),
the following suggestions,are offeredby Col. Ing. Giulio CostanZi
of the Italian AxmyJ in connection with the mattex to be taken UP
at the international congress of representatives of.aeronautical
scientific”organiation as suggested by Wm. Knight.
Colonel Costanzi is well &&

among aeronautical scientists

on account of the imp~rtint research Work done by him at”the
Royal Aircraft Establishment in Rome, Italy.

Ming

the war and

after the war he was the Representative of the Italian Air Service to the Supreme War CO~GiI

in Versailles and also teohnical

representative of Italy to the pe~anent

Interallied Aeronautical

Commission in Paris.
Colonel Gostanzit”sComment,
It

was with the greatest interest tkat I read the artic?e on

“Standardization and Aerodynamics’rpublished by Win.Knight in the
Aerial Age a few months ago.

The subject was not entirely new to

me, having discussed that matter several times with Mr. Knight
* From Aerial Age, February 20, 1922.

who has been striving for the last two years while acting as technical assistant in Europe to the National Advisory &mmittee for
Aeronautics to bring about a much needed international cooperation between aeronautical scientists and technical men, both in
Europe and in the United States, for solving our common aeronautical problems in a true spirit of mutual helpfulriess.
It is out of question that the standa~dizatfon of s~hc:ls
and of graphical methods of representation of experimental results
as used in technical and scientific aeronautical works would be
of a tremendous help to every user of such works.

To curtail the

indivi({~listic tendencies of many scientists (especially in
Euope)

by agreeing to talk,-all of us, the same scientific lan-

IZUage,will be of the greatest advantage to the progress of aeronauties, and this seems to be the right moment to do it, now that
aeronautics is yet a new science without the burden of traditions
weighing on older sciences. However, no matter how desirable it
might be to agree on the adoption of international symbols meaning the same thing in every oountry and on the adoption of standard methods of graphical representation of results of research
work, I anticipate the greatest difficulty in persuading authors
of aeronautical publications to stop the prevailing practice of
adopting definitions ar.dgraphical methods of t’heirova (;iLicha
good many times are misleading the reader in another country who
is not familiar with them) in the absence of any international
agreement,
The other point raised by Rm, Knight in the Aerial Age about

!

-25the nec&sity

of conducting comparative tests on wind tunnels 1

believe is one of the most vital importance, and undoubtedly something shouldbe done without delay in that direction in order to
dispel the doubts and the skepticism which must necessarily prevail at the present time about the results of aeronautical research and investigation work being conducted in the various research laboratories.
Both Professor “.~xandtland Professor von Karman in discussing Knightt,sarticle have particularly emphasized the necessity
of conducting such comparative tests which might lead to a more
definite knowledge of the reliability of the results obtained in
the various wind tunnels and to a more intelligent and less conflicting interpretation of their comparative value, and I wish tO
express my entire s~mpat”~ wtth any plan which might ?Elng aho”~
the desired results in that directi~m and to offer at the same
time a few suggestions,
~rhg

years of e~erimental work both in the Aerod.ynamical

and ~ydrodynamical Laboratories of the Royal Aircraft Establishment in Romez I was I believe the first one to FOint out in ?~y,
1911, the existence of a change in the regime of resistance of
cylindrical and streamlined strVts, wires, spheres and streamlined
bodies, and I pointed out at that time the diffialty

offeredby

such changes of regime in the correct interpretation of the ex7’

perimental results obtained while experimenting on a model of air.—

plane in which wings, struts, wires, radiators, etc., all follow
different laws of similitude and all have a different regime of

-2f5variation of resistance deFendirg on the dimensions of the nodel
and the velocity of tke fluid.
In 1911 I pointed out the influence of the degree of turbulence of the fluid (1 was conducting my experimenk

in water),

on the determination of the regime of fluid resistance offered by
a body moving in the water at a constant velocity =hen the degree
of turbulenoy of the water in front of the model was changed.
Also, while experimenting in the wind tunnel,’due to the absence of an absolute method for measuring the wind velooity, mY

“Cil:

work was handicapped by lack of an exact knowledge of the absolute
velocity of my win-dstream.

Other experimenters mere working at

that time under the same handicap, and the values assignedby

them

to the velocity of the air in the wind tun’nelwas in their cases
as well as in my own case a question of more or le-ssaccurate meaeurement of such velocity.
Another stumbling b~ck

in wind tunnel work was (and .stil~

is) brought about by the interference of the supports holding the
model in the tunnel - interference which is sometimes prevailing
to such an extent as to completely change the phenomenon taking
place in the wind stream. I tried once to reduce to a minimum
the influence of the supports holding down a model of a Zeppelin
9 cm diameter x 90 cm long in the wind tunnel.
of .050fa
\)

I used two wires

millimeter in diameter, and after measuring the air

velocity in a plane perpendicular to the axis of the model at the
distance of 50 centimeters from the model I could notioe that in
spite of the very small diameter of those wires their influence
was quite distinctly felt.

‘

~2?1 believe that in the classical experiments made by Eiffel
at the Eiffel Tower which lead to the conclusion that the specific resistance of disks perpendicular to the direction of the wind
increases with the increase in dimensions of the model experimented upon, the influence of the supports was such as to entirely
upset the experimental results obtained.
In conclusion, I like to suggest that one of the appointed
tasks of the international congress of representatives of aeronautical scientific organizations as suggested by Wm. Knight,
should be to lay out a program of investigation work in the most
important aeronautical laboratories with a view ‘ofdetermining:
1. Why such a lack of agreement exists between the results
L
.
..

arrived at in the various laboratories? Is such a lack of agreement due to the lack of a perfect similarity of the models used?
Is it due to the scales of the models?

Is it due to the fact

that the velocity of the fluid used is not exactly the same in
two laboratories? Is it due to the nature of the air stream in
the wind tunnel which is greatly and differently affected in the
various wind tunnels after passing through differently shaped
honeycombs? Or is it due to faulty measurements of the wind tunnel balances used?
2. How are the results affected by conducting the experiment
either on a moving model in presumably sttll air or on a stationary model in a wind stream produced by either a sucking or blow{
.}

ing fan?
I would suggest that a series of experiments be made for

.

determining the resistance of spheres of various dimensions falling a certain height when oompared to experiments made on the
same spheres under analogous conditions in a wind tunnel.
It would also be interesting to’make experiments in a SpeCially designed closed circuit wind tunel where thin or compressed
air, hydrogen or other gases cotid be used as suggested by Ing.
Ottorino Pomi2io in Italy and by Mr. W. llargoulisin France.
3. Why the ratio

increases with the velocity in the
s
wind tunnel when experimenting upon some models of airplanes?
An aluminum model of airplane which I had recently tested out at
the C?entralAeronautical Institute in Rome showed an increase of
a
Rx

in the order of 22 per cent when tested at 15 m/sec and 35

m/see respectively, the angle of incidence being the same in both
cases, viz. 3o. I should be glad to place that model at the disposal of other laboratories for further tests.
Before concluding my remarks about the discussion on ‘*Stand-

:

ardization and Aerodynamics“ appearing in the Aerial Age, I wish
to state that there is one point more on whtch I entirely agree
with Wm. Knight, and that is the necessity of iriviti”ng
the Germans to participate in any international settlement of the vari-

1

ous questions affecting aerodynamical research mork.
I should think that if we are going to have a congress of
representatives of aeronautical scientific organizations, the
>

first meeting of such congress should be held in Germany, where

.

experiments of the highest order of both scientific and practical
importance have been conducted in the last few years with the usual German thoroughness and aoouraoy.
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STANDARDIZATION IN Al?RODYNAqICS.
*
By W. ~rgOU~iS,
Former Director of the Eiffel Laboratory, Paris.
With reference to the article on I’Standardization
and Aerodynamics1’Published by W. Knight in the Aerial Age of June 20:,1921,
I beg to say that in 1919, while acting as Aerodynamical Expert of

“
—-

the paris Office of the U. S. National Advisory Committee for AeronalltiCSjin an article Fublished in ~France-Aviation,lT
I made suggestions along the same lines.
These suggestions were warmly taken up by Mr. W. Knight, the
Technical Assistant in Europe to the U. S. National Advisory Committee for Aeronautics, and he promptly brought the matter to the
attention of the various Aerodynamical Laboratories in Europe and
the United States.
The suggestions which we made at that time regarding Com&r.ative Tests were taken up by the National Physical Laboratory in
England, and in March, 1920, the N.P.L. sent out a suggestion to
other laboratories to make a number of comparative tests on similam models.
According to the plan outlined by the N.P.L. and to other
suggestions offered to Mr. Knight by the St. Cyr, The Aachen and
G~ttingen Laboratories, these tests should have been as follows:
1st - Determination of Kx, Ky
)
,

and of the oenters of thrust

on a wing.
2nd - Tests of a cumplete model of airplane comprising the
* From Aerial Age, March 6, 19Z2a
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complete determination of forces and moments (it should now “oeadded: ‘and the influence of the slipstream of the propellertl),and
also of the more important stability derivatives.
%d - Tests of a sphere and a cylinder for determining the
degree of turbulence of the airstream.
4th - Tests of a streamline body.
5th - Measurement of the uniformity of the airstream in time.
The tests On the wing and the streamline body should have
been made on a single stmdard model to be testedby all the
laboratories successively and on individual models made by each
laboratory from the s~e

drawing.

The tests of the model airplane should have been made with
the same model in all laboratories.
In the summer of 1920 the N.P.L, sent to a number of laboratories a drawing of a streamline body to be used as a first test
model, at the same time asking for their ideas on the method of
fixing the model to the support.
Since then, ho~ever, the project has probably been given up,
for nothing more has been heard of the matter, at least by the
French laboratories.
We consider, moreover, that if su~tests are to give results,
they must be both numerous and systmatic

in order that, as”a whole,

they shall characterize the airflow in each wind tunnel.
Thus in a parer read October 16th, 1920, at one of the monthly
meetings organized in Paris by Mr. :Knightand myself for the discussion of Aeronautical F.roblems~I proposed the following tests,

-31an~ the following recommendations mere made:
Tests A.- Struts: Fi~ene~~ Ratio 0: rectangular Fla%e
}1 1: cylindez
II
11 n
!1
1,5; 2; 2>5; 3, 5
and 10: struts proper
Tests B.- Streamline Bodies: Fineness Ratio O: disk
1! 1: sphere
n
n
n
1,5;-2; 2,5;
3; 4and 6:
revolving bodies.
For each aspect ratio there ~ould be three models of different
dimensions and each model should be tested at all available speeds.
We may thus draw up two tables for each laboratory, one for streamline bodies (similar to that given by Prof. Prandtl for the old
G~ttingen Wind Tunnel) and the other for struts (similar to that
rhich I gave for the large t~nel

of the Eiffe~ Laboratory in the

previously quoted article in ‘France-Aviation~).
These tables would form, if I may be permitted the expression,
the “finger-prints” of the wind tunnel.
The tests on WINGS shouldbe -de

on three wings of mathemat-

ically defined profile, (the Joukowski profiles, for instance),
of different thicknesses and camber. Each wing should be tested
with several aspect ratios.
M the same time, the St, @r

Institute would be requested to

test the same models in the open air on its truck; these latter

.-

tests would be of great importance, for up to noa wind tunnel tests
have usually bsen compared with free fright tests of all full sized
airplanes, ignoring the intermediate stage, namely, that of free
flight tests of models.

This program may seem rather a long one, but in aerodw=ics
results can only be obtained by means of a great number Of tests.
I a~SO submitted these suggestions to the First Intermtional
Congress of Aerial ~avigation which ~

j~t been held in pari~.

They were adopted by the Con@ess and introduced into its resolu- tions.

The following is the text of the Resolutions voted by the

Congress:
!!GE~~~L RESOLUTI~Nlr
“The First International Congress of Aerial Navi@tion

re-

solved to form itself into a Fermanent Congress, It is proposed
t~t

the 2nd International Congress of Aerial Navigationbe held

in London, June, 1923.

It is recommended that permanent sections

be formed in each of the oountries represented at the Congress
and that they keep in touch with the English Organization CO!Umittee
with a view to preparing the questions to be studied at the 2nd
Congress.
~~OTIONSOF T~

TEC~lC$L~ECT1~N.

