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Introduction 

The design of an airplane must be based on exhaustive theo-

retical calculations and practical tests conducted both with 

models and with airplanes in flight. Particular and thorough 

knowledge of the esultaflt air force which acts upon the wing 

is required.	 t produces drag, pressure, deflection, and tor-

sional stresses. So far, no exhaustive investigations on this 

air force are available. This refers particularlY to d±ag. 

There are two drag ccmponents the induced dra.g and the "pro-

file' or wing-sect i on drag. Thile the induced drag, which is 

simply due to losses at the wing tips, is theoretically measura-

ble with a fair degree of accueacY, no method has been yet de-

veloped for directly calculating OT measuring the profile drag, 

which depends on the sha p e of the wing section . In "Zeitschrift 

fir Flugtechflik und Motorluftschiffahrt," of FebriarY 14, 1925 

(see NA.00A. Ter	 ?j2 337), A. Betz published 

an cne Tragfli.gel . " From 'Be-

rchte und :.:i1arY! UflgOfl der • V.ssenschaftliCh5fl Gcsellschaft 

für Luft±ahit," Deceme1', 1926.
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the theoretical bases of a method for the direct determination of 

the profile dag. Betz suggested that this method be applied to 

wind-tunnel tests as well as to full-scale measurements. Thus an 

adequate SOiUt j Ofl of the question of drag d'isti'::bution over the 

entire span is obtained. 

The comparison of model tests with tests in flight can be 

based on the result of such measurements. They arc very impor-

tant from the aerodynamica1 point of view, as they lead to useful 

conclusions regarding the behavior of the wing, its best shape 

and the conformity of theoretical and actual flow. Although 

there still remains a certain prejudice against such measurements, 

I have attemted to make thes .e comparative tests in order to in-

spire confidence in the reliability and demonstrate the impor-

tance of measurements in flight. 

I. Betz Method for the Direct Determination 

of Wing-Section iJrag* 

The profile or wing-section drag is ordinarily found by 

measuring the total wing drag. in a wind tunnel The profile 

drag is then obtained 'by subtracting the calculated induced drag 

from the total drag. The trouble with this method is that the 

profile drag is obtained from the difference of two values of 

the same magnitude. Hence, if the total and. the induced, drag 

cannot he determined, with absoLute accuracy, the resulting error 

* From Z C jts Chrjf fiir F1ugchnik und Motorluftschiffahrt , 1925, 
No. 3, p. 42 ff.
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will be comparatIvely great, owing to the smallness of the pro-

file drag. The total drag is usually measured on aconsiderably 

reduced. model with a small index value. The calculation of the 

induced drag is only approximacely correct and the disregarded 

points affect the pcofile drag. Thus thismethod. appears to be - 

only a makeshift Riving a rath6r. low degree of accuracy. 

J. Ackeret, in his newly developed method, calculates the 

profile drag directly from the energy loss of the air, thereby 

proceeding from the tests dealing with velocity and pressure 

distribution behind airfoils, which were published in the sec-

ond volume of the Ergehnisse der Aerodynamischen Versuchsan-

stalt zu Gottingen" 

In connection with the rules for efficiency.testsof fans 

and compressors, the following srnihois were adopted. 

Static pressure: the internal pressure of a gas flow-

ing in a straight line, hence the pressure which 

would be indicated by an instrument moving with the 

gas at the sarrie velocity. 

q	 Dynamic (or impact) pressure the highest increase of 

pressure developed in a gas stream in front of an oh--

stacle. It is equal to the pressure required to ac 

celerate the gas at rest to the given velocity. The 

formula of the impact pressureis 

q	 V kg/m' 

* u Zoitscilrift des Vercinos deutschei' Ingenieure," 1925.
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where p

	

	 denotes the density of the gas expressed 

2 
g 

in 

v = the mean velocity of flow expressed in rn/s.. 

p	 Totni pressure: the algebraic sum o the static and 

the impact pressures. 

According to Bernoulli's law, the su of static and dynamic 

pressures is constant in a steady flow without losses (ptential 

flow). It is

+ q = Pg constant. 

If losses occur during the course of the flow, the total 

pressure behind the obstacle cannot be as high as in front of it. 

Thus, from the difference of the total preseures in a. 

behind and in front of the wing, the energy loss of the flow at 

this wiIlR section can be directly measured, in this lane. By 

moans of the energy loss, we are enabled to determine the wing-

section drag, as will he shown farther along. 

The advantage derived from this method is the easy deterrni-

nation o± the profile drag for any wing section from which the 

distribution of the profile drag over the span can be easily de-

duced. This is an important point, as most of the new wing 

types are neither rectangular nor characterized by a constant 

thickness, but arc usually tapered toward the tips. Another 

advantage results from the fact that this method is not confined 

to model tests, but can be applied to measurements in flight, as
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will 'be shown in the main part of this treatise. This fact is 

of furdaiental importance, as it has now become fully aoparent 

that the data recuired for new designs are better determined in 

flight 'than in the laboratory or on the test bench. 

Pojtj- In order to simplify the calculation of the pro-

file-drag formula, Betz first considcTed a body which developed 

no lift but only dra g . Moreover, two-dimensional flow was as-

sum ecL In front of thc body the static pressure is 'Pt 0 and 

the velocity v 0 . The total pressure in the undisturbed flow is 

then
Pg0	 5t0 + ) V02

	 P3t + q 0 = constant 

Likewise, behind the body 

Pg	 Pst + V12 = constant = Pg0 

where Pt	 is the static pressure and v 	 the velocity behind 
1	

1 

the body. Only in a small vortical portion directly behind the 

body

	

Pci' <	 Pr DQ 

The drag is deterined by means of the momentum formula. 

k control. curface is considered to be behind and in front of the 

body. This surface is assumed- -to he infinite upward and doivn_ 

ward, but equal in its other dimension to the span 1. The flow 

exerts a certain force on the body, which produces variations in 

the pressure and momentum. The pressure on the surface 1 dy 

in front of the wing is 

Pst 0 l dy[mm	 kg].
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The pressure on the plane 1 dy behind the wing is 

Pst1 idy [kg]. 

The pressure variation with rferenCe to the two infinite sur-

faces is then

f	 Pst	 P5t ) dy. 
-cx	 1 

AccordinR to the momentum law, the impulse of the force in any 

rectilinear motion is equal to the increase in momentum.* 

fPdt=mv-mv0 

0-v.
p_d(mviiLfl1v. 

dt	 dt 

In front of the wing, with reference to the portion 1 dy, 

v 0 = (p 1 dy v0 ) vo = P 1 V 02 dy[ kg/si m 2 m = kg ]. 

Behind the wing,	 v1 = ( p 1 dy v 1 ) v1 = p l V1 2 dy [kg] . 

The variation in the mentum is 

+•Q 

p lf (v02 - v12) dy. 

The force exerted on a section of the body, of the length 1, 

is then
W	 1	 [(Pet0 - p st 1 ) + p ( v 02	 v12)] dy. 

