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In the preceding numb ers of thi s Bulletin several 

Papers were devoted to tne study of the influence exercis-

ed on the results of measurement s by the dimensions and 

type of the tunnels used in a e rodynamical laboratories, 

and on the comparison of these results with observations 

made in motionless and unlimited air. 

With this object in view I first experimented with 

thin plates. The thrust exert e d on these by a relative 

stre&a is fairly strictly proportional to ~he square of 

the speed and may therefore be approxioately considered 

as not ex~licitly depending on viscosity. Oonsequently, 

if we call P the thrust of the strear[, on the plates , v 

the relative speed, S the surface of the plate and 

the surface of the section of the artificial stream, ~e 

* No. V, p . 73 . 
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Or, if we hold the kinetic viscosity of -che c;..ir at 150 to 

be equal to 

~ = 0.0000158 
P 

for~ula (1) appears to be applicable if 

v ~8 > 0 . 0000000605 

The i'fiinimum value of the ratio v::lS for "the square 

(5) 

plates which I studied i~S 3~ x (0.00123)2 = 0 . 0000136 an&, 

therefore, appreciably exceeded the li~it value det8r~ined 

by the inequality (5) . 

In the .re searche s n:ent ioned above I pointed out t"2at 

the function f might serve, on condition that the ratio 

p does not depend on the speed 
v 2 8 P 

v; as a ffieasuri~~ de-

vice, for judg ing the quality of the tunnel . The tunnel is 

the more perfect as the contact bet ViC en the curve P 
P TO;;: Q 

J 1..1 

f (8 ) expressing the above-mentioned fu.."'1ction, and the 
C~) 

p straight li::16 K is of a cigher o~der for the 
P v 2 8 

limit values of the ratio ~ 
2: 

The functions f may vary appreciably for tunnel s 0:: 

different types. We cannot, howe'.Ter, attribute all -chs 

contradictions presented by the observations of different 

investi~ators to the sole difference' of the tunnels in 

== 

-;1hich -:11 8 experiments were made . In one of :rq earlier stud-

ies, (Bulletin of the Aerodyn&lical I::lstitute of Koutchino, 

No . IV, 1912, p . 131) I showed t~at in one and the sa~e tun­

nel (Prandtl tunnel) we could obtain, for expressing t~e 

relation of dependence betueen the pressure of the strea~ 
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on a square plate and the angle of attack, two different 

curves (see Fig. 1, curves a and b) according to whether 

the wire holding the plate was fastened to the edge (curve 

b) or to the middle of the plate (curve a). 

In the same article I showed that ih the Prandtl tun­

nel, for expressing the relation of depandence bet wGen the 

pressure of the stream on a square plate and the angle of 

attack we can also obtain two curves (see Fig. 2) accord­

ing to Whether the air circulates in the tunnel (curve a) 

or is drawn by suction from the room into the tube (curve d). 

I thought I could explain this difference in the course 

of the two curves by the greater fluctuations of the stream 

in the case in Which the air is dravm directly from the 

room into the tunnel (without a conical nozzle or tUbe). 

The investigation which I am describing in this arti­

cle show once more what circumspection is necessary in 

utilizing observations made in tunnels, if y~ vdl l avoid 

falling into too hasty generalizations. 

For studying the resistance of spheres and ellipsoids 

in our tunnel, I had made the balance shown in Fig. 3. 

The spheres and ellipsoids were of polished wood 

painted with ripoline; the diame ter of the section of the 

horizontal rr,etal rod supporting the ellipsoids was propor­

t ional to the dianieter of the ir median sect ions. The 

spheres of 4 and 8 em diameter ware studiad on the appara­

tus shown on page 26 of the 4th number of this Bulletin. 

; 



In -chis apparatu3 the rr.etal rGd. support ing the sphere is 

placed pe~pendicularly to the stream (see Fig. 4). 

The apparatus shown in Fig . 3 was used for expe~i~ent~ 

on spher3s of 16 cm. and 32 c~. diameter and on ellipsoids 

of revolution whose rr.edian sections had dian:eters respect-

jvely 0.125 m. and 0.250 0 . , -cbe ratios betv/een the axes 

being 125:30, 250:60, 125:63, 250:125, 135:95, 250:190, 

125:150, 250:300 . This collection of ellipsoids can be seen 

on the plate forming -Ghe fl'ontispiece of tn.e 4th r o . of the 

Bulletin of the Aerody-narnical Institut e of Koutchino. 

In Fig. 6 the results of the measureoents of tne ellip-

soids are sho~m graphically . 

As ~ill ~e seen by these curves, the linear diF-ensions 

of the ellipsoid exert, in our tunnel, an appreciable in-

fluence on the course of the curve expressing the relatio~ 

of dependence between the ratios p and 0 vd 
P V2S ~ : 

In Fig. 5 we shall find the graphical expression of ob-

servations made on spher3s in our tunnel, COli'~.Jared -7ith ob-

servations made by other inve s".::igators . * 

The first researches on the resistance of spheres in 2-

tunnel were made by 1~ . Loukianoff , v7ho studied a sphere of 

dian:eter 0 .076 in the old tu..."ln81 -.';"":i;;-tn &. square sect ion of 

(0.64 x 0.64) of Professor Jaukovskyls laboratory at the 

* In the studies whiCG I quo-ce, the tertperature at '.,hich -;:he 
experil:.~er.ts were r!lade is !lot al7Jays given. The data 
used in tracing the curves sho