“3rd - Study of the measures which may be adopted immediately in the test methods of aerodynamical laboratories in order to
.
make it possible to compare results; in particular to define the
geometrical forms and ‘themateriai”rqalization of a large number
of typioal models which, tested systematically”in well defined conditions, would serve, in some sort, as a=daraoterization of a wind
tunnel; also to bririgabout an agreement that the same oolleo%ion of
such models be tested successively in the various laboratories.p.
‘l~th- Unification of the terms and notations employed in the

/-

..

-33aeronautical publication~ of the different countries,“
me

fl:tl;~e
Lonfiencoggre~~ ~=sm~ to be Perfectly qualifted

to solve these questions of Standardization. Let us hope, however,
that it will be really international and that we shall be able tO
shake hands there with scientists from the North, the South, the
East and the West without any discr~minatio~ of nationalities,Let us also hope that the men attending the London Congress shall

.

keep in mind that in the standardization of terms and symbols used
in aerodynamics it is immaterial tiich system is adopted provided
that one is adopted by all.
The U. S, National Advisory Gommittee for Aeronautics 3,sto
be complimented for taking the initiative in adopting for wings
the same coefficients used by the G&ttingen Laboratory; and French
laboratories are going to do the same.

I doubt, however, if Brit-

ish Laboratories shall be inclined to accept and to adopt terms

—

and symbols other than their own.
The differences noted between the various laboratories in
comparing the experimental results obtained have in~uced them to
come out of their isolation.
In ~May,1920, appeared a Memorandum by ?IissLang: “German
Aerofoil Testsll(R. and M. No.695) in which the author compared
the results of the N.P.L. closed tunnel with those of the old
G~ttingen closed Wind Tunnel, obtained on the same wings.

The

polar curves agree perfectly, with .%slight displacement of the
lift and resistance curves in function of the incidence.
On the other hand, the Eiffel Laboratory in its researches on

_

-34the causes of the disagreement between its own results and those
obtdned by other laboratories, has just found that this disagreement was due to the method of fixing the wings.

The follow-

ing table summarizes the numerioal values 6S the elements of the
resultant of the thick and cumbered wing, E.321, of the Joukowski
.
type:
Incidence

METHOD OF ATTACHMENT
On the upper surfaoe
of the Wing
Kx

Ky

On the under surface of
the Wing
Kx

Ky

-9°

0,00119

0,00254

0.00124

0.00518

-6

0.00155

0.0153

0.00138

0.0172

-3

0.00239

0.0278

0.00194

0.0298 “

o

0,oo35i

O.0398

0,00279

0.0424

3

0.00514

0.0519

0.00418

0.0556

6

0.00694

0.0630

0.00566

0.0675

9

0.00867

0.0710

0.00732

0.0770

12

0.0110

0.0763

0.00945

0.0806

Kx and Ky expressed in Kz/ma/m:sec.
We see clearly that the old method of attachment, on the upper surface of the wing, gave muoh lower polar curves than the new
method of attachment on the lower surface of the wing, now exclusively employed in the Eiffel and St. Cyr Laboratories.
.

Under these conditions the tests of wings in the open ‘tun~.

.. nel of the Eiffel, St. Oyr and G~ttingen (new wind tunnel) kboratoriss, agree perfectly.

‘

-35Xt would thus appear that the zesults of tests on wings sle
the same for all laboratories~ pr~vided that the type of tunnel is
the swne, that is, that only tests carrjed out in open tunnels shall
be compared together, or those carried out in closed tunnels. we
have thw

only to find a means of comparing the two syst5mS. This

does not appear to be a very easy matter, for, experiments made at
tke Insti~te of $tO C&T, where”the exrerj-menta~c~mber

can be

proposed either open or closed, it is shown that the correction
proposedby professor prandtl ties not al~ys

a~ord

with the ex-

perimental resti~s, more esPecial~-Yin the case of a rather complicated model.

Tlaus,for a complete model of airplane the polar

curves obtained in an open and a closed ~e~
~Mle

s~~cely differed

there was a notable difference in those obtained for single

wings.
I consider that this question of ~rrections to be applied tO
results of wind t~nel

tests is one of the most important for the

future Congress, for the laboratories are far from agreeing on the
subject.

(As a correction depending on the internal structure of

the airstream, I would point’out that of the N.P.L. due to pressure
drop in closed tunnels, and for making corrections due to the ‘ratio
between the dimensions of the model and those of the airstream, I
would poink out first, Prandtl~s correction for wings, previously
mentioned, and then those of Fage-Ccllins (R. and M. No.605) and
Wood (R. and ?1.No.662) for propellers).
Fi~lly,

the laboratories will have to make their results agree

with those of test of full size ai~planes.

-36We are aware that, as reg~ds this question, there are two
posite camps: that of the optimists and that of the pessimists.
former comprise chiefly those who are Working in laboratories and
who consider that their tests agree perfectly with those made on
full size airplanes; generally speaking they estimate the error involved not to exceed l@..
The pessimists, on the other hand, are quite ready to assert
that ‘ftheresults obtiined in pzesent day laboratories are of no
practical use~; they also say that the laboratories work at rates
Of airflow which are unstable in general, and very different from
the conditions obtaining for airplanes in flight, and that, fo~
these two reasons, it is ‘difficultand even useless to attempt to
make laboratory results agree.
Finally, we have the aircraft manufacturers who take no interest in such academical disc-ussi
ons and only seek one thing, ~mely,
to be able to forecast the performances of the airplane they have
designed as accurately as possible and with as little expense as
may be,

It is they who should offer a prize for “An International

Competition for ObtaininT the Best Method for Predicting the Pe~formances of an Airplane,flhaving special reference to predicting
the performances of an airplane, the characteristics of which would
be published some months before the free flight tests. By “performa.nces’r
I mean not only the values of the horizontal and vertical speeds at various altitudes and at various throttles, but also
the values of the foroes acting on the controls at various regimes.

Tke tests would be carried on by the Technical Section of Aeronautics of the count.q of the aircraft manufacturers taking the
ir.ittativein this matter<
The Competition should be open to every one alike; to pessimists as well as optimists? but the latter should be obliged to use
the test results of their Jaboratori.eson the model airplane,
The discussion contributed by Prof. Prandtl, Prof. von Karman
and Col. Costanzi to W, Knightts article on ~Standardizationand
Aerodynamicellhas thrown s~me additional light on the subject.
Any further discussion on this matter giving the various
Foint~ of view shall greatly help in formulating plans for organiz+”
ing the proposed internatio~~ Con~e~s and with this end in view
the present article was written,

‘

38STANDARDIZATION AND AERODYNAMICS.*
F$ Lieut. Col. Ing. R. Verduzio,
Director> Aeronautical experimental Institute, Rome, ltaly.
The article plhlishedby Wm. Knight, in the Aezial Age of
June 20, on Standardization and Aerodynamics has given rise to a
very interesting cii6cussionon the part of European scientists interested in the progress of aerodynamics (see discussion by Praridtl,
Aerial Age, January 21, 1922; discussion by Costanzi, Aerial Age,
February 20, 1922; and discussion by W. Margoulis, Aerial Age,
Mapch 6, 1922); and I think it should be stated here the stand
taken by the Italian Aeronautical Experimental Institute, about
this matter.
If we consider the progress made by the heavier-than-air and
the llghter-than-air airqkafi%s,we see that although the cycle has
not been the same for both, the characteristic phenomena of this
progress have been the same for both.

In both cases, we have an

initial state of uncertainty during which early e~eriments, nOt
very conclusive, have been followed by a better organic conception
of future experiments which have laid out the needed foun&tion
of the technique for attaining the necessary progress.
When the thermodynamics and metallurgy both ooncurred in giving us a lighter and more powerful power plant, aeronautics entered a new era.

The stage of uncertainty ended then and from that

point on the progress made in aeronautics was both rapid and important.

The airship and the airplane at that time became a prao-

tical reality, We had the necessary power for propelling them,
* From Aerial Age, April 3, 3922.

-39the theory of stability was sufficiently developed and me were able
from that time on to design and build aircraft sufficiently strong
r.ndaerodynamically soun~
After this period of comparatively rapid progress, further
p~oqzess has been made at a mtichslower space.
The problem of improving upon the flying machine as it is at
present, is somewhat a harder problem for us today than it was the
realization of the flying machine itself. At the presefittime we
find that the fuselage of am airplane is of such a shape as it must
be possessed by a body with good aerodynamical characteristics.
This is also true of the whgs.

The aerial engine has also reach-

ed a stage of development where we cannot expect any revolutionary
change in its design. Therefore, an increase in the efficiency of
the flying machine can be obtained in the tuture only by inking a
thorough study of the aerodynamical phenomena taking @ace
ing so as to be able to introduce such slight chnges

in fly-

that we might

be able to make in the present designs which will allow an increase
in efficiency. As far as the engine is concerned we are reduced
to t~e point of needing to improve upon the auxiliary organs more
than upon the engine itself in order to increase the efficiency of
the power plant.

In an airship we might try to improve upon the

design of the gas bag, of the control planes, of the cables, and
other attachments of the nacelle to the envelope and also improve
upon the streamline shape of the nacelle itself. In an airplane
we might try to reduce the air resistance of struts, landing gear
and wings and investigate the interrelation existing between

.40.

changes made on each single part.

For instance, in reducing the

t

air resistance of a wing we keep in mind the fact that although a
thinner wing offers less air resistance than a thicker wing, due
to the fact that the thinner wing needs to be braced with st~ts
and cables, the total aerodynamic efficiency of a thinner wing
with its struts and cables is less than the efficiency of a thick
wing without reinforcing members.

Thus we see that monoplanes

~
‘

with thick wings are often to be preferred to biplanes needing
struts and cables in their construction. In designing fuselages

-

we improve the aerodynami~l efficiency of them by enclosing in
them both pilots and passengers.
In conclusion, the airplane designer at the present time has
not a wide field from which to pick up improvements for his design.
At the latest international aeronautical exhibition which took
.
place recently in Paris, we have seen that the general lines of airplanes have remained the sme
revolutionary c~ges

as’they were a few years ago.

No

in design have appeared-in the last few

years. We therefore arrive at the conclusion that the cycleof
evolution in:.thedesign of flying machines has reached now a stage
when improvements must be looked for> not any more in the conception of the flying machine itself, but rather in the details inherent to the present design.
At the latest aeronautical international congress which took
place in Paris, last November, the problem of what should be done
in order to further the advance of aeronautics was such a problem
that everybody felt rather keenly and when the discussion was open

,

-41about what is to be expected from aerodynamics as a science for contributing to the solution of the engineering problems involved in
the design of airplanes, all the technical men agreed that the time
had arrived for establishing a closer cooperation among themselves
and their studies. France, S~in, Belgium and Italy, through their
representatives~ advised the desirability of arriving at an agreement about the standardization of the nomenclature used in the technical works.
As a representative of the Italian Aeronautical Engineering
Association, as the Director of the Aero~utical Experimental Institute of Rome, and as a representative of the Aerodynamical and
Fewer plant section of the Polytechnic Institute of Turin, I brought
to the attention of the second commission of the International Aeronautical Congress, that due to the initiative of Mr. Wm. Knight,
while acting as Technical Assistant in ~rope

to the United States

National Advisory Committee for Aeronautics, an exchange of views
about the matter of ccop”erationamong British, American, French~
German and Itali~
years ago.

We

laboratories had al~eady been started about tWO

and one-half years ago, the British N.P.L+ suggest-

ed a number of cooperative tests to be conducted on models in the
various wind tunnels of those laboratories to which the invitations had been extended to participate in these tests.

These tests

being made fo,rthe purpose Of determining hcnvthe results obtained
in each wind tunnel would compare with results on tests on the same
or equal models in other wind tunnels, The Aeronautical Experimental Institute accepted the invitation to participate in these tests

.

.