If we put	
Pg0 = Pt,0 +

	

P	 2 
and	

Pg1	 Pst1	 2 
+ - v1 

*A Fppl, "Einf{hrung in die Mechanik," p. 49.
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+cx 

then,	 = Jr ( p 	 - p ) y +	 I (v	 - v12 ) dy =	 •+ Jii. 
2-° 

The integral J 1 can be easily determined, as it need not be ex-

tended to infinity, since p	 differs from p. only within


a very limited region. The integration is required only in the 

vortical rerion behind the body. The integrvanishes,.when 

Pg0 = Pg 1 	 - 

The integral J11 cannot ho detcrined without being first 

transfoimed. A potential flow is assumed, which, outside o' the 

vortical region, is identical with the flow producing the drag. 

Let the velocity of the potential flow be v' . Then V 0 t = 

in front of the body, while behind the body, but outside of the 

vortical region, v' 	 v 1 , whereas in the vortical region it 

must be assumed that v > v1 , to make up for the loss of pres-

sure. In order to account for the increase of velocity, we must 

assume a source, whose yield, for the above section of the body, 

is
E = L I (v' — V 1 ) dy. 

The assumption of a source necessitates a netive drag, 

= - p v E 

(v infinite velocity) similar to the Kutta and Joukowsky equ.a-

t ion,
A = P iT F 1 

(A = lift, P	 density, F	 circulaUofl).
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!n the assumed potential flow, there is likewise 

Pg'	 Pst1. +	 V'2	 Pg 

Whence

W	 E	 L f (pc,_Dt) dy +	 if v02 - vt 2 ) dy 

W + P V0 E	 lf ( Pg0 - Pg 1 ) dy +	 .1 f(v'2 - v 1 2 ) dy. 

After substituting the value of tlie yield, 

E = i I (v - v 1 ) dy 

the following expression is obtained: 

w=if(p _pg)dY+ 
1 

+	 1 f(v' - V 12 ) dy - P V c 1 (v' - v 1 ) dy = 

= LI (Pg0 - p ) dy -	 i I 
(v1 - v1 ) ( 2v - (v' + v1 ) ) dy. 

2 

After this transformation, the second integral need notbe 

extended beyond the vortical region since, outside of it, 

(v' - v 1 )	 0 and the integral vanishes. Provided the front 


mfleasuring point is very far frowi the wing, as was the case in 

the Gottingen wind tunnel, we can put, with sufficient accuracy, 

V = V0. 

Hence,
W	 i I (pp. .- p g )dy -	 i f (v	 v1) [2v0 - (v'+v1 )] dy. 

In tests on an airplane in flight, constructional consider-
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ations	 vented placing the front measuring point in the domain 

of undisturbed flow. As shown in IV, this point was taken into 

consideration by intrd.uc1flg a ccrrection factor for the velocity, 

this factor being c1ermined through calibration. 

Since the loss of enc:gy is to be measured on a 

wing, the above asmpti-3n, that the lift = 0, is not correct. 

The wing produces lift and in addition to the horizontal-VelocitY 

conorent v1 , the air b3hind the wing has also a vertical compo-

nent w1 . Hence,

	

+	 (v 1 + w12) 

and	
1	 2 

-	 2 
•	 Pg0 Pst 0 + 	 V0 

W	 L f[(Pg0 - Pst1) + p (v	 - v 1 2 ) dy 

= i I	 - P g ) dy +	 ( V02 - V12 + w) dy. 

Assuming auin a potential flpw with a source and the yield 

E = if(v' - v1 ) dy, 

or, mor accurately,....... 

	

1. 1 (J 2 +w -	 -TrJ) dy, 

such a potential flow, with a dcwnv:acd velocity, produces the 

induced drag Wj . Since w did not change s the lift also re-

mained the same. 

is likewise the same in both cases.
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Under the	 fluence of the source, 

- p v E =	 1 f(v0 2 	 Vl2 + W 1 ) dy 

w -	 = VTPr = 

- p v 1 j (v-v1 )dy + ii (P g0_P g )dY +	 1 1 ( v 2 _v1 2 ) dy 

1 (p	 pg1) dy -	 11 (v' -	 ) (	 - [	 '+ v] ) dy. 

The result is therefore identical with that obtained in 

Point 1. 

Point3- oftesecondintegr1 . - Since 

thedetermination of the second integral is rather complicated, 

an approximation method ib used by estimating the share of the 

second integral in the first integral. 

The fcrther the measuring 5oint gets behind the wing, the 

smaller are the differences between p 	 and p	 and between 
bQ 

Pt	 and Pq . On the assumption that v'	 v, we can write 
0	 1

% 

since

Pg0 - Pg1	 Ps + _V2 _ Pst1- V12 

p	 -	 p	 - 
2	 2 - v-

- 

------	 p / 2	 2 \ 
Pst- Pt1+ 	 - V1 / 

Vc

(v + v1 ) ( v - v1) 

2
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If we write

+ v1 - v + v - (v, - 

then
Pg0 - Pg1 = [v +v - (v - v 1 )J (v - v1 ) - 

2v 2	 O2	 - 
2

2v (v - 

2v2 

(v - 

The order of magnitude of (v - v 1 ) 2 is negligible against 

2v (va, - v1). 

Hence
Pg0 - pg = 2v (v - v 1 ) = Vcx, - V1 

	

2 V 2	 2v2 

Thus the integrand of the second integral becomes 

2	 cx	 1	 1 -	 42v2 
2 

so that, in the ratio

P. - Pg 
.1 

4V2 

it is smaller than the integrand of the first integral. 

Consequently, the influence of the second integral is very 

small when the measuring point lies at a sufficient distance be-

hind the wing. This distance should be so large that the differ-

ence (Pg0 - pg 1) would still be. within the range of accurate 

masurenient.
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II. Reynolds Law 

The reat importance of tests on aircraft in flight is 

chiefly evidenced. by Reynolds Law. If the air flows, past geo-

metrically similar wings, were perfectly similar for both the 

model and. the actual wing, then full-scale measurements could be 

dispensed with. It follows from the theory, that the flow is 

similar, when the ratio of the inertia effects to the viscosity 

effects on the airfoil is the same in the wind tunnel and in a 

free air stream.* }-

Forcc of inertia - r b	 - P vol b 
Force of viscesity	 .v -r

t 

Pl2 II 

ii i 2 /t	 1 t	 - t 
P	 P 

L	 R. 
1) 

From this simple transformation, it follows -that the product 

of velocity times length (wing chord) divided. by	 (kinetic 

viscosity) must always remain constant for comparative measure-

merits. 

The constant R is designated. as 'Reyno1d.s Number.° If 

the tests are carried, out at the same kinetic viscosity, we may 

also write:
V 1 = constant	 E. 

If v is measured. in rn/s arid. 1 in mm, then E denotes 

* p randtl, 'rgehnisse d.er Aeroclynainischefl Versuchsanstalt zu 
Gttingen , Report I, p. 3.
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the index value. At 760 mm and 13 C., i = 0.143. In this 

case E 4 
Reynolds Numbers of 200,000 to 500,000° were obtained in nor-

rnal model tests for a wing chord of 20 cm, while for a wing 

chord of GO cm, tested between walls, the values ranged from 

600,000 to l,500,CO0. 

Reynolds Numbers of approxi-niately 

R-	 6,000,000.. 
0. 14-

were obtained in tests on an airplane in flight. 