--42but since that time we have not heard any more from our British
friends and the suggestion made by them has not been realize~
Besides, however, the need of obtaining a more intimate knowledge of the comparative value of the testing equipment used by the
various asrodynamical Iaboratpries, we have very keenlY felt the
handicap as brought about by the laok of agreemen% between technical
men of all countries not employing the ssme notations and symbols
for expressing the results of their investigation in technical
works.
The Department of Italian Aeronautics, in order to try to eliminate such a handioap~ in a bulletin issued by the Experimental
Division, suggested about one year ago, the adoption of a set of
symbols and definitions, which since then has been revised and simplified and which, I suggested to the International Aeronautical
COngresS, could be taken as a basis for dis~u~@on

in ozder to

arrive at an agreement. In the ensuing discussion, Prof. R. Soreau
made the remark that ~nsider~g

the f-t

t~t

the various Aero-

nautical Laboratories represented there, were Government Zn8titUtions, it was not possible to arrive at any definite conclusion
without the official intervention of the various Governmentsz but
he suggested that the various tec~~.eal men and direc~ors of aeronautical laboratories, taking part in the disoussicnj should,try
to exchange their views on this matter and reach some sort of an
agreement, and at the end of the Congress, a resolution could be
adopted inviting the under-secretary of state of French Aeronautics to take the initiative in inviting representatives of the

-43,
departmenbof aeronautics of other countries to meet toge~he% for
the purpose of agreeing on the standardization of aeron~-~tical
terms and dnaracteristics. This suggestion as made by P~of, Soreau
was heartily approved by the technical men and it was hoped by
them that some such action as outlined by Prof. Soreau, ~ou~d be
taken before concluding the wozks of Congress. However, at the
joint meeting of the various commissions when the concl~ions of
the second commission about this matter were presented and discussed upon, the resolution was adopted with a number of changes
and modifications and one of the changes made was the suppression
of the meeting of the technical rep~esen+fitivesof Aeronautical
laboratories, which had be=

reccmmntied.

It is out of the question that the present state of affairs
when all sorts of symbols, notations a,ndgraphical methods are
.
used in technical publications= makes it very d’iffict’Qt
for the
designers of airplanes to make use of the experience gained by
experimental works conducted in the var:ous laboratories in Europe
and the United States and which are expressed by technical men of
the various countries in so different and smnetj.messo contradictory ways.
As we said before ~ Prowess

in aeronautics at the present

Stage of development must be looked forward to improvements of details rather than in the change of the general conception of the
design of the present flying mach~ne.

These improvements aan

quite noticeably increase the efficiency and the security in
flight of the flying machine and this can be obtained by the”unit-

-44ed efforts of all those who are engaged in the study of aeronautical problems; therefore, every effart should be made in making
available to designers and other technical men, the resu].tsOf
the research work conducted in aeronautical laboratories without
imposing on them the strain of memGrizlng symbols and definitions adopted by all the countries.
The initiative taken by Wm. Knight and the suggestion made
by him of calling a congress of representatives of aeronautical
laboratories and other scientific organizations interested in
aeronautical problems, both in the United States and Europe for
the purpose of agreeing on the standardization of terms, notations and graphical methods of representation which has already
been endorsed by Prof. Prandtl and Prof. Karman and others is a
~erY timely suggestion and as far as Italian aeronautics is concerned, we shall be very glad to”cogperate in the realization Of
such plans, which we endorse unreservedly.
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By Dr. Ing. Ilic-hard
KatzmaYr,
Aerodynamioal Laboratory of the Technischen Hochsohule
of Wien, Austria.
With reference to the suggestion made by Wm. Knight in tbe
Aerial Age, of June 20, 1921, for ~l~ing a ~ngress of representatives of aeronautical laboratories in Europe and in the UZ:.~led States in order to arrive at an internatiorialagreement on the
subject of ‘~ind-tunnelexperimental work and standardization of
aerodynamioal terms and symb~~s Ued

in aeronautical technical

works, I wish to express the point of view of both Prof. Triz.
Richard Knoller and myself on this subject.
After the very interesting discussion in the Aerial Age, by

“

Prof. Prandtl (Ott{ 3, 1921), by Prof. Karman (Jam ?~, ~922)s
by Col. Costanzi (Feb. 20, 1922}, by Mr. Margoulis (Yaroh 6, 1922),
and by ml.

Verduzio (April 3, 1922), of %.

Knight[s article on

*rStandardizationand Aerodynamics,H I think it Is well to state
the stand taken on this matter by our laboratory,
In the issue of Aerial Age which appeared on October 3, 1921,
prof. L. Prandtl insisted on the absolute necessity of having an
airstream of great constancy and freedom from eddies if wtndtunnel experiments are to have any practioal value, and showed
how such an zdeal airstream can be obtained in practice. As a
matter of fact, the wind-tunnel of the Aerodynamic Institute, at
G~ttingen happens to be one of %he few that permit such exoellent
conditions, and it should not be difficult to build all future
wind-tunnel installations to give equally good zesults, if prof.
From Aerial Age, May 8, 1922.

-
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In the gzeat majority of existing ~aboratorie~ the airetreams that
can be obtained with present a~Fa~atus are all but even, yet it
would be uneconomical and too radt~l

to consign them to the scra~

heap forthwith for that reason.
It would be of great value, however, if it were possible to
compare without further question results obtained upon similar
models in different laboratories, and this is quite within present
possibilities.

It would only require the testing of a nuniierOf

standard bodies (such as spheres, fusifo~s and one or two aiTfOils), for their aerodynamic ~haracteri~tic~ in all the leading
laboratories and to compare results. To insure acouraoy and to
prevent slight differences in the ~odel~ t~t might affect their
behavior under test, the same set of models should be used in
each experiment, no matter where performed.
thus obtained could then be wed

The several results

to establisb what we might ~11

a “laboratory factor~ or a constant which would express all those
elements which are peculiar to the laboratory in question and
which cann~t be deduced mathematically, as turbulence, proportion
of model to area of aizstream and especially the influence of the
means for fastening the model to the balance.

It is not sufficient

to test merely a sphere, as was suggested, as such investigations
as have been made with wing models have given different results.
At the present time a series of co~pazative tests is being made
between the laboratories in Vienna and Cbttingen and it is intended to send the models to all the other win&-tunnels in Germany to

-47ob’%in a better basis for comparison. It would be tidvisableto
kam

this matter taken up by u

international committee so as to

include all the leading European and American institlxtions.
Attention 6h0uld be called to the fact that for FraC”tiCa%
purEoses it is not always advisable to employ a current that is
totally free from eddies, such a condition is never prevailing in
free flight. The degree of turbulence in the Vienna wind-tunnel
hamens

to be such that the results therein obtained can be adopt-

ed without further correction, and several comparisons of fallsized aircraft with their models (usually in 1 : 15 ratio).have
shown a remarkable correlation of the ac~ml. flight performance
with the results @lculated from wind-tunnel tests. It was noticed
that an increase in turb~ence ~
the s~e effect as the increas.
V3
ing of —
which fact iS of importance tO laboratories of small
v=
dimensions and comparatively slow airspeeti, which are thus enabled
to give satisfactory results with lower cost of construction and
maintenance.

For purely theoretical measurements, however, an

airstream without turbulence is essential.
Regarding the size of the models and the best airspeed to be
used, it may be observed that the results obtained during the past
ten years in the Vienna laboratory with a standard airfoil of
S00 x 150 mm and in an airstream of 18 meters Fer sec have proven
very satisfactory.
Of great importance iS the correct fastening of the models in
the airstream, They should be so secured that tke flow around the
model is not disturbed$ and yet a very stiff and inflexible mounting

..-. -. —
.
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is essential. At Vienna this iS obtained by means of four mires
and a streamlined supporting rod 2.5 millimeters thick.
In Aerial Age of October 3d, Prof. Prandtl commented upon the
advantages of reducing the ai.rsFeedto the equivalent expression
for height

~

—

as first proposed in 1914 by Prof. Knoller and

adopted by all German laboratories since 1917. He also advocated
the general introduction of absolute coefficients.
.

One of the most necessary tasks of such an international tommittee is the standardization of aerodynamic definitions and units.
Without prejudice toward the labor of the future committee the most
widely used expressions and their genera~~y accepted meaning my
summarized here,
In Austria the following symbols have been decided upon:

V2

P= ~g

= Velooity pressure, dynamic air pressure, head.

v=

resultant velocity, flight speed in meters per second
or feet per seoond,

v=

the same in KM per hour or M. per hour.

F=

Wing surface or wing area.

R=

Resistance,

A=

Lift.

w=

Drift.

N=

Normal force.

T = Tangent force.
~~, G~J ~

= Unit air resistance, unit lift, unit drift, or
absolute coefficient of res., lift or drift.

e = Center-of pressure.
M=

Ne = Torque.

be

-
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x = Angle of incidence.
The following is an exposition of the choice of the above
Sylnbo
1s:
p

stands for ‘velocity pressure~~ and is well nigh interna-

tional (pressure in English, pression in French, pressung in German)
being derived from the co~,on Latin root premo (to Eush).
.
v and V for ‘velocity,n derived from the Latin “velocitas.n
F

.,

for surface, With reference to the 3nglish and French

(sur)faCe and the Ge~an

f~che, a~~ of which are derived from

“facies.‘f
R

~s

chosen for ‘resistance,N a word identical in most lan-

@lagesj also stands for the German “resultierende[t(resultant).
Hitherto R
D

was resolved into its components L

(drift), corresponding to the French

A andW,

the assumption being that

parallel to the line of flight.

L

Ry and%

(%ift) and

and the Germn

is perpendicular and

D

To speak about “lift” in this

senses however, is not strictly correct, inasmuch as a strict interpretation of that word ass~es

a for~e t~t

is veriical with respect

to the horizon and is equal and opposite to gravity, whioh condi.
tion in actual flight is but seldom true.

It would therefore be ad-

visable to use another symbol in every language. Prof. Knoller
proposes to replace “liftn by “shearfl- as expressing more correctly
the action of a forae which is perpendicular to another force independently of the Iatterts direction in space,

The word “shear[rbe-

“

-50ing an engineering term meaning a force acting perpendicularly to
the grain of a given material (German-for shear = “schubkraftn).
S

wouldbe a better symbol in spite of the fact that the correspond-

ing French word is I’cisaillement.
n
The present symbol for drift or ~ag

could be retained, and the

Present German expression (rucktrieb) couldbe replacedby

“druck,=

meaning to pull, or pressurei and a mathematically more correct expression. D

therefore fits all lan~ges

and should be retained.

Another prop~sal made by the present miter
X

for

L andD,

~o~ld substitute Z and

The advantage thereof lies in the iriternationa~~$,

understood appli~tion and the faot t-t
ally resolved into @o

the resistance R

compone~ts mhich ~e

vertic&l OIIly%0 ~Ch

other and belong to a system of coor~i~te~ of which the
parallel to the line of flight.

is actu-

The aerodynamic e~ert

X axis i8

is already

failiar with the practice of referring moments of stability to this
sYstem, the axes being assumed to be identioal with the theoretical
axes of the maohine
The symbols N

itself.
for normal foroe and

T

for tangent force are

internationally self evident and require no explanation,
As Mr. Knight has observed, the greatest difficulty is encountered with the expressions %,cA,cR.

In Germany and Austria they

stand for dimensionless or ‘labsolutencoefficients, %hich are obtained
by dividing the,forces R, As W

by the area

as given by the equations R = OR F p,

X’ and the pressure

A = cA B p, and~

P,

= CV F P.

To express these quantities as ‘unit forces” is betters it being generally easier to understand a mathematical formula xhen every factor

‘

stands for a definite and concrete entity rather than a purely philosophic concept. After all

cR, eA, W

are ‘lforcesnin the accepte!

sense, for they express a weight in kiloglams which WOu.ldact on a
one square meter of surfaoe Waler a dy~i~

pressure of 1 millimeter

hydrostatic pressure. To write with a small
veys the impression t~t

(c) immediately con-

a coefficient is expressed, and writing it

before the symbol prevents misunderstanding with exponents. This
method of writing i~tantly in~cates w-t

force the coefficient

refers to and iS therefore easier to read twn

either the English

(kL, kD) the French (kx, ky) or the German (Ca, Cw)

in all of which

the stress is laid on the quantity as a ~ooefficient” and the force
that it refers to is merely indi~ted by a small letter below.

To

avoid every mistake it should be noted that
cA = 200 kg = 1600 ky = Ca
In addition in Austria the following symbols have been accepted:
‘A

for ‘specific lifit~l
as per the expression A = SAp

‘lreducedliftn as per the ~ormula A = ‘A F.
been found very usefti.

and

‘A

for

These expressions have

Of course the prefixes

s

and

r

have inte::.

national significance in this respect.
me

symbol

e

to indicate the distance of the center of pres-

sure from the upper airfoil surface -s

been in use in Germany and

Austria for over t~~ years with good results.

In other countries

this quantity is seldom made use ofg

e

Whether

is %hetbest symbol

for this expression is a matter that should be decidsdby the oommittee.

.

~
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M

as an expression for torque is a well known symbol

Chanics$ and it is advisable to retain it for that reason.” Mathematically M = N x e
prcssion M = A A e

and since N

is nearly equal to

A

the .ex-

oan be safely used for approximations.

Austria the special symbol %

= A x e

has been adopted.

Just as we have units of foroe we en

have a ‘unit of torquett-

also an abstract coefficient. Fox its expression CM
devised with its corollary ca~.
~=C~XFXpX

In

has been

We can, therefore, write

tantl~Mt=W4xFxpx

t

in whioh “tn is the chord.
‘Z expresses in Germany the ratio

and z the angle of inE
cidence. Whether these symbols should be internationalized iS fit
subjeet for discussion,
Regarding the graphic representation of test results it may
be observed that the Vienna laboratory oonforms itself to the standards prevalent throughout Germany.
It would be ~ery desirab~

to come to some international agree-

ment regarding the unification and standardization of aerodynamioal
expressions, and we hope that Mr. Knight will succeed in eliminat-

,.

ing such ob.je~tionsas still, perhaps, exist, toward the satisfac%
tory solution of this important matter,
.
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By E. E. Wolff,
Director, Rijka-Studienst voor de Luchtvaart, Amsterdam, Nederlan&
The discussion brought up by ?;illiamKnight in the Aerial Age
of June 20, 1921, on ‘Standarclizationand Aerodynamics” has given
rise to a very interesting expression of the views on this subject
of the ?nostimportant aerodynamical laboratories in Europe (see
previous issues of Aerial Age, article by Prof. l?randtl~Ootober
3, 1921; article by Prof. von Karma.n,January 2, 1922; article by
EOif Costanzi, February 20, 1922; article by W. Margoulis, mrch
6, 1922; article by 001. Ver&zziO, April 3, 1922; and article bY
Dr. Katzmayr, May 8, 1922].
st~d

I think I should state what is the

taken by.the Rijks-Studiedienst voor de Luchtvaart on the

matter of Standardization of graphioal methods of representation
of results of tests made in aerodynamioal laboratories, standardizathn of symbols and coefficients used in technical aerOnauti~l
publications in various countries, etc,
The desirability of reaching an international agreement on
this very important matter, as suggested by Rm. Knight> -s

al-

ready been voiced in the Aerial Age by eminent scientists and
aeronautical experts and, inmy

estimation, as well as in the es-

timation of Dr. C. Koning and Dr. A. G. Baumbauer of the Section
for Aerodynamioal Tests of our Institute, we must express our SOL
idarity with the idea of International scientific cooperation in
aeronautics which has been chmpioned by Wm. Knight, with whom we
From Aerial Age, June 19, 1922.
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have already discussed several times this matter during the last
few years while he was the Technical Assistant in Europe to the
U. 8. National Advisory Committee for Aeronautics.
It seems to us that it should not be daffioult to come to an
agreement on this point, as the importance of standardization in
aerod~mics
#

will be granted by all aerodynami~l experts and the

change from the system origi~lly used by a laboratory to the one
t~t will be adopted as the international standard system will not
offer serious difficulties. Moreover, a discussion on these questions my

be a weloome introduction to further international Coop-

eration and understanding. An aerodynamical coefficient which
~tandS at the present time in great need of stan&rdization is the
coefficient V1

(Reynolds nmiber) for model tests.

Considering

the diameter and the maximum velocity of the existing wind tunnels,
it would perhaps be possible to divide them in groups, eaoh gqoup
making routine-tests at the same value of

VL

(such as tests on

wing 6eotions and airplane-models) in order to make the results of
these tests comparable with each other, without any corrections
for soale-effect.
Table 1.
Wind Tunnel

.
N.PWL. 4 ft.
N.P.L. 3 ft.
Massachusetts Institute of Technology
N.P.L. 7 ft. Nr.1
N.P.L. 7 ft. Nr.2
Rijks-Studiedienst voor de LucMnmart
(Holland)
Eiffel (Auteui2)

V in
M/see

DinM

VD in
M2/see

15
21
29
20
26

1.22
o*91
1.22
2:13
2.13

18.3
19.1
35.4
42:6
55.4

35
30

1.60
2.00

56.0
60.0

‘

V in
M/SSC

Wind Tunnel
Tokio (Marine)
Saint Gyr
llc~mk l’ield
I$~?.tutoSpertientale de Aeronautic
(Rome)
G~ttingen
L~Stschiffbau Zempelin
-Dayton
In Table 1 the values Of
second, those of

D

V

30
40
2Z5
50
50
50
s’?

(maxim

DinM
2.00
2*co
O,36

60sO
w. o
84,6

2.00

100.0

2.24
3.GO
2.50

1~,~,
()
150.0
167.5

velocity) in meters per

(diameter or side of the square of the working

portion) in meters, and the product VD

are tabulated for some of

the existing wind tunnel~, The product VD

is the deciding factor

of the maximum value of vz at whi~h tests can be made. This table
.
shows that there are a n~ber of wind t~nels for which the values
of

VII”show only small differences.
Comparative tests in the different wind tunnels is another illl-

portant aspect of the proposed international cC)OperatiO~
Although we have at the time joined Wm, Knight in his effort to
bring about a comparison of results of model tests on stand~rdmodels in different laboratories, we should like to point out sOme
difficulties which wiI.Iperhaps ~ke

it desirable to introduoe some

slight ohanges in the com~rative tests program now under consideration when one or two models are successively tested in the wind
tunnels of different laboratories, as has been proposed values
found for the lifts drag, eto., will not be the same.

The question

will then arise, What is the reason for the-differences and which
value must be considered as the true one?

:

-56The differences found may be oamed by the following faotors,
which can be arranged under threemain headings:
Ftrst, there are errors cawed by the method of measurement
of the forces. Here we must mention the interference of suspension
members with the flow past the model, and the oorreotion needed foz
the forces acting on the parts of the weighing apparatus projecting
into the wind stream, and also errors of the weighing apparatus itself and errors due to the instruments used for measuring the air
velocity.
Second, the influenoe of the boundaries of the airstream uFon
.

the results.
Third, the differences which are due to the nature of the airstream itself - irregularities of the velocity of the airstmam

in

different parts of the cross-section and in regard to timez turbulence of every kind and variations of statio pressure.

Zt seems to

us that it would be greatly desirable to separate errors oaused by
these three groups of oauees in order to reach a sound comparison
of wind tunnel characteristics, and this oan be done by pursuing
the following experimental program:
1. Experiments on the different methods of suspension of models
and a critical study of the different kinds of weighing n18C~niSmS
and velocity measuring devices used by the various laboratories.
2. Experiments and theoretiml

tivestigation of the influence

of the finite dimensions of the airstream.
3. Experiments on the influence of irre~larities of the flow
and of turbulence around tiffezent kinds of models.
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“

4. A thorough exploration of the airstream of the =ind tz:nne~s
as to turbulence, regularity of the velocity and variation in static presstire,
The experiments listed under 1, 2 and 3 need not be carried
through in ever-ywind tunnel,

This pa~t of the work can be clone

by laboratories, which are best fitted for this mo~k and dispose
of diffe~entewind tunnels so that their ordinary wozk is not too
much retarded by these Iong systematic tests.

Some of this work

has already been done,* Only the experiments mentioned under 4 need
to be done in every existing whd

tunnel.

The results of a ~mparison of this kind will be t?at an int&mate knowledge will become available of the inherent quality of the
airstream of each laboratory. When, from the tests gzouped above
‘under 1, 2 and 3, we shalI have learned the influence of the different factors upon the results of the tests, it will be yossible to
draw conclusions about the exact meaning of such tests.
A program, as set forth above, will necessarily take a gr=t
deal of time; but ft seems to us that such a pro~wam would ncItbe
too much of a burden on the laboratories and would lead to a knowledge of the actual conditions under which research work is c=rried
which will be of great help to the progress of the soientifi.cend
of aeronautics.
However, it is desirable to have without fu~ther delay some
preliminary base of comparison, and for this reason the a,doptlon
as suggcstedby
of a preliminary limited program of inves-tigeetio~
Wm. Kni@t

would be acceptable to us.

-5e
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The superintendent of the aerodymmical section of the ~tio:fil
P~sical Laboratory in Teddington informed us that he is actually
experimenting on some models prior,to the circulating of them
through the different laboratories which are willing to make the
necessary experiments, and we are awaitiirlg
with interest t’hematerialization of this preliminary form of international cooperation
in scientific work, which we hope will become more intimate and
effective as time goes on.
* See articles:
On the influence of the suspension parts:
Robert - Utilisation des resultats des essais. Rapports du
Premier Congres International de la Navigation A~rienne* VO1.1, p,l.
Preliminary experiments Of the effect on the experimental results of the method of SUSFeIldiIlg
the model in aerodynamic measurements. Verslagen en Verhandelingen van den Ryks-studiedienst voor
de Luchtvaart, Amsterdan, “Vol. I, p,54,
Irving, H.B. , and Jones, C, N, - Note on the fozm and resistance of the spindle usedby the N.P.L. for standard tests of
18” x 31$airfoils. R&14418. Advisory Committee for Aeronautics.
On wei~hing mechanisms:
Warner, E. P..,and Norton, F. R. - Wind tunnel balances.
Report No. 72. National Advisory Committee for Aeronautics.
On the influence of the boundaries of the airstr~=m:
Prandtl, L. - Tragfl&geltheorie II.
d. Wissensch. zu G~ttingen, p.123.

Nachr, von der K&.

Ges,

Prandtl, L. - Applications of modern hydrodynamics to aeronaufor Aeronautics~
tics. ReFort 116, National Advisory Clm!rnittee
p.51.
.

On the influence of turbulence:
Wieselberger, C. - Der Luftwiderstand von Kugelen.
.Flugt,u, Motorluftsch, f. 1914, p,140.

Zeitschrift.

-59Relf, E. F. , and Lavender, T. - The effect of upwind disturbances in the air ctirent of the channel upon the forces on mDdels,
with spe~i;15;~ference to the effect on the drag of an airship
mode1.
. AdvZ~ry Committee for Aeronautics.
—

On the influence of the-fall of static Dressme:
——
Horizontal buoyancy izlQind tunnels. Technical Note NO.23,
National Advisozy Committee for Aeronautics.
** part of this work -s been done>too, we have published OUr
results regarding velocity distribution in the wind tunnel of
the Ryks-Studiedienst voor de Luchtvaart: ‘iVerslagenen Verhandelingen van den Ryks-Studiedienst voor de Luchivaaxt,n VO1. 1, ~$@~>P*llWe presume that a great deal of unpublished results obtained in
.other tunnels could be collecte~
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By Dr. A F. ‘Zahm,
In Charge of Aerodynami@Z La’~oratory,
Bureau of Construction and Repair, U. S. N.
With fuzther reference to the article on %tandardizq%ion.
and Aerodynamics,t’published by ??j.lliam
Knight in the Aerial Age
of June,2Cl~2
1922, and the subsequent discussion in the Aerial Age
of tk

suggestions therein contained, as contributed by Prof.

Prandtl (October 3, 1921), Prof. von Karman (Jznuary 2, 1922),
COI. Costanzi (February 20, 1922), W. ~~rgoulis (March 6, 1922),
Col, Verduzi.o(April 3, 1922), Dr. Kat~ayr

(~lay~, 1922), Dr.

Wolff {June 19, 1922), regarding the comparison of methods of
aerodynamic measurement and expression, I should say that it would
nom be opportune to have a representative committee a~inted

to

formulate a program for such work.
The inclusion of a very great nmmber of laboratories in the
comparative’tests does not seem advisable at the beginning.

If

a few of the foremost ones, testing not too difficult models,
can obtain identioal results, a good start will have been made.
Such tests already are in pzogress in this country and elsewhere,
but without a common plan of attack, and without a common formulated theory to furnish guidance and precaution.
The experimental program should be at least as comprehensive
as the one proposed by Br. E. B. Volff, in the Aerial Age Weekly
for June,lQ~21922. An aoourate exploration of the air stream,
before the insertion of the model and during the test, should es* From Aerial $ge, September, 1922.