Strictly sp eaking, tests on models cannot be converted, as 

we are unable to increase the air velocity for models, in the 

proportion specified by Reynolds law, owing to the development 

of new fcs of flow, when the velocity of sound is exceeded. 

it has been actually determined that the critical Reynolds 

Number of all streamlined bodies iS. so small that it does not 

lie between the measurement on the model and on the full-sized 

airplane (Fuchs-Hoff, Aerodynami1d). 

Since, however, the drag coefficient is a function of the 

Reynolds Number, it is evident that the curve obtained by plot-

ting 'c against R is continuous, but its course is not known. 

The importance of the Betz method is now apparent, in that the 

measurements can be made on full-sized aircraft. 

Another method was adopted by the Americans for the purpose 

of obtaining a larger Reynolds' Number. They have built a wind
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tunnel in which a pressure of 20 atmospheres ±s reached.	 p is 

reduced by increasing p	 and hence	 R = is ±iicreOd. As 

a result of these tests, Reynolds Numbers up to R = 3,500,000 

have already been obtained.
( p. 44) 

In the general summary/of this treatise, the above tests 

are more closely considered and compared with the results of the 

present experiments.

III. Wind-Tunnel Tests 

1. Wing Section. 

The cantilever wing of the Junkers all-metal, postal air-

plane, type A 20, has a thick wing section tapering toward the 

tips. The wing chord also decreases toward the tips. The di-

mensions are given in Figs. 1 and 2. The a.spect ratio is 

= 1 : 7.88	
(	

= 7.88 in English) 

The aerodynamical properties and the comparatively wide 


range of useful applications of this thick section is illustrat-

ed by the polar in Fig. 3, which was obtained from measurements 

in the Gttingen wind tunnel.	 For the wind-tunnel tests a geo-

metrically similar model,	 reduced to 0.085 of the actual wing, 

was made of gypsum according to the Gttingen method.* The cor-

rugated sheet ribs were omitted and the surface of the wing mod-

el was made perfectly smooth. -_________________________________ 

* ? Ercrebnjsse der Aerodynamischen Versuchsanstalt zu Gttingen." 
Report I. The Contruction of the Models. p. 46 ff. 
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2. Arrangement of Test 

No serious technical difficulties were encountered in deter-

mining the energy loss by means of model measurements in the 

large Gttingen wind tunnel, The inverted wing model was at-

tached to the wires of the Gttingen three-component balance.* 

A Pitot tube was mounted at a certain distance in front of 

the model, precautions being taken that the air flow around the 

model should not be disturbed by the tube. A horizontally and. 

vertically adjustable Pitot tube was arranged behind the wing. 

The distance from the trailing edge of the wing was determined 

by preliminary tests. In order to insure accurate measurement 

of the vertical displacement, the distance should be sufficient 

to leave enough space for the vortical region. On the other 

hand, the distance should not be too large, as, although it in-

creases the vortical region in the vertical direction, it may 

reduce the accuracy of the measurements of the now decreasing 

pressure differences. These liiits being taken into conidera-

tion, the resulting distances from the displacement line to the 

trailing edge of the wing are shown in Fig. 9. 

The performance of the model tests was facilitated by the 

fact that R. Self erth, Gttingen, bad already made drag measure-

ments on a Rohrhach wing model of 60 cm chord according to the 

Betz method. The results of these measurements have not yet 
der Aerodynamischefl Versuchsanstalt zu Gttingen." 

Report I. The Three-Component Balance, p. 27 ff.
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been published. The test arrangement was photographed in the 

wind tunnel and is shown in Figs. 4 and 5. 

3. Instruments and Their Calibration 

The total pressure of the steady flow was measured with a 

Pitot tube having a calibration factor of 1. 

At the suggestion of Eetz, the total pressure of the flow 

in the vertical region was measured with a Pitot tube which was 

surrounded by a Venturi tube. This instrument .has a very large 

angular range of accurate indications, owing to the directing 

effect of the Venturi tube. After calibration, the correction 

factor to ±200 was actually 1. Erroi's are thus avoided, such 

as might otherwise result from the deflection of the flow by a 

lift-producing wing, if the Pitot tube had. angular sensitivity. 

The static pressure behind the wing, which must be known 

for the calculation of the velocities. v 1 and v', was deter-

mined by means of a bent tube. All attempts to reduce the angu-

lar sensitivity of such instruments, for the determination of 

the static pressure in the same proportion as for the total 

pressure, have hitherto failed. The deflections were measured 

for the following angles (measured at the impact pressure of 

58.6 kg/m 2 )	 . 

= 20°	 10°	 5° 
00	 _0 _o0 -20° 

Pstat	 5.8	 1.2	 0	 +0.1	 0.3	 2.0	
7.1 

The mean vnlues of the deflections are 2% for 10° and ii%
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for 20. Deflections exceeding 10 to 15° are not likely to occur. 

The errors are in this case cOnfined to the correctioi member 

(secotid integral), which reprsents only a small fra.tioti of the 
'p.16. 

total value. (see 3- Instniments ad Their Calibration)/ Hence 

the error becomes, negligibly small in the final result. 

4. Determi.natiOn of the Polar Curve. 

The po]ar of the wing model and the moment curve were dete-

mined in the usual way. The section is a genuine Junkers te 

and its polar has therefore not been published in the Gttingen 

reports. Still the section and the polar are similar to some of 

the Ggttingen sections (Fig. 3). The value of the wing chord 

(t	 0.1893) is that of the maximum chord. at the wing center. 

5. Velocity Series (Influence of the Index Value) 

The wing-section drag for three different angles of attack 

was calculated from force measurements on the wing model, over 

the region covered 'inder these conditions by the Reynolds Num-

bers, by deducting the induced drag. The obtaiied values of the 

drag are plotted in Fig. 6 and show the expected decrease for 

inöreasing Reynolds Numbers.
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6. Profile-Drag Measurements According to Betz 

From I, last part of Point 1, we have 

if (g 0	 Pg) dy -	 j f (v' - v 1 ) [2v0 - ( v' + v 1 )] dy. 

The trajectory of the vertical displacement dy is plotted 

on a scale attached to the rear Pitot tube and can be read. in mm. 

In the tables the displacement trajectories are denoted by 

h (mm). Thereby the point of intersection of the chord of each 

wing section with the plane of displacement of the Pitot tubes is 

considered as the zero point of the displacement lin. Direct 

readings of the difference between the total pressures 

(Pg - p( t) were taken in mm on the alcohol column of. the 

pressure gauge (manometer). (Pg0 - Pg)	 0.798. (pg' - Pg') 

kg/m 2 , s	 0.798 being the specific gravity of the alcohol. 

Besides, the total pressure in front of the wing (pg0 ') was 

measured and reduced to Pg0 0.798 Pg0' kg/m 2 . From a compar-

ison with the impact pressure measured in the experiment chamber 

of the wind tunnel (the entrance-cone factor being taken into 

consideration) it appeared that the total pressure could be set 

equal to the impact pressure . q0. 

Furthermore, the static pressure Pst ' behind the wing 

was measured and reduced to Pt1 = 0.802 Pt1' (kg/) the 

specific weight of the alcohol in this pressure gauge being 

s = 0.802. The velocity of the assumed potential flow in the
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vortical region isthen 

= J..( pg0	 pst)., as	 (Pg0 - Pst1) 

Fur the rmc r e, 	 ____________________________ 
v1Jg_pst,)_(pg_pg], 

since	 / 
q = p , -	 - p ) - 1	 g 

Likewise, we find 

= /.- q, since Pg 0 = q0. 