-ed ~ecially not be overlooked by the experimentalists.. In two parers
Fublished by the National Advisory Committee for Aeronautics*,
I emphasized this feature when the Committee was working on its
progrsm for comparative wind tunnel tests.
The most direct way to study accurately and convincl.
ngly the.
correction to be made for Reynolds number vi/D,

in applying

model data to aircraft, would be to insert the full-scale craft
in a wind tunnel of suitable size. A fully equipped air,plane,
for example, could easily be sup~orted on a.~ire balance in SUCB
8
a tunnel, and given a comprehensive test when in natural working
condition, including its power plant and obs~rvers.
Suoh a tunnel should have a throat measuring in cross-section
rather more than 10 x 20 me-ters~and maintain a uniform air stream
at 10 to 30 or more meters per second. The propulsive system required to maintain suoh a stream, at 10C@ efficiency, would be of
slightly less than 170 metric horsepower for 10 meters a seconci,
and roughly 4.500horsepower for 30 meters pev second.

A

tunnel of

5000 or more horsepower might well be recommended.
The first cost of such a tunnel wouldbe

of the same order

as that of the largest aizship shed cr astronomical observatory.
The cost of operating with very high speeds couldbe limitedby
choosing a site near the cheapest source of power.

The cost does

not seem to be prohibitive either to a nation or to a m~lthy
patron of science.
The question now raised is as to the value to aeronautics of
* Report No. 139 - Influence of Model Swface and Airflow Texture
on Resistance of Aerodynamic Bodies.
Note No. 23 - Horizontal Eluoyan~ inWini Tunnels.

-62a full-scale wind tunnel for both absolute and comparat~ve tests.
If it be considered very desirable, the representatives of aerodynamics might do well to indioate its advantages. For if the tunnel should appear to be of sufficient irnportance~the planning and
paying for it would per>ps

not offer very formidable difficulties.

One on a continent would suffice for the present.

Various engi-

neers with whom I have discussed the need for a full-scale tunnel
are of the opinion that it would be more useful to mankind than
another great astronomical observatory, or mzmnoth airship she~
In fact a large airship shed might be used as the housing for such
a tunnel till its permanent value could be ascertained.
A full-scale tunnel would have some obv~ous advantages. It
would furnish a uniform vind throughout the year, i~respective of
.=eatheror seaso~

Wodels and full-s~le

craft or Farts thereof,

whether inherently stable or unstable, could be held steady at anY
attitude to the ‘windundisturbed by gravity or gusts.

The meas-

urements of forces; moments, pressure distributions, flow distributions, could be nade under constant conditions and with stationary instruments. Similar models varying greatly in size couldbe
used, thus enlarging the range of

vt/D.

The effect of varying

the surface texture, or structural details of full-scale craft,
and the effect of ageing and distortion, could be studied, Lams
of comparison between models and full-scale craft could.be more
exactly established when needed, and in some cases dispensed with
by putting the actual ships to direct test.
If an international committee is to consider methods of ex-

-63perimentation, laws of comparison, and forms of expression, it
might well include within its scope not only the work of ordinary
wind tunnels but also that of a compressed air tunnel, a fullscale tunnel i5 Fossible~ and actual flight tests.

STANDARDIZATION AND AERC?DYNAM1
CS.*
By William Knight, ILE.
On June 20, 1921, I published an article in theAerial Age

“

under the title *!Standardizationand Aerodynamtcslfin which the
suggestion was made of the desirability of calling a congress of
representatives of leading aerodynamic laboratories, without any
discrimination between former allies and former enemies, for the
purpose Of arriving at an understanding as to the coordination of
laboratory work in aerodynamics leading to a better ~tilization of
scientific research knowledge in aeronautics in the interest of
all concerned in this matter.
In that article I presented a number of suggestions contained
in a report of mine to the National Advisory Committee for Aeronautics which I had submitted to that organization in 1919 while I
was representing that Committee in Euzope.
The suggestions contained in that report can be summarized ss
follows:The appointed task of the proposed Congress of representatives
of aeronauti=l

laboratories and other aeronautical technical and

scientific organizations should be:1st - To agree on a number of tests to be made in existing wind
tunnels both in this country and in Europe on some standard model;
or models, with a view of determining the influence of local conditions prevailing in each wind tunnel (method of attachment of the
model to the fozces measuring device, dimensions of model as com~r* From Aerial Age, December, 1922.

.
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,

ed to the dimensions of the wind channel, state of turbulence of
the airflow, etc.) and the necessary corrections to introduce intO
the calculations of the results obtained in eaoh wind tunnel on
the same model in order to bring such results in line with those
obtained in other mind tunnels.
At pre~ent suoh a divergency exists between experimental results obtained in various wind tunnels, when no such divezgenoy
should exist, that the confidence of aircraft manufacturers and
designers in the usefulness of wind tunnel research work is badly
shaken. Such a dangero”~.situation could be corrected with the
organized cooperation of “sc~enfii~ts”
and.tecmioal men en~ged

-

in

research work in aeronautics who ‘~~w better than anybody else
where the trouble is to be~fotid and who, furthermore, are eager
to cooperate with each uther~ if the initiative is takenby some
responsible party in calllng a
,:truLy international congress of zepresentatives of aeronauti~l scientif~c organizations for the PU&
pose of investigating the.causes of the trouble and finding the

.

remedy.
2nd - The proposed Congress of Aeronautical Experts should
take up the matter of definitions, s~bols and graphical methods
used in aeronautical reports, books and other publications which
at the present time, in the absence of any uniform standard accepted and adopted by leading scientists and aeronautical organizations,
same as are adopted in statics, dynamics and in the art of applied
engineering, (as for instance in the testing of materials) follow
the line of thought of some particular group of technical men with-

.

-6(3out any reference to the symbols, the %eruinology and the graphical
methods of representation used by other groups of technical men

in

other countries. Here again we are confronted with the fact that
scientific and technical aeronautical reports and publications have
no other excuse for being edited than their usefulness in facilitating the task of aircraft designers and manufacturers in designing and manufacturing better aircraft.
It is already bad enough that the people of the world ,donot
talk the same language, if we add to this the self-imFosed handicap
of a different scientific language spoken in each country in aeronautical publications, I do not see howwe

are going to be fully

benefited by the efforts made by scientists and te&nical men all
over the world who are trying to perfect for us a new means of
transportation,whichwill have a tremendous influenoe on the FrOgress of this civilization of ours.
We cannot too strongly insist on tke fact that ~hen in reading
a report me are stopped either by the meaning of a symbol or by the —
value of a coefficient it is impossible to follow the sequence of
ideas and the reFort is usually thrown aside.
The proposed congress can remedy such a state of things if
the matter is a.pproacbedin a true spirit of international cooperation in the scientific and technical Frogress of aeronautics, by
adopting some fundamental standards which, without any doubt, would
be acceptedly tecknical writers all over the world.

-67How the DiscussSon on Standardization Started.
The suggestion contained inmy article of June 20, 1913, in
the Aerial Age, gave rise to a very interesting discussion in that
xeview which was contributed by leading aeronautical authorities
and, furthermore, it founi an echo in the First International
Congress of Aerial Navigation and in an informal congress of leading scientists and technical men which was recently hsld at Innsbruck (Tyrol).
Considering the great importance of the subject and the urgent
need of arriving at a Fractical conclusion of the very regrettable
state of affairs prevailing at present In the technical and scier+
tific field of aeronautical work, due to the delay in calling the
proposed congress of representatives of leading aeronautical laboratories,

scientists and technical men engaged in aeronautical re-

i3earChwork in every coutry, a little history of the case and a
resume of the opinions expressed by leading aeronautical a.utkorities on this matter shall be probably helpful.
In May, 1919, I was appointed Technical Assistant in Europe
to the National Advisory Committee for Aeronautics for the purpose
of establishing the promotion of a prompt and cozdial ex~ange of
scientific and technical data and information on research and ex-’
perimental tiorkin aeronautics and sciences thereto allied between
the United States on the one hand and the Governments, private institutions and individuals in Europe on the other hand.
In October, 1919, in a report to the National Advisory C@nmittee for Aeronautics prepared by W. llargouli~,former director of the

-6~.
EifYel Aeronauti~l Laboratory, and at that time my assidtant in
Paris and Aero@namical expert of the Paris office of the Committee,
the need for the imuguration of a cordial spirit of coopers-tion
between the various leading scientists and organizations doing research work in aero~utics both in EuroFe and in the United States
was pointed out, and t~e suggestion was made that the Committee
should take the initiative in organizing a congress of representatives of aeronautical laboratories to be held in Paris for the purFose of arriving at a mutually ~atis~actory agreement on the means
to be devised for obtaining:1st - More reliable results in mind tunnel experimental work,
based an a better knowledge of existing conditions in each wind
tunnel>

.

2nd - %he adoption of uniform fundamental symbols and definitions in aeronautical reports and publications.
3rd - the adoption of standard graphical methods of representation of ordinary test results so as to facilitate the comparison
of results obtained in various-ccuntries,
4th - the adoption of a standard method of classification and
indexing of aeronautical publications so as to facilitate research
*
work,
The National Advisory Co&nittee for Aeronautics approved all
of the above suggestions with the exceFtion, hcwever, that, considering the fact that the British Advisory Committee for Aeronautics had
contributed during the war a good deal more than the corresponding
American Committee to the advancement of aeronautics

it was deemed

-e9-

desirable that the initiative in originating a move such as I had
suggested would be taken by the British rather than by ourselves.
Accordingly I took up the matter with the British Advisory
Committee for Aeronautics and com~nicated to them the views of
‘ the N.A.C.A. on this matter.
In 1920, an invitation was issued by the British Advisory COmmittee for Aeronautics to our”own CoMittee and to the leading
aeronautical laboratories in France, Holland and Italy to conduct
a number of comparative tests in their various mind tunnels on the
same model - No invitation wasissued
atories to ~rticipate

to German~tandAustrian labor-

in these tests, and no Frovision was made

for agreeing on the unification of symbols, definitions,’graphical
methods, etc.
In June, 1921, I resignedly position as Technical Assistant in
Europe to the National Advisory Committee for Aeronautics, and I
published in the Aerial Age under the title llStandardizationand
Aerodynamics” the suggestions cont&ined in my earlier report to that
Committee regarding the organization of a Congress of representatives of aeronautical laboratories both in Europe and in the United
States.

Since that time the following comments have been expressed

in the technical press and elsewhere on this subject:German Comments.
Prof. L. Prandtl, Director o“fthe Aerodynamical Laboratory of
the University of G8ttingen, Germany, and one of the foremost German
scientists who has greatly contributed to the present stage of development of Aerodynamics, approves of the idea of calling the pro-

~

-zG

posed congress, whlc-h,hawevez,

-

he suggests should be preceded by

an exchange of views Ky coxresFo~dence between tt.oseparticipating
~n the congress, so as to prepare tke grnmd

for a quick settlement

c?.the various points.involved, He offers a numbez of valuable suggestions as to the way c~mparative tests sho”uldbe made in the variOUS

Wind

tunnels in orde~ to br~~g about a better S,gI?e51Mllt
betweer.

testing results obtained in va~j.ouscountries.
Dr.-Ing. W. Hoff, Director of tke Deutsche Versuchsanstalt fh
Luftfahrt at Adl.ershof,Germany, in a letter addressed to me, endorsed Pzof. Prand%l[s ccmments and suggestions.
Prof. Von gar~n,

Dire~tOr Of the Aerodynanica~ Laboratory Ofi

Aachen, Ge~nY,

points o~t.the i~Portant need of reaching an agree..’
rent on the matter of stan~rdization of symbols, coefficients and
methods of measurement of airspeed in wind tunnels. He points out
the many objectionable f.e~turesof the present state of things which
is fraught ivithdanger to the science of Aerodynamics - ke thinks
that an international aeronautical association organized alcmg the
same lines as the International Society for !t’esting
Matevials would
provide a very good permanent medium of exchange of views between
scientists of all nations in the interest of ‘iltmdardization- he
approves of the idea of oalling a congress &

representatives of

aeronautical laboratories ~hich he suggests skouid be instrumental
in laying the”foundation of a Fezmanent International Scientific
Aeronautical Association,

(Aerial Age, January 2, 1922).

.

‘?~-

.1talian Cazaen-ts.
COI. Ing. G. Costanzi, f@rmer Director of the Royal Aircraft
~atablishen’~ in Rome, Italjj,who duxing and after t~e war was the
~~pr~~~nta-~iveof the Italian Air ScFvice to the Supreme War COUncil in Versailles, and the te~w~~l
permment

representative of Italy to the

Interallied Aeronautical Commission in Paris, approves un-

reservedly the calling of the Congress and the suggested matter to
lay before the Gongress for discussion. He emphasizes the necessity
of putting a stop to the prevailing lack of agreement between experimental results obtained in various laboratories. He also states
that it would be unco”nceivableto reach any agreement in this matter
without inviting the representatives of German Aeronautical Laboratories to the proposed Congress which, in his estimation, should be
held in Germany, where aeronautical works of the highewt order of
both scientific and practical importance have been originated in the
last few years

(Aerial Age, February 20, 1922).

Lieut. Col. Ing. R. Verduzio, ~reotor

of the Aeronautical Ex-

perimental Institute in Rome, Italy, considers the suggestion as a
timely one, approves the program laid out for the Congress and states
that Italian Aeronautical Services shall be very glad to cooperate
to its realization

[Aerial Age, April 3, 2922),

Lieut. Col. A. Guidoni, Aeronautical Attache’to the Italian
Embassy in Washington, and a well known authority in aeronautics,
suggests in a letter to the writer that the matter of the adoption
of the metric system in aeronautical measurements should be taken up
by the Congress in connect~on with the matter of Standardization C<

‘

of Synbols. He points out that the Interallied Aeronautical COmmittee had already started a very i~oztant work of Standardization
4*
which could be taken as a basis f ~ #ther expansion by the proposY
‘“
ed Congress.
G(

W. Margoulis, former Director of Eiffel Laboratory, Paris,
France, discussing the tests s~egested by the British Advisory
Committee for Aeronautics, points out that comparative tests in
wind tunnels, in order to serve the purpose for which he originally suggested them, must be both numerous and systematic in order
that,

as

a whole, they may characterize the airflow in each wind

tunnel. The tests suggested by the British Advisory .Gommitteefor
Aeronautics are to be made on a model of streamline body supplied
by the National Physical Laboratory and successively tested in the
various laboratories in England, France, Holland, Italy, and the
United States. Mr. Margoulis Feints out tht

in October, 1920,

in a paper read by him at one of the monthly meetings organized in
Paris by himself and the writer for the discussion of Aeronautical
problems (and which was published in the “Technical Review of Aeronautical Workst’issued by the Paris office of the National Advisory Committee for Aeronautics) he suggested that comparative tests
in wind tunnels, in order to be effective, must include tests on
spheres, cylinders and streamline bodies of different dimensions
and aspect ratio, tested at all available speeds in each mind tunnel and also in the open air on the aerodynaniml truck of the
St, Cyr Institute, so as to supply a much needed knowledge of free
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flt~httests of models as com~re~ to wiridtunnel tests of the
saue models.

(Aerial Age, ~~r~

6, 1922),

Austrian Cmments. G
Dr. Ing. Richard Katzmayr, and Prof. Ing. Richard Knoller, of
the Aerodynamical Laboratory of the Tec”hnischenHocLschule of l?ien,
Austria, both agree on the urgent need of calling an International
Congress of representatives of Aeronautical Laboratories and suggest preliminary comparative tests in wind tunrielsof various
countries on standard bodies such as Apheres, streamline bodies
and one or two airfoils, the same models to be successively tested
in the various wind tunnels.

These preliminary tests to be made

for the purpose of determining what the writers call a ‘laboratory
factor” or a constant expressing . all those elements which are
peculiar to each wind tunnel and which cannot be deduced mathematically, such as: turbulence
. of the airstream, ratio between
dimensions of model and dime:~ion,sof working section of w~nd
tunnel and, especially, the influence of the method of fastening
the model to the balance.
Prof. Knoller and Dr. Katzmayr also state that one of the
most important tasks of the proposed congress ~hould be the stand.
ardization of symbols and definitions used in aerodynamics and
make suggestions along this line, Prof. Knoller as early as the
year 1914 suggested the adoption of absolute.units in fundamental
formulas.used in aerodynamics - as to the unification of methods
of graphical representation it is pointed out that both in Germany and Austria the same methods are used.
1922)..

(Aerial&e,

May 8,

.

-?4Duteh C@qen$$.
I?r,E, B, Wolff, Director, Dv. C. Koning and Dr. A. Gt Ba~bauer in charge of the aerodynaznicaltests at the Aerodynamical
Institute of Amsterdam (Rijks–~tudiedienstvoor de Luchtvaatt),
entirely agree on the necessity of ~lling the proposed congress
and unreservedly approve of the suggested program of activities of
such congress. On the matter of comparative wind tunnel.tests,
they agree on the preliminary limited program suggestedby myself

but they suggest an additional number of systematic tests to be
undertaken by only a few of the most u~to.date

laboratories in

order to separate the causes of errors in mind tunnel experimental
work as due to: the method of measuring forces, the influence of
the boundaries of the air stream and the nature of the air stream
itself.

This last cause of error, which includes: irrewlaritie~

of the air velocity at different points of the cross section of
the wind tunnel in regard to time, turbulence of evem kind and
variation of static -pressure,however, should be investigated
quite thoroughly in every wind tunnel

(Aerial Age, June, 1922).

American Comments.
Dr. A. F. Zahm of the Aerodynamical Laboratory, Bureau of
Construction and Repair, U. Ei Navy, believes that the inohsion
of a very great number of laboratories in the comparative tests is
“notadvisable at the beginning, but he is certainly in favor of
making these tests in the most important aerodynamical laboratories
and he po$nts out that in order to bring about the desired results,

-73the e~e$imental program adopt@

should be at least as comprehen-

sive as the one suggested by Dr. E. B. Wolff in the Aerial Age of
June 19, 1922, and should be followed wp in accordance with a mmmon plan of attack &nd with a ~mon
guidance and precaution

fo~~lated theory to furnish

In two papers publishedby

the National

Advisory Committee for Aeronautics {Note No. 23 and ~epor~ Ko. 139)
Dr. Zahm had emphasized this feature when the committee was working
on its program of comparative wind tunnel.tests which we mill mention later on,

He also believes that the most direct way to study

accurately and convincingly the correction to be made for Reynolds
.
numbers in applying model data to aircraft, would be to insert the
full scale craft in a wind tunnel of suitable size and he suggests
the building of a wind tunnel 10 meters in diameter by 20 meters
long at the throat providing a wind stream of 10 to 30 meters per
second and requiring about 5000 horsepower. In his opinion, such
a wind tunnel would be more useful to aeronautics than anything
else at the present time.

(Aerial Age, September, 1922).

In connection with Dr. Zahm*s remarks on the usefulness of a
large wind tunnel allowing aerodyn.amicaltests on full size aircraft I might mention here that a complete projeat of a wind tunnel
of the same dimensions and requiring the same power as the one mentioned by Dr. Zahm was prepared by Mr. W. Margoulis for the Belgian
Government and was transmitted by myself to the National Advisory
Committee for Aeronautics in 1920, strongly recommending that it
should be taken under consideration: Also, in 1920, a proj~ct of a
compression wind tunnel (this project also by Mr. t!argoulis)was

-’i’Gsubmitt~~ tO the Coaittee by my office in Paris and event’~allythe
tunnel has now been built at Langley Field and shall probably prove
to be a very useful testing device, without however detracting any
from the very practi~l

(altho~h rather costly) usefulness of a

hrge wind tunnel allowing ~kfng

tests on full scale aircraft.

The National Advisory @mittee

for Aeronauti~,

replying to a

I

letter of mine of last May requesting a statement of the present
VieWS of the Committee on the ~tter

of the Congress of representa-

tives of Aeronauti~l Labo~atories which I suggested to them in
1919, makes the following statements:(1) ‘The standard tests mentioned by tke British Aeronautical
Research Comittee are entirely SeFarate from the testg that we have
outlined for the wind tunnels of this country. There is, however,
a connection between the work of o~

Committee and the Canadian Air

Board and it is cuntemp~ted that the models for-test in wind tunnels prepared by the Aeronautical Research Committee will be forwarded to our Committee by the &nadian Air Board, after they have
been tested in the wind tunnels in,Canada. By the same arrangement
we will forward the models prepared by this Committee to the Canadian Air Board, and it is contemplated that when the tests of models
are made in all the wind tunnels

in

this country, the models will be

sent to Europe after tests have been conducted in Canada.
(2) The aerodynamic laboratories of Germany and Austria were
not excluded from the general list where it is proposed to have the
models tested outside of the United States.
(3) The Cowittee

..

is very sympathetic in regard to reaching an

.

. ..

.-

----

understanding with all countries for the standardization of symbols
and methods of graphical representation used in aerodynamics.
(4) The uommitiieeis not willingto take the initiative in the
fOrmiag of an International Congress for the Standardization of aerodynamics. Such a congress m~t

of necessity be international in

scope and it would be im~ossible for the Committee to have an official representative there, as the United S$ates Congress does not
look with favor unon the United States being officially represented
at any international conference. We would, however, have a representative present WhCIwill prabably join in the discussion but would
not have the official standing necessary to vote.1’
British Comments.
The British Aeronautical Research Committee arwering a letter
Of mine requesting a statement of their FOint of view in the matter
of the proposed Congress, writes to me:“YOZU letter of March 2Sth was brought to the attention of the
Research Committee at their meeting of April 11, 1922. They were
interested to learn of the steps that had been taken to provide a
preliminary exchange of views between a number of experts who had
communicated articles in the Aerial Age Wt

they do not consider

that the time is yet come for the proposed congress of representatives of aeronautical research laboratories. Perhaps the best step
that could be taken to coordinate the work of these different laboratories has already been pojected,

since the international trials

on certain models have oommenced and the models are en route to the

,

various laboratories approached by the British Aeronautical Research
Gcmdttee,

It seems doubtful whether any additional advantage can be

obtained in calling together, at a great expense, a congress of the
proposed nature, since at present tkere iS only a relatively small
quantity of research work on aerodynamics being carried out throughout the world, and the best means of coordinating work already published arises with the collection of results of tests by the various
laboratories on the same models, and this is in hand.
We are not at present aware of what steps have been taken to
coordinate the standardization of aeronautical terms and symbols.
Some years ago, the Royal Aeronautical Society prepared a g10sSa2y
of aeronautical terms~ and later the American authorities prepared
a ‘similarglossary. These agree in most respects. Since that date,
the French authorities have translated the English glossarY and are>
we Wderstand,

in touch with the British Engineering Standards Assoc-

iation with reference to the new revision of the old glOssarY~ which
.
is being prepared by this Association in cooperation with the Royal
Aeronautical Society, the Air Ministry, the Aeronautical Reseazch
Committee and other technical aeronautical bodies in this muntrY. n
Comments Made at the First International Qongress
of Aerial lJavigation.
At the First International Congress of Aerial Navigation held
in Paris in November, 1921, the matter of international cooperation
in systematizing wind tunnel work leading to the adoption of’uniform
fundamental symbols and definitions was the object of a lively discussion contributed by representatives of French, Italian, Wtch,

.?SA
S~nish~

and other European aermautioal laborat0rie6. Amsri@n

and

British laboratories mere conspicuously absent at this First International Gongress of Aerial Navigation aridGerman Laboratories were
not allowed to joim
Mr. ~errera, Director of the Aerodynamic Laboratory of Madrid,
Spain, at one of the ~eetingS of the Tec~ical Committee of the
First International Congress of Aerial Navigation suggested the organization of a-nlJInternationalUr~iOnof Aerodynamic Iaboratoriesn
headed by one laboratory (he suggested the Eiffel Lq.boratory)which
.— —
should formulate a program of comparative tests on a number of models.
According to Mr. Herrera, the same set of models should be successively tested in the ~rious

~boratories, following the partioul.ar

method of expertientation of the laboratory making the tests. After
the tests have been completed in all laboratories, the results
should be compared and, from the res~ts of such a comparison, enough
data should be available as tO allow of the adoption of uniform coefficient and the standardization of methods of future experimental
work in wind tunnels.
.

(Frankly, we fail to see that the matter is

so simple as Mr. Herrera seems to think). W=

Herrera also suggest-

ed that this work should be planned for by the one Iabozatory representing the pro~osed International Union of Aerodynamic Laboratories and be carried through by the various laboratories under the
supervision of this super-directing laboratory (the Eiffel laboratory).
Profe Sor-eau,Vice President of the Aero Club of France, and
CWirman

of the Tectiical Committee of the First International Gon.

-Emgrss6 of Aerial Navigation, objects to !Ir.Herrera’s suggestions
for two reasons: 1st - because he does not see that it is possible
to establish a supergoverrimentof aerodynamical laboratories as
suggested by Mr. Herrera and, 2nd - because in order to compare z~e
the results obtained in two laboratories it is essential t-t

the

conditions under which experiments are made be the same, therefore,
it seemed to him that the proper thing to do would be to adopt
first uniform methods of experiientatim (as for instance the same

.

method of attaching the nodel .to the balarice)and then make the
tests, rather than doing the reverse as Hr. Herrera suggested.
Dr. E. B= Wolff, Director of the Aero@amioal

Laboratory of

Amsterdam, Holland, referring to his correspondence with the National Advisory Committee for Aeronautics and the British Aeronautical
Research Committee regazding the proposed com~rative wind tunnel
tests, states that after receiving the invitation to participate in
the tests suggestedby the British Aeronautical ,Researchcommittee
he has not heard any more about this matter.

He suggests that some-

thing should be done, vithout any further delay in order to start
the proposed comparative tests on the same models in the various
tunnels.
Mr. Louis Breguet, French Airoraft Designer and Manufacturer,
endorses the suggestion made by Mr. Herrera and by Dr. Wolff and
suggests the appointment of a oommittee charged to make definite
suggestions leading to the standardization of methods of experimentation in wind tunnels and to the standardizatim symbols used in
aeronautical Forks.

-8X.
Mr. W. Margoulis reports

tu

the

rongress the initiative +@::a

by htuself and by myseif in 1919 in order to bring abcut the propose4 comparative tests. He deplores that the British Aeronautical
Research Uommittee ~=~ not gone any further in the realization Of
its test program than issuing an invitation to parb5.cipatein some
com~rative tests on a model prepared by that committee, whioh,
however, has never been sent to the various laboratories to which
the “invitationwas issued,
prof. Soreau, chairman, answering Mr. alargoulisisremak}s regarding our unsuccessful efforts in 1919 to try to induce the
National Advisory c~mittee for Aeronautics to take the initiative
in bringing about a mu~h desirable cooperation between aerodynamical laboratories, states that he knows the reasons why both Mr.
Margoulis and myself failed three years ago.

He could not reveal

what the reasons were but he could state nevertheless that the
stumbling block was represented by some governments (meanifi-~<$he
United States, quite evidently) who are not inclined to take part
in international conferences. Such being the case, he said, it
would seem that the appointment by the ~irst International Congress
of Aerial Navigation of a committee such as it had been ”suggested
by Mr, Breguet would not constitute the most advisable step to take
at the present time, especially considering the fact that most of
the aerodynamic laboratories in every country ”areunder government
control. In his opinion, the best thing to do would be to adopt a
number of resolutions and submit them to the French Under-Secretary
of State for Aeronautics which would take up the matter of Standard.

-B2izat30q of symbols, notation, SUM$methods of experimentation with
foreign governments.
%.

Bzeguet and Mr. Prix of the St. C&r Aerodynamic Institute

insist on the appointment of a committee.
Col.
. Verduzio, Director of the Aerodynamical Laboratory of
Rome, Italy, points out the great disadvantage under which the
~ork in aerodynamics is proceeding at present in the absence of
an understanding between aerodynamic laboratories on the matter
of experimental methods adopted and in the absence of uniform
symbols and notations having the same meaning in every country.
The latter, according to Gel. Verduzio is of the greatest importance and he submits to the congress a list of symbols and notations prepared by the Italian Aeronautical Technioal Services
which, he suggests, could be taken as a basis in the discussion
for the adoption of international standards. Col. Verduzio refers to the failure of the British Aeronautical Research Committee
to carry through the proposed program of international wind tunnel
tests on a model supplied by them and, in order to get started,
he suggests that each laboratory should make its own model from
the same drawing and start the tests.
Col, Fortant, Director of the French Technical Section of
Aviation, suggests that, independently of any governmental action
by the Under-Secretary of State for Aeronautics in dealings with
forei@

governments in the matter under discussion, as suggested

by Prof. Soreau, the suggestion made by Mr. Breguet and others
regarding the appointment of a cmnmittee, be at least unofficially

-83ad~%ed

and that the represenm~~v~ of aerodynamic Iaboratort%s

attending the “Congressmeet together and exchange their views on
the matter of symbols and comparative tests which, in their opinion, should be the object of an international agreement.

●

Resolutions Ado’ptedby the International Congress of
Aerial Navigation.

At the close of the First International Congress of Aerial
Navigation the following resolutions were adopted expressing the
views of the Technical (lonmitteewhich were offered by,the Con.
gress with the suggestion that they shouldbe adopted by governmental and civilian aeronautical organizations:
‘Resolution No.3 - To make a study of the measures which may
. be immediately adopted in the test methods of aerodynamioal laboratories in order to make it possible to compare results; in particular to define the geometrical forms and the material realization of a large number of typical models, which tested sYS3ema%ic..allyin well-defined conditions, would serve in some sort as a
characterization of a wind tunnel; also to bring about an agreement that the same collection of such models be tested successively in the various laboratories.
llResolutionN0,4 - Unification of terms and notations employed in the aeronautical publications of the different countries.n
The appointment of a committee charged with the actual carrying through of the work outlined in resolutions No. 3 and No.4
which had been advooated by Mr. Breguet and others did not take
plaoe and, besides expressing a more or less sentimental wish that
.

-84somebody, somewhere, would do someihing in the direction pointed
out in the two resolutions quoted above, the First Int~rnation~l
Congress of Aerial Navigation did not do a thing for bringing
about the rnuoh-de$ire d’international
wind tunnel tests and thq
standardization of symbols, terms and graphical methods en@oye@
*
in aeronautical publications of the different countries .3epresent-

.

ed at the dongress, in spite of the fact that urgency of such a
measure had been pleaded for by the representative of every aeronautical laboratory attending the dongress,
It is no wonder, however, that the First International Congress of Aerial Navigation could not accomplish anything in a matter such as this which required the cordial cooperation of scient-..
ists of every nationj when me stop to consider

that

Am@rid@

~H~

British scientists weze consp~cuously absent and German;.A~triafi
~d

other scientists Gf fd~e~

enemy nations were not allowed tO

join this congress which was held under the auspices of the French
Government.
The Moral of a Sad Story.
From the above history of the fruitless efforts whfdl haVe
been made during”the last three years by 6~ientists an’dtechnical
men of all countries interested in aeronautics in order to bring
about a much-needed international cooperation in aeronautical research work in the interest of aeronautics as a science and as a
new and tremendously important branch of engineering, we can draw
the following conclusions:
(1st)

It is well re~gnized by all leading authorities in

““:

-85aeronautical research work that the lack of cooperation between
the various aerociynamiclaboratories in adopting a common standard
whereby the results of wind tunnel tests can be intelligently interpreted md

compared with each other (wherever it stands .to reason that such a comparison should be possible) iS fraught with
danger and tends to destroy the confidence of aircraft designers
and manufacturers in wind tunnel tests which are now the only
scientific guidance that aerodynamics can give to the aircraft designing engineer in order to allow better and safer design of
aircraft.
(2n@

The present chaotic condition existing in the matter

of symbols, definitions and methods of graphical representations
used in aeronautical technical reports and publications edited in
various countries, makes ,it almost impossible for anybody who is
not familiar with the technical aeronautical terminology adopted
by each country to derive any benefit from publications and reports edited in any other country than his own.
(3rd) The present lack of cooperation between aerodynamic
laboratories and the handicap brought about by the absence of a
uniform scientific aeronautical language having the same meaning
in every country, is not due to a lack of appreciation by scientists and technical men engaged in aeronautical research work,obf
the very undesirability of the prevailing situation, On the contrary, almost all of them are ready to enter into and to abide by
any sort of international agreement which will correct the present
state of affairs.

-8G.
(4th) Due to the fact that all leading aeronautical laboratories and other aeronautical scientific organizations in the
world are under government contYol, any initiative in the desired
direction can only be taken at the present time by one or more
governmental aeronautical institutions with the approval and the
active support of the government machinery back of it.
(5th) Any move of this sort originated by the aeronautical
services of any of the big nations in Europe, is bound to be influenced by political considerations, by limitations imposed by
the treaty of Versailles, and by resolutions officially adopted
during the war at interallied meetings of prominent scientists
and representatives of academic bodies on the matter of pOst-War
cooperation with scientists of, a% that time, enemy countries.
(6th) Quite evidently under these conditions it is impossible to reach a truly international agreement, such aS

is desired

as long as German aeronautical progress and German scientists are

either ignored or snubbed.
The failure of the First International Congress of Aerial
Navigation to work out any plan for meeting the situation, ~Thich
had been brought to their attention by those most interested in
and most concerned with the desirability of reaching an agreement
on the matter of international cooperation in aeronautical research vosk and on the matter of standardization of aeronautical
technical terminology, provides the best illustration of the futility of placing any hopes in the outcome of the vague reconmenk
tions presented by its technical cormnitteeto the French UriderSecretary of State for Aeronautics.
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(7th) The program of wind tunnel tests ona

single model

successively tested in vazious wind tunnels in Europe and in Amen’
ica, which was outlined by the British Aeronautical Research council almost three years ago (and which, as far as I know, has not
materialized as yet) did not include and does not include at the
present time, for.all I know, the cooperation of German Aeronaiitical laboratories. Furthermore, that program was not prepared with
the collaboration of arrgof the laboratories invited to join in
the proposed tests; it Was simFly a British ready-made program of
wind tunnel investigation work which discussion in the Aerial Age
of this subject has failed to Frove that it was the most accep+~
able one to all concerned. On the oontrary, that discussion has
led to the contribution of a good many suggestions by prominent
aeronautical authorities which most certainly should be taken into
consideration before formulating a program of international cooperation in a work which is to be purposely undertaken in the interest of the scientific and technical progress of aeronautics in
all countries.
Our National Advisory Committee for Aeronautics
an Important Factor in International Aeronautics.
When, three years ago, I suggested to and strongly urged upon
our National Advisory Committee for Aeronautics to take the initiative in oalling a meeting in Paris of the representatives of leading aeronautical laboratories in the United States and in Europe
for the purpose of outlining a program of international wind tunnel
tests which would have eliminated the present objections to wind
tunnel experimental work, and which would ~ve

laid out the basis

.

-$5for the adoption of a much needed consistent uniformity in aeronautical technical terminology, I was prompted by the fact that I
knew that our National Advisory Committee for AerO~utiCS was the
only aeronautic scientific organization in the world which could
have undertaken this task and carried it through to a successful
conclusion,
In fact> this Comittee had the assurance of the most effective
coo~eration of scientists of all nations (former allied and former
enemy nations) who> in spite of the official taboo which separated
and still separates in most European countries scientists in two
grou~s: friendly and enemy, would have melcomed any attempt on our
~rt

to bridge the gap, in so far at least as aeronautics are con-

cerned.
Furthermore, our National Advisory Gommittee for Aeronautics
being as it is directly responsible to the President of the United
States and to gongress only, is t~leonly aeronautical scientific
0rgMliZati031

in the world ~der

Government control which is inde-

pendent of all governmental departments while at the same time it
cooperates with all of them as well as with our national aircraft
manufacturing indus,try,with engineering societies, universities,
and other educational and academic bodies engaged in aeronautical
.
research ~ork in this country.
The contribution made by this (lommitteeto the advance of reSeSLrdht~orkin aeronautics during the ~st

five years, with the

insufficient funds placed at”its disposal by Congress, places our
National Advisory &mmittee for Aeronautics in a position of natw-

al le~ership

in the scientific field of aeronautics, and f&ther-

inore,the disinclination on the part of the American people to discriminate between scientists of former enemy and former friendly
and neutral nations would have created an atmosphere of confidence
and a spirit of effective cooperation in a meeting of representatives of aeronautical research laboratories organized by this
Cormnittee. This, however, could not be accomplished due to the
fact that the National Advisory ~ommittee for Aeronautics
look u~n

Congress for guidance on all

matters

inoxe or less

nlUSt

di-

rectly related to our dealings with foreign nations. As stated
before, the ~ommittee (1) is very sympathetic in regard to reaching an understanding with all cO~tries for the Standardization
Of symbols and methods of graphical representation used i.naerodynamics (2) it is more than s~pathetic in regard to wind tunnel
tests leading to a definite and practical utilization in the future of wind tunnel work and (3) it is not disposed to ignore the
existence of German and Austrian Aeronautic laboratories and scientists, On the contrary, this Committee has been the first one
‘whichhas adopted for wings the same coefficients used BY the
G~ttingen Laboratory simply because they mere the most logical
coefficients to adopt.