Thus the loss of pressure

p 
P	 ( Po'	 Pg1) -	 (vI - v 1 ) 2 v 0 - ( v' + v1)] 

= 0 

for each point behind the wing can be expressed in kg/2 

If the loss of pressure is divided by the corresponding 

impact pressure (q 0 ) of the undisturbed flow and if	 is 

plotted s..gainst the different pbsitions of h (mm), then 

Cwpr F	 i. f	 dy. 

The value of

I	 dy = J 

is easily determined by planimetry. 

The profile drag, which in the figures is usually designated 

bY c, is then
lJdy 

-	 q0	 _Jrm 
-	 CWPr.	 i.t
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a) Measurements on Three Wing Sections for Four Different 

Angles of A ttack, the Velocity Remaining the Same 

These measurements were first made on three wing sections, 

I, II, and III, their position being shown in Fig. 9. Unfortu-' 

nately, these sections could not be regularly distributed over 

half of the span, as the suspension device had to be taken into 

consideration. 

The velocity was kept constant and the wing-section-drag 

coefficient determined for each section, i.e., for a = +8.50, 

+4.5°, +0.8, and -3.1° (angle of attack). The values ob-

tained f'om the tests and calculated aàcording to the Betz for-

mula, for position I and a.	 8.5°, are given in Table I. 

In the same way, tables have been worked out for the values 

obtained from tests at the other angles of attack and for other 

sections. The calculated values of - 	 were plotted.. The 
q0 

curves, from which cp was obtained by planimetry, are shown 

in FIg. 7 for position I. 

In Fig. 8 the section-drag coefficient was then.plot-ted in 

the usual way (without the induced drag) against the lift coef-

ficient for sections I, II, and III, and for the four angles 

of attack. 

The distribution of the section drag over the span is shown 

in Fig. 9. It corresponds roughly to the ratio of wing thick-
the 

ness to choi'd, which decreases toward/wing tips.
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b) Measurements on a Wing Section for One Angle of Attack 

and Four Different Velocities 

These measurements were made with section I at an angle of 

attack a. = 0.8° and velocities of 10, 20, 30, and 40 rn/s (Fig. 

io). 

TABLE I. Position 1. a.=+99, cp =O.5:	 +8.	 s(alcohol)=0.803, 

q=58.6 mm H20__:} [kg4s21 

1 2 3	 4 5 6 8 

s=0.798 s = .0.802 
q0!? h Pg0Pgt	 Pst111

Pg0Pg1 Pg0 o Pst1 
mm 

Alcohol mm

mm 

Alcohol	 colunmn kg/m2 kg/m2 kg/rn2 

(a)	 70.2 15 0 3.75 73.2 0 58?5 3.01 

(b)	 70.2 10 0 3.55 73.2 0 58.5 2.84 

(c)	 70.2 5 1.35 3.0 73.2 1.08 58.5 2.40 

(a)	 70.2 2.5 5.6 2.7 73.2 4.47 58.5 2.16 

(e)	 70.2 0 13.7 2.6 73.2 10.92 58.5 2.08 

(r)	 70.2 - 2.5 20.7 2.4 73.2 16.55 58.5 1.92 

(g)	 70.2 -	 5.0 23.1 2.35 7.3.2 18.45 58.5 1.88 

(h)	 70.2 - 6.0 22.3	 . 2.4 73 17.72 58.5 1.92 

(i)	 70.2 - 7.5 19.0 2.4 73.2 15.18 58.5 1.92 

(j)	 70.2 -10.0 11.5 2.45 73.2 9.18 58.5 1.96 

(Ic)	 70.2 -15.0 0.75 2.6 73.2 0.60 58.5 2.08 

(1)	 70.2 -20.0 0 2.55 73.2 0 58.5 2.04 

(m)	 70.2 -25.0 0 2.3 73.2 0 58.5 1.84
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Table i(Cot) 

Position 1. a=4-9, cpO.5:	 ±8.5P s(alcohol)=0.803, 

q58.6 mm H2 0	 .1232 [141 

9 

g0st1 

kg/th2

10 

q=(p	 -n; 

(pp) 

kg/rn2

II 
V1 

=

rn/s

12 
Vt 

=/ 

rn/s

13 
V 0 

=/ 

m/

14 

vt-v1 

rn/s

15 

v1+v1 

rn/s 

(a)	 55.49 55.49 30.01 30.01 30.8 0 60.02 

(b)	 55.66 55.66 30.04 30.04 30.8. 0 60.08 

(c)	 56.10 55?02 29.90 30.18 30.8 0.28 60.08 

(d)	 56.34 51.87 29.00 30.23 30.8 1.23 59.23 

(e)	 56.42 45.50 27.18 30.28 30.8 3.10 57.46 

(f).	 56.58 40.03 25.50 30.30 30.8 4.8 55.80 

(g)	 56.62 38.17 24.90 30.30 30.8 5.4. 55.20 

(h) .	 56.58 38.86 25.11 30.30 30.8 5.19 55.41 

(1)	 56.58. 41.40 27.91 30.30 30.8 4.29 56.21 

()	 56.54 47.36 27.72 30.29 30.8 2.57 58.01 

(k)	 56.42 55.82 30.10 30.28 30.8 0.18 60.38 

(i)	 56.46 56.46 30.25 30.25 30.8 0 60.50 

(m)	 56.66 56.66 30.30 30.30 30.8 0 60.60
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Table I (Cant 

Position 1.	 a=-i-9 0 ,	 cp=o. 5 : a=+s.s° s(alcohol)0.803, 

q58.6 mm H 2 0	 }PO.1232 [ic 4 s21 	 ________ 

(v'-v) (P0Pg1)-
2v0 -(v +v1)	

[2V0(Vt+Vi)] -	 (...)	 (•) 
il/s	 /m2 --	 kg/rn2 __________ 

(a)	 1.58. .	 0 0 0 

(b)	 i.E? 0 0 0 

(c)	 1.52 0.026 1.05 0.018 

(d)	 2.37 I	 0.18 4.29 0.073 

(a)	 4.14- 0.79 l0l3 0.173 

()	 5.80. 1.72 .	 14.83 0.254 

(g)	 .6.40 I	 2.13 16.32 0.279 

(h)	 6.19 1.98 15.74 0.269 

(1)	 5.39	 . 1.428 13.75	 - 0.235 

(1)	 3.59 0.854	 . 8.33 0.142 

(k)	 1.22 0.015 0.58 0.0099 

(i)	 i.io 0 0 

(rn)	 1.00. 0	 .	 . 0 0
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The dash line in Fig. 6 represents the profile-drag values 

obtained from Fig. 10 by planimetry and plotted against the Rey-

nolds Number. The curve is identical with the drag curve deter-

mined by means of the wind-tunnel- balance. In this case, how-

ever, the dependence of O	 on. R ie only given over a very 


small range (up to R = 450,000). The further development of 

this curve O	 = f(R) must be determined by full-scale measure-

ments on an airplane in flight. 