(This example, I understand, is going to

be followed by French laboratories. . As far as British laboratories
are concerned, it is very doubtful indeed if they will ever adopt
symbols, coefficients and graphical methods of representation other
than their own).

The stumbling block on the road’of progress and international
cooperation (at least in the scientific field of aeronautics)
-~hichcould have been brought about by the only goveznnental aeronautical research organization in the world car-ableof obtaining
the desired results, is represented by tke unfavorable standpint
from which our present Congress is inciined to look upon any international conferences between ourselves and European powers.
Under the circumstances, it is quite natural that the National
Advisory Gornmitteefor Aeronautics sho~d not be milling to take
the initiative in the organization of an International Gongress
for the Standardization of Aerodynamics. As a matter of fact,
should such a congress be organized by ario~hernation, our National
Advisory Committee for Aeronautics could not evenbe officially
represented there, sane as it has not been represented at the
First hterriatio~l Congress of Aerial Navigation or at any other
of the international aerora,uticalconventions which have taken
Place in Europe during the last three years, where most important
decisions affecting international aerial navigation have been taken
.
in our absence, without any reference whatsoever to our present or
future interests in that direction.
This is not the proper place for discussing either the wisdom
or the narrow-mindedness of our policy of isolation (neither splendid nor always consistent with our national interests) which we
are pursuing under the present Gongress in every event takeing
Flace, sometimes three and sometimes twelve miles off our shores,

‘

-91but this is certainly the place wkere we can say that the unwill-

ingness of Congress, either expressed or assumed by the National
Advisory Committee for Aeronautics, to allow that body which has
done and is doing some splendid work, to establish closer ties
between American and European aeronautical scientific research institutions, is neither consistent with the progress of aeronautics

-.

nor with the dignity of an organization which should be left free
to work in the interest of science unhampered by politioal considerations,
When, three and a half years ~goi S ~uggested the establishment of an office in Europe of the National Advisory Committee for
Aeronautics for the pvpose

of establishing and maintaining a cor-

dial exchange of thoughts between American and European scientists
working on aeronautics and sciences allied thereto, and when my
suggestions were approved by that Committee and I was appointed
its representative in Europe for the pu~pose of carrying through
that program, the keynote of our national policy was: cooperation
with Europe,

We went too far, however, or probably our ?notives

and our lofty ideals which p~ompted ou

desire to cooperate with

Europe in the reestablishment of order and peace in the world,
mere not met with the same spirit which aotuated them. At any rate,
with the advent of the new administration a complete reversal of
out foreign policy took place and, helas, I soon discovered that the
fine spirit of international scientific cooperation in aeronautics
which had provided the only reason for establishing a foreign office

in Europe of the National Advisory Committee for Aeronautics,

,

had been damped to such an extent that my activitiesin pxorfiting
cooperation were actually embarrassingthe Committee. After two
years of persistent efforts I had to withdraw from a work wh~ch,.

‘

however, I feel has sown good seed which shall bear fruits later “
on when it will be more fully realized, both in this country and
in Europe, that the root of all our evils in the difficult Feriod
of evolution of the human race that we are going through is the
lack of cooperation between the intellectuals of all nations.
The Disc~ssion,h~s,Served its Purpose.
The efforts made by Mr. Margoulis and myself duri&

the last

three years for Fromoting a cmn~ress of re~resentatives of aeronautical research laboratories,,and other scientists workin~ in
aeronautics in the interest of the scientific ~ro~ress of

~Lero-

n~utics have not been lost, and the discussion in the Aerial Age
of the subject l%3tandardizationand Aerodynamics,~lI feel has
served its gur~ose, which was to show that intellectual cooperation in aeronautics can be achieved and must be achieved by taking
into consideration the views of all before trying to ~lace our
own inter~retation on what should be done in the Fursuance of a
plan calli~

for the coo~eration of others.

The su~~estions that we made three years ago on the subject
Of mind tunnel tests have been adopted in ~rinciple by all aerodynamic laboratories, however, both the Eri%ish Aeronautical Research Council and our National Advisory Cor,v.ittee
for Aeronautics
have each formulated a test program of their own without taking
under consideration the views of other laboratories, and each Fro-

.

-93Foses

to

go ahead with its own Fro&ram and make its own models,

test than according to its own ideas and then ask other laboratories to duplicate the same tests on the same malel.s.
Other labo~atories, I understand, are ~lann~

to do the same

thin= and the consequence of this lack of cooperation between the
.

various laboratories in formu~ting a unique Frogram of experimentation agreeable tO all shall bri~

about a useless loss of time

and energies, Since the necessity of making these com~arative
tests has been recognizedby

all cnncerned, w~

nofitry to make

them as com~lete as po~sible in a true s~irit of international
scientific coo~eration?
The discussion of this subject, botilin the Aexial Age and
at the First International Congress of Aerial l~a,vig=tions
-S

suF-

,
—

Flied enough elements to a~proach the ~roblem of Stazxla3@ization
and Aerodynamics on some sort of well-defined basis.

It should not

be difficult tO coordinate the various suggestions made bY the

—

directors of the various laboratories and to find a common g~ound
on which an agreement might be reached. This can be accom~lished
mostly by correspondence. After an agreement has thus been reached on general lines, a meeting of American and EuroFean reFresentatives of aerodynamic laboratories and leading scientists engaged
in Aeronautical research work could be easily arranged for.

A

meeting of this sort, bringing together scientists of all nations,
which on acmunt

of the war find themslves se~arated by ration-

alistic barriers, would make it Fossible to work out the details
for carrying throu~h a Frogram of immediate and futw-e act~ons
and, furthermore, would su~~ly the human factor as re~resented by

~

-94the personal contact of men having the same object in mind: the
Frogress of science.
Let Us Have Peace.
In spite of the war, in spite of the tremendous turmoil of
hate, lust and avarice, in spite of the reawakening of all the
baser instincts of the human race which the mar has unchained,
me can see the signs of a new era dawning upon us.

Social re-

forms based on the old standards of personal and nationalistic
advantages shall never restore peace and order, unless we realize
first the true meaning of the lam of brotherhood and stand ready
to compromise on the matter of personal rights, privileges and
advantages in the interests of all.
“ The intellectuals of the world, scientists and technical men
engaged in the work of developing and perfecting new inventions,
are the pioneers of this new era,

It is up to them to realize

the meaning of the divine love, of which science is the noblest ,
expression, and it is up to them to give the example and to teach
the objective lesson that the world needs: the unselfish cooperation of all in the realization of a common good.
Aeronautics and the enormous possibilities offered by aeronautics, which reFresent the outstanding engineering progress born
out of the war,,points out the may to us where international cooperation of scientists and technical men starts.
We have in aeronautics a new science, a ne~branch

of engi–

neering, a new and fundamentally international means of communic>
tion.

The men who are working in aeronautics are new men, they

.

-95understand the need of cooperation, they are ready to ccoperate
with each other, they invite the leadership of a group of progressive scientists of a progressive nation to bring about the formation
of a nucleus of the great brotherhood of the intellectuals of the
world.
Can I be blamed for continuing, after three years of efforts
(not fruitless, by any means) to look upon our National Advisory
Committee for Aeronautics as the best adapted Aeronautical or@nization in the world for bringing about the desired results? Espe~
ially so when we consider that the Committee is in sympathy with
the idea of an international congress of scientists working in
aeronautics and would be ready to join in a discus%n leading to a
better understanding of wind tunnel work and to the Standardization
of Symbols, notations and methods of graphical representation‘used
in technical aeronautical works, if it was not prevented from doing so by the stand taken by Oongress on the matter of American
participation in international co@erences.
Only last September a pathetic appeal was sent by German and
Italian scientists working in aeronautics, to scientists of other
nations to take part in a meeting held at Innsb~ck

(TYro~)~

The invitation read: ltTheresearch work of the last y-earshas
brought about in all countries considerable progress in the development of the olassioal theories as well as of the fundamental
problems of practioal hydraulics and aerodynamics. On account of
political events the interchange of ideas and personal intercourse
among scientists has.’been impaired. By the said meeting we intend

‘

-96to avoid whatever hinders at tfiepresent time the success of official international congresses. We simply vfantto rally %ithout any
formalities the scientists interested in these special problems.!’
American, British aridFrench scientists did not answer the =
call of their German and Italian brethren, not because they did
not want to, but because they could not on account of the unfortunate preponderance of political consideration over other considerations of higher nature.

This seems to be the price that scientif-

ic research work in ae~onautics Must pay nowadays in order to obtain tk’ie
scanty credits grar.tedby the various gOver~ientS for
that purpose.
It is rather amusing to see that, of all gover~ents subsid--”ing scientific research work in aeronautics, the German gover~ent
should be the first one aho has not opposed its veto to the action
taken by Prof. Prandtl and by Prof. Karman in calling this first
international congress of scientists working in aeronautics.
An Appeal tG the Nation-alAdvisory Committee
for Aeronautics.
I wish to close the present discussion of the subject l’Standardization and Aerodynamicsn by appealing once more to tlzemembers
of our National Advisory Committee for Aeronautics, Urging t’hemto
use their personal influence and the enormous prestige of the finest aeronautical scientific organization in the world for obtaining
from Congress the recognition of the fact t’mt a wider range of
independence from political considerations by that Committee in the
field of inter~tional cooperation in the intezest of the scientif-

-9?ic progress of aeronautics is worthy of the high standards of that
institution and is consistent with our national interests.
The first step along the r~d

of collaboration with Europe in

the work of reconstruction (~hi~h, no ~tter

if we like it or not,

we shall have to travel sooner or later) it is just and right
should be made by American scientists. Such a step would be entirely consistent with the desire repeatedly expressed by the nation, the President, and by members of his

Cabinet, to cooperate

with Evcopean nations in any constructive plan leading to the reestablishment of peace in the world,
who can suggest any better plan leading to the reestablishment
of peace in the world than the one brought about by promoting an
increased colhiboration between scientists and technical men all
over the world? And if the initial move in that direction can be
made by promoting peace and collaboration between scientists working in aeronautics - who are ready and eager to fulfill the law of
international brotherhood - why not let aeronautics lead the world
along tke @th

of intellectual evolution on which, in spite of all

adverse forces, “we:.azesteadily progressing?

Why should skort-sighted and short-ltved politic~

considera-

tions deprive this nation and our National Advisory Committee for
Aeronautics of the great p~ivilege of being able to make the first
move ?

Quoting President ‘HardingtsWords.
The words spoken by the President at the commemoration of the
f owth

anniversary

of the armistice

truly

represent

the sentiment of

-98the great majority of the American people on the matter of cooperation with Europe:-

1’1think me have come to realize, as a nation, that we cannot hope to avoid obligations and responsibilities, often arduous
and burdensome, as @rt

‘

of the price we must pay for our fortunate

relationship to the confraternity of the nations.

It will be great-

ly to the national benefit, I am sure, if those who most intimately
participated in the events of the great world war, and among them
I of course include particularly the men of the overseas forces,
shall always keep in mind the fact that their noble service to
their country and civilization has imposed upon us a duty to recognize that henceforward we must maintain a helpful and sustaining
attitude in all the broader relationships that involve the nations.
Our first duty will, indeed, be to our om, but that duty cannot
be adequately discharged in narrowness and selfishness.
ltThatwe may be guided to a just judgment of the time and occasion.for further proof of our interest in the common cause of
humanity, and Zn choosing the methods whereby to discharge the obligation thus created, will be, I am sure, a fitting prayer for
this armistice ammiversary. n
Let us keep in mind that we can help making this world safe
for democracy in one way only: by taking our share of obligations
and responsibilities

in building up a new International: THE INTER-

NATIONAL OF BRAINS AND HEARTS.

‘