6. Summary 

In order to enable a comparison of the two methods 

a) C	 = C total	 C. and 

J 
b) 0WPrt' 

it was attempted to calculate a mean value for the whole wing 

from the values determined by the Betz method for different wing 

sections. However, attention must be called to the fact that 

this mean value cannot be accurate, since it is obtained from 

only three wing sections, irregularly distributed along the span. 

It was found that 

Wp =	 q F 

= q (O	 F1 + C11 F11 +	 F1 

= q °Wpr' 

= 100 WP 

F 1	 0.1030 m2 ; F11 = 0.0432 m; F 11 1 = 0.0635 m2; 

E F = 0.2097 m2
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TABLE II 

•
a°

I 

0
I. 
CF C CF1.1 C 1

•• 
C 111F 111 (C	 F)

C	 = 

(__F) 

-3.1 1.290 0.134 1.233 0.0531 1.101 0.0661 0.2532 1.221 

0.8 1.250 0.130
1.09810.4742

0.954 0.0572 0.2344 1.132 

4.5 l.402 i 0.146. 1.44010.0620 1.145 0.0687 0.2767 1,340 

8.5 i.7550.183 1.8550.O796 1.351 0.0811 0,3432 1.660

The mean wing-section--drag coefficients obtained from the 

last column of the above table, were plotted in Fig. 11 against 

the lift coefficient (curve a). The values of the differences 

for the wing-section drag of the whole wing computed from the pa-

lar curve (Fig. 3) were also plotted in this diagram for compari-

son.

The directiori of both curves arc similar. it appears, how-

ever, that the values measured by the momentum method are smaller 

than those determined by force measurements, for lift values ex-

ceèding 0.75. Since the total drag values determined by force 

neasurenients are likely to be correct, owing to the great experi-

once gained with 'this method, we must assume, either that the 

values obtained with momentum measurements are too small or that 

the actual induced drag is higher than the theoretically calcu-

lated. induced drag. The writer believes the second assumption to 

be the more reasonable one. 
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It is shown that thó Betz method can be successfully applied 

to model tets and that it is comparatively easy to use. In 

addition to this fact, it has the advantage of being more accurate. 

IV. Tests on an Airplane in Flight 

l Airplane and Engine 

Built by: Junkers-FlugzeUgwerke A.-G., at Dessau. 

Typo: All-metal po:al airplane; type A 20-land; D 708 
(Fig.. 12). 

Position and nub	 of' wings En'oraced, cantilever, tapered 
(thickness and. chord), low-wing monoplane. 

Occupants 1 pilot, 1 passenger. 

Propeller: 1 tractor propeller (axis above wing); direct 
drive; diameter, 2.9 m (9.5 ft.); pitch, 2.5 m (8.2 ft.). 

Main dimensions: Span, 15.27 m (50.1 ft.), total length, 
•	 8.3 m (27.2, ft.), height, 2.95 m (9.7 ft.). 

Wing area and weights: 

Wing area	 30.5 m 2	 (328.3 sq.ft.) 

Weiiit empty	 960	 kg	 • (2116.4 lb.) 

scful load	 540	 11	 (1190.5 " ) 

Engine: B.M.W. IV	 240	 1W 

Wing loading	 49	 kg/m e	 (io lb./sq.ft.) 

Power	 6.5 kg/lW	 (14.1 lb./}W.) 

Total weight	 1500	 kg	 (3306.9 lb.).



N.A.C.A. Technical Memorandum NbA 428 	 27 

2. Testing Mechanism 

Although the installation of the testing mechanism in the 

wind tuiinel was very easy, considerable difficulty was experi-

enced in mounting it on the airplane. The constructional solution 

for seourtñg it on the wing was rendered more difficult by the 

fact that the wing could not be damaged, nor the flow around the 

wing renrnin changed, no:r the flying properties of the airplane be 

impaired. The protection of the testing mechanism against vibra-

tions was found to constitute another difficulty. 

The testing mechanism was designed by the writer who re-

ceived valuable assistance and advice from the Junkers laboratory 

and the D.V.L. ( u Deutsche Versuchsanstalt fr Luftfahrt"). The 

mechanism was prepared in a very short time in the D.V.L. work-

shops.

a) The Installation in Front of the Wing 

The pressure gauges in front of the wing rist be plated in 

a steady flow.* Considerable experience had been gained by the 

D.V.L. on this subject during the previous year's Lillienthal 

contest. Consequently, the instrients were installed by the 

physical section of the DV.L. A Prandtl, a Brabbe, and a 

D.V.L. pressure tube were secured in front of the wing. The 

junction point of the three instruments was covered by a fairing. 

From this point pipes were run to an instrument board in the fuse-

lage. Structural details are shown in Figs. 13 and 14. As re-

gards Fig. 14. it should be noted that, after the photograph 
*Ahlborn, "Orte fiar die Messgerate an Flugzeugen. 0 Positions for 

insti'uments on Airplanes. "Z.F.M." 1925, No. 1.
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had been taken, the junctiOn point was braced against both the 

leading and. the trailing edge of the wing. 

In order not to affect the flow aound. the wing, the pres-

sure gauges were mounted. on the left wing, whereas the main test-

ing apparatus was inotalicd- behind the right wing. In order to 

obtain accurate meauremeiitS, the instruments were placed out-

side the propeller slip stream. q was measured with the front 

Pitot tube and the readings were corrected by a factor calcu-

lated from speed flights. As in the case of windtunnel tests, 

the assumption that p = q0 = q	 is adriissihle, owing to the 

fact that the impact pressure of the undisturbed flow is record-

ed by ' the front Pitot tube (a calibra'tion factor being usçd) 

and that the d.ynmio pressure of the undisturbed flow .s meas-

ureci by a sounding device. The correction factor varies, hbw-

ever, with the circulat ion. In this case, however, th,e effect 

seems to ho negligible, since the tests are' made within a small 

speed range (i : 1.33). 

The DVL. tube operated a triple recording instrument. 

However, the diagrams plotted by this instrument were notre-

quireci for these tests 

b) Installation Behind Right Wing 

A T-section steel rail was fastened to a steel tube, which 

ran parallel to the trailing edge of the right wing about a me-

ter behind. it. A slide, running on the tail, carried' two in-
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struments, a Prarti and a Brabbe'e pressure tube. The slide 

could he moved up and down from the pilots cockpit by means of 

a cable. A poirter attached to the slide moved up and down a 

fixed scale, graduated in centimeters, which could be accurately 

read from the observer's cockpit. The T-rail, together wit1 

the two instrume:ith, could be ti pped over and. then be returned 

to the vertical position by the observer after the take-off. Be-

fore landitig, the rail bad to be tipped over again, in order to 

prevent it from striking the ground. A large thermometer, which 

could also he read from the cockpit, was fixed to the brace rod.. 

Other details and the bracing of the echanism are shbwn in Figs. 

15-17. Tñ mechanism is secured to the trailing edge by means 

of a large piece of aluminum. 

In spit . e of the difficulties of this installation, the or-

iginal plan to use several superposed fixed tubes instead of a 

movable pressure gauge was abandoned, as no data were then avail-

able on the mutual interference of the propeller tubes. 

c) Instmment Board 

A board with alcohol rnanometers had already been used by 

Everlitig during the war for fin-preesure measurements or a fly-

ing airplane. Although I personally disliked the idea of using 

liquid manometers on a flying airplane, I had finally to adopt 

this method, after preliminary tests with recording instruments. 

The disadvantage of these instruments lies in their great sensi-
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tivity to temperature changes. As only very small pressure dif-

ferences were measured in this case, the recording instruments 

were not sensitive enough and the inertia effects of the pointers 

exerted considerable influence on the readings. I attempted in 

vain to use the Wieseisberger pressure uge which was kindly 

put at my disnosition by Betz and which liid given good. results 

during lift measurements made by Pru1 on an airplane in flight. 

The range of the obinters was too small, however, and theacCura-

cy of the measurements would have been considerably impaired. 

I obtained very good results with liquid U-tubes. They 

could be successfully used in tests on unaccelerated airpla.nes 

and the tests in question could be flown only in calm veather. 

Tubes of different diameters must first be tested in flight. No 

damping of the vibrating liquid column was required. Five U-




used 
tubes of 6 mm diemeter were/for these tests. The liquid used 

was red-colored, alcohol. A diagram of the tube connections is 

shown in Fig. 18. 

Manometer 1 was designed to be used in case oneof the glass 

tubes should be broken by take-off or landing shocks. It could 

also be connected during flight with any of the branch pipes. 

Manometer 2 showed the im pact pressure in front of the wing 

q0	 q. 

Manometer 3 gave the very important value of the total pres-

sure difference (pa. - p' 
Manometer 4 was used as a check for the installation in front 

of the wing. A relation was established between the static pres-

sure in front of the wing and the static pressure of the undis-
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turbed flow measured by the sounding instrument. Had the instal-

lation in front of the wing, been faultless, i.e., had this front 

point of measurement been placed in the undisturbed flow, no de-

flection of the manometer should ba.ve been obtained. As a matter 

of fact, pressure differences were observed in this case, but 

their numerical value was neglected in the calculations, since 

the correction factor bad already been introduced in their stead. 

Manometer 5 The static pressure of the undisturbed flow, 

recorded by the tatic sounding instrument, is compared to the 

static pressure behind the wing Pst1• 

The instrument board also carried a weight suspended by a 

spring. Its position of rest was indicated by a pointer. When 

vertical accelerations were recorded by deflections of the 

pointer in the photographic picture, the readings of the alcohol 

columns could not be used. The determination of the magnitude 

of the acceleration was not required. On the board there was 

also a liquid fore-and--aft and lateral inclinometer. The time 

of the measu.rement was recorded by a stop watch on the instru-

ment board. The momentary position of the pointer of the pres-

sure tubes on the graduation was marked with chalk on a black 

space of 'the board. 

A camera was installed behind the o'oserver's cockpit and 

could be operated from the inside of the cockpit. For the meas-

urement, the pressure tubes were brought to a certain altitude. 

This position, together with the number and date of the test



N.A.C.A. Tebhnical MemrandUiri No. 428
	

32 

were marke.don the black space, whereupon about 20 pictures of 

hIs position were taken by turning the camera, crank. Each time 

a p icture was to be taken, the pilot was notified by means of a 

mirror. The observer had to lie down in the cockpit while a pie-

ture was being taken.ancl the pilot had to keep the impact pres-

sure as nearly as possible to a value previously agreed on. The 

instrument board installed on the airplane is shown in Fig. 19, 

and a portion of the film in Fig. 20. 

The graduations are not clearly apparent on the photograph, 

but the film itself was sharper and. an  'ccurate calibration of 

the micoscope giving readings in millimeters was possible. 

In some cases the readings may have been subject to error, when 

the liquid moistened the glass while flowing back, thus veiling 

the level of the alcohol column. At all events, the resulting 

errors may be assumed to be equal on both sides. Moreover, er-

rors in reading are largely compensated by. the fact that the 

final result is obtained by graphic interpolation over a series 

of separate pressure measurements. The readings of the values, 

i.e., of the liquid levels, are made from the original film by 

means of a microscope with an ocular scale calibrated to re.d 

the millimeter scales placed behind each manometer.
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3. Instruments and Calibration 

A. Instruments 

a) Pressure tubes. 

Owing to the fact that the direction of motion of the air 

on an airplane in flight never constantly coincides accurately 

with the axis of the tube, the ñ-iain condition for a static tube 

is to be unsensitive to changes of direction. This is patticu-

larly the case with the Bràbb'e tube. As shown in Figs. 21 and 

22 , * the total pressure is almost perfectly i'ecorded for inch-

nations of20 to _200. 

It also appears from these two diagrams that the Brabbe'e 

tube is unsuited for impact-pressure and static-pressure meas-

urements. In this case the Prandtl tube is better. For these 

reasons both a 3rabbe and a Prandtl tube were installed in 

front of and also behind the wing. 

The D.VL tubes could not be used because their transfor-

mation ratio was too large for the measurements in question 

(q'	 12 q). 

b) Static sounding device. 

The datum zero-point for the static pressure behind the wing 

was determined by means of a sounding device, such ae had already 

been used for airship measurements. After the take-off, the de-

vice was let down at the end of a 10-meter rubber s tube The de-

vice is streamlined and automatically assumes the wind direction. 

*Air Flow Measurements by Means of Kum'oruch Tubes. V.D.I., 
"Fors chungs heft," 1921.
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Details .on this sounding device were published in "Zeitschrift 

fiir Flugtecbnik und Motorluftschiffahrt.hI* The position of the 

stn tic sounding device in flight is shown in Fig. 23. 

c) Goerz barograph No. 19582. 

This barograph was drried on all the test flights. The 

barorarns are used for the calculation of air densitIes accord-

.ing t. o the well-known method 

d) Thermometer. 

An ordinary liquid thermometer of large size was used for 

the tests and attached in a vertical position to the upper sur-

face of the wing. Readings were taken from the observer's cock-

pit and written c.own during the flight. The observed values 

were supplemented by notes from the Staaken weather reports. 

B. Calibration 

a) Pressure tubes. 

The instruments were calibrated in the Gttingen wind tun-

nel at different wind velocities. 

1. For the Brabbe'e tubes I and II, the following mean cor-

rection factor was obtainedJ 

____ = 0.99. 
q 

2. For the Prandtl tubes I and II, the following calibra-

tion factor was obtained' in the same way 

q	
=0.99. 

qeff 

*Koppe Measurements on A ircraft. "Z.F'M.,." yearbook, 1924.
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b) Imoict-oressure liquid manometer calibrated through velocity 
measurements. 

According to t1e well-known method, three triangular 

flights were made with the D 708 airplane. 

1. Speed flight No. 13, on November 9, 1925. 

The following values were obtained from the calculation of 

the flight results:

v = 39.5 m/s 

b 0 =736.7rnmHg, t0=7°C. 

From the barograrn,	 b = 715 mm Hg 

From the temperature curve, 	 = 5.5 C.. 

According to the Land.olt-Brnsteintables, the density of 

the air is

=	 = 0.1216 kg/s2 

and the impact pressure is 

q =	 v2	 0.1216 39•52	 95 kg/rn2 
2 

Reading of the pressure tube: 

h = 120 mm alcohol. 

For s (alcohol) = 0.81 

we obtain	 q11 = 97 kg/m2. 

Taking the calibration constant of the Prandtl tube B I 

(4 .	 0.99) into consideration, we obtain
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qt 
= 0.99 = 98 

kg/rn2 

whence the installation factor is 

cp 1 = .j- =
	 = 0.97. 

2. Speed flight No.. 18, on November'11,, 1925 

v = 45.0 rn/s 

b 0 =765.Bmrn; t0=+lO°C.. 

b	 = 715.0 ";•	 t	 - 05° C. 

p .	 1i21 o•43 
g	 98l rn 

q, v	 = 0l24. ). 452 = ie

Pbsu'e tübe 

ii = 160 mm alcohol (s	 0.81) 

q" = 130 kg/rn2 

Tube B I: 

= 0.99 

0.99	
131 kg/rn2 

Inìstallation factor: 

(p 1	 =	 = 0.96. 
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3. Speed flight No. 20, on November 12, 1925: 

v = 42.0 m/s 

b0 = 769.7 mm;	 = 5°C. 

b = 710.0 ";	 t 

=	 1.216	 O.l240 

	

g 9.81	 m4 

q =	 v2 = 0.1240 >< 422 = 110 kg/rn2. 

Tube B I: 

= 0.99 

h = 140 mm alcohol (s 	 0.81) 

q t' = 113 kg/m2 

at = 099 = 114 kg/m2 

Installation factor: 

=_=JJ..Qo.g7. 
1	 q'	 114 

The average value adopted for the installation factor is 

0.97. Hence the factor k 1 , by which all the impact pressures 

measured. in front of the wing (alcohol column) must 'cc multi-

plied, is

i S	 0.97 X 0.81 = 0.795 (Table III, column 7) 
V 1 =	 0.99 

in which
Installation factor, 

= Calibration constant of the Prandtl tube, 

s	 Specific gravity of the alcohol.
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The difference of the totsi pressures (p	 Pg ) is simply 
1 

and Oorectly recoded, the calibration constants of the two 

Brabbe'e tubes being eliminated when forming the differcnce 	 In 

oidér to obtain the pressures in millimeters of water column, the 

above values must be multiplied by the specific gravity of thc 

alcohol (s	 0.81). 

Owing, to the slight influence of the static pressure 

behind the wing on the total result, no correction factor was 

deteriñined for this value, for which a relation to the static 

sounding device was established. Besides, very slight changes 

only would be iroduced by this correction factor. 

4 Wing-Section-Drag Measurements at Different Impact Pressures 

For each series of tests, it was attempted to maintain the 

impact pressure as constant as possible. This condition re-

quired skillful piloting, as the A 20 is extremely sensitive in 

flight and responds to the slightest action of the controls. 

No measurements could be taken in cuing flight nor in squally 

weather. The values measured were exactly the same as obtained 

in wind-tunnel tests. Only the change of the air density fo 

the different points of measurement had to be taken into consid-

erat ion. 

After about 25 preliminary test flights, six main test 

flights were carried out. The esults were summarized in Six	 - 

tables, one of which is Table III.
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The curves in Fig. 24 were then plotted from values calcu-

lated in the same way a in the model tests. 

If the difficulties of flight tests, which are certainly 

much greater than those of' wind-tunnel tests, are taken into con-

sideration, the results are quite satisfactory. 

It should be mentioned, however, that the static-pressure 

measurements in flight were rather inaccurate, owing to oscilla-

tions of the sounding device. However,, these inaccuracies could 

not substantially affect the result, since it has been mathemat-

ically established that the influence of' the second integral is 

very small 

The fact . that the longitudinal inclination of the instru-

nent' board was disregarded, entailed. sone inaccuracy. It can, 

however, be assumed that the position of the board was approxi-

mately vertical during t1e flights,. so that the Cosine of the 

angle of inclination was near L Besides, the effect of this 

omission is bliminated, when .Ap is divided by the. dynamic pres-

sure q0. 

All the tests were made pn a ring section which, owing to 

its distance from the fuselage axis, nearly corresponded to 

section I of the model. The distance of the section from the 

center of the fuselage was 2.680 m (8.8 ft.) • At this point 

the wing chord was •t	 2120 m(7 ft.). This section was chosen 

because it was least subject to the influence of the propeller 

slip stream and of the rudder. The influence of the propeller
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slip stream on the magnitude of the wing-section drag is there-

fore rather small, since the point of measurement lies at l.lrn 

(3.6 ft.) from the propeller disk. 

As in the case of model measurements, the point of intersec-

tion of the extended wing chord with the plane of displacment 

which lies at a distance of 925 mm (3 ft.) behind the trailing 

edge was chosen a the datum zero point for the displacmmcnt 

paths of the pressure tubes. As a result of model tests; this 

distance appeared to be suitable. The total weight of the air-

craft was determtned by weighing. The fuel tanks were filled 

before each flight. In every case the total weight, including 

the crew, v.as	
G = 1445 kg (3186 lb.) 

The corresponding lift values were calculated according to 

the formula

G 100 -
r	 q0
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TABLE III. 

1 

Time 

mm.

2 

h 

cm

3 

P=L 
g 

kg/s 2 
r4

.i	 5	 6 

q 0 1 	 p	 " - pr	 p 
o	 i 

mm 
alcohol column

7 

q0=p0.
° 

=0.795 
q0' 

kg/m2

8 

- 
'o 

=0.81(..) 

kg/m2 

3.5 + 5 0.1245 160 0 12. 127 0 
+ 5 0.1245 160 0 12 127. 0 

4.0 0 0.1230 160 0 30 127 0 
0 0.1230 160 0	 . 30 127 0 

4.5 - 2.5 0.1220 166 8 28 '132 6.48 
- 2.5 0.1220 156 6 28 124 4.86 

5.0 - 5 0.1212 170 24 24 135 19.4 
-.5 0.1212 172 22 26 137 17.8 

5.5 - 7.5 0.1205 160 42 22 127 34.0 
- 7.5 0.1205 158 42 26 126 34.0 

6.0 -10 0.1197 172 50 24 137 40.5 
-10 0.1197 170 52 24 ' 135 42.1 

6.5 -12.5 0.1190 160 36 28 127 29.2 
-12.5 0.1190 160 34 34 127 27.5 

7.0 -15 0.1182 180 24 40 14.3 19.4 
-15 0.1182 160 18 28 127 14.6 

7.5 -20	 ' 0.1175 166 0 30 132 0 
-20 0.1175 164 0 26 130 '	 0 

8.0 -15 0.1170 174 20 32 138 16.2 
-15 0.1170 176 16 22 140 12.9 

8.5 -10 0.1165 156 48 24 124 38.9 
-10 0.1165 170 48 36 135 38.9 

9.0 - 5 0.1160 160 20 22 127 16.2 
-5 0.1160 162 18 28 129 14.6 

9.5 0 0.1157 166 0 28 132 0 
0 0.1157 170 0 30 135 0 

10.0 + 5 0.1155 160 0 30 '127' 0 
+ 5 0.1155 164 0 28 130 0
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TABLE III (Cont.) 

1 

Time 

rn in.

9 

=O.8 

k/rn2

10 

:° 

k/rn2

-	 11 

:t1) 
kg/m2

12. 
V t 

A/2.EcT- 

rn/s

13. 

A/2 

rn/ s

14. 
V

nil s 

3.5 9.7 117.2 117.3 43.5 43.5 45.2 
9.7 117.2 117.3 43.5 43.5 45.2 

4.0 24.2 102.6 102.8 41.0 41.0 45.5 
24.2 102.6 102.8 41.0 41.0 45.5 

4.5 22.6 109.5 103.0 42.4 41.1 46.5 
22.6 101.5 96.7 40.8 39.8 45.1 

5.0 19.4 115.4 96.2 43.7 39.8 47.3 
21.0 115.8 98.2 43.8 40.2 47.5 

5.5 17.8 109.1 75.2 42.6 35.3 45.9 
21.0 . 104.8 71.0 41.8 34.5 45.7 

6.0 19.4 117.4 77.1 44.4 35.8 47.9 
19.4 115.4 73.5 44.0 35.0 47.5 

6.5 22.6 104.3 75.2 42.0 35.5 46.2 
27.5 99.3 72.0 41.0 34.7 46.2 

7.0 32.4	 . 110.5 91.2 43.4 39.3 49.2 
22.6 104.3 89.8 42.1 38.9 46.4 

7.5 24.2 107.6 107.8 42.9 42.9 47.5 
21.0 108.8 109.0 43.1 43.1 47.1 

8.0 25.9 112.0 95.9 43.9 40.5 496 
17.8 122.1 109.3 45.8 43.2 48.9 

8.5 19.4 104.4 65.7 42.5 33.5 46.2 
297 105.7 67.0 42.8 33.9 48.2 

9.0 17.8 109.1 93.0. 43.5 40.0 46.8 
22.6 106.3 91.8 43.0 39.8 47.2 

9.5 22.6 109.3 109.4 43.6 43.6 47.8 
24.2 110.6 110.8 43.9 43.9 48.4 

10.0 24.2 102.6 102.8 42.2 42.2 47.0 
22.6 107.3 107.4 43.2 43.2 47.5
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TABLE III (Cont.) 

1 

Tirne 

mm.

15 

v'-v1 

rn/s

16 

v'+v1 

rn/s

17 

2 v 0- 

(v'+v1) 

rn/s

18 

2 (vt_v1) 

[2v -(v'+v1 )] 

kg/m2

19 

kg/m2

20 

q 

__________ 

3.5 0 87.0 3.4 0 0. 0 
0 87.0 3.4 0 0 0 

4.0 0 82.0 9.0 0 0 0. 
0 82.0 9.0 0 0 0 

4.5 1.3 83.5	 I 9.5 0.75 5.73 0.043 
1.0 80.6 9.6 0.58 4.28 0.035 

5.0 3.9 83.5 11.1 2.64 16.76 0.124 
3.6 84.0 11.0 2.41 15.39 0.112 

5.5 7.3 77.9 13.9 6.11 27.89 0.220 
• 7.3 76.3 15.1 6.64 27.36 0.217 
6.0 8.6 80.2 15,6 8.03 32.47 0.237 

9.0 79.0 16.0 8.60 33.50 0.24-8 
6.5 7.5 77.5 14.9 6.65 22.55 0.178 

6.3 75.7 16.7 6.26 21.24 0.168 
• 7.0 3.1 82.7 15.7 2.88 16.52 0.116 

3.2 81.0 11.8 2.23 12.37 0.097 
7.5 0 85.8 9.2 0 0 0 

0 86.2 8.0 0 0 0 
8.0 3.4 84.4 12.8 2.54 13.66 0.099 

• •	 2.6 89.0 8.8 1.34 11.56 0.083 
8.5 9.0 76.0 16.4 8.51 30.39 0.245 

• 8.9 76.7 19.7 10.1 28.8 0.213 
9.0 3.5 83.5 10.1 2.05 14.15 0.111 

3.2 82..8 11.6 2.15 12.45 0.097 
9.5 0 87.2 8.4 •	 0 0 •	 .0 

• 0 87.8 9.0 0 0 0 
10.0 0 84.4 9.6 0 0 0 

0 85.4 8.0 0 0 0
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It will be remembered that none of the values was deter-

mined by readings or by means of recording instruments. They 

were all photographed (filmed) and accurately computed from the 

film with a microscope.

Summary 

The *ing-section-drag coef±'Icients resulting from flight 

tests for different impact	 ues; and the lift coefficients 

calculated for a mall climbing and gliding angle, a constant 

weight of the airplane being assumed, are plotted in Fig. 25. 

The curve shows the final result of the flight tests. The 

curve confirms the results previously obtained in model tests. 

The dash line represents the result of model tests (Fig. 8) and 

is added for comparison. The two curves are of similar shape. 

However, the wing-section--drag Qoefficients are smaller than 

the values measured on the model. This seems to indicate a fur-

ther decrease of the wing-section drag for larger Reynolds Num-

bers.

It has already been pointed out that wind-tunnel model 

tests were carried out in America at a pressure of 20 atmospheres, 

whereby the Reynolds Numbers reached values of R = 3,500,000. 

Although the results were not obtained on a Junkers wing section 

(the Gttingen 387 is also a thick section), they show that 

there is a further decrease of the drag for Reynolds Numbers 

larger than those reached during the measurements in Gttingen 

(R = 1,000,000) - see N.A.C.A. Technical Note No. 219. Fig. 26
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was computed from the American resuls. The drag curve for in-

creasing Reynolds Number is similar to the curie obtained in 

Gttingen (Fig. 6). 

The tests had to be temp o rarily discoiitinued, partly for 

lack of time and partly owing to deniages sustained by the sir-

plane from the high stresses exerted by the testing installation. 

The number of tests already completed is, however, too small for 

formulating definite conclusions. I was unable to proceed with 

the tests which I had planned before beginning this work. By 

using the testing installation which has been described'above, I 

then intended to direct my investigations toward the determina-

tion of the influence of surface roughness on profile drag and 

to barry out profile-drag measurements behind the ailerons. 

The main object of this work was to develop and test exper 

imental apparatus for demonstrating the practical applicability 

of the new Betz testing method. With the experience thus gained, 

it will surely be possible to facilitate the performance of the 

tests and to lessen the inaccuracies always involved in pioneer 

work, so that ultimately complete experimental researches can be 

carried out on airplanes in flight. I think that I have at least 

demonstrated that work in this very recent field of research lies 

entirely within the realm of possibility, and also that the path 

to be followed lies in this field.
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Fig.1 Wing section at root and at tip. 
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Fig.3	 Polar of A20 wing. 
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Figs.9 & 10 

a	
a, b d = 8.50 
b c=4.5° 
c, d = 3.1° 
d, d. = 0.8° 

0.020 

0.015 

ow
0.010 

l8 l36	 11-45 
-..± .....--	 --

Displacement line of I II	 III 
rear Pitot tube	 Position 

Fig.9	 Distribution of the profile drag along the span. 
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Fig.11 Comparison of.results obtained by momentum 
measurements (a)and.. by full measurements (b) 

on a A20 wing model.
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Fig.13	 Arrangement of the measuring instruments (tubes). 
in front of the left wing of a Junkers A20.
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Figs .15,18,1, 20,23 

Static sounder 

Fig.18 iagram of manometers 
and piping.
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Fig.21	 Prandtl pressure tube. 
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Figs.25 & 26 
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Fig.26	 Test of the Göttingen section 387 in the 
variable—density wind tunnel at 19.8 atmos. 
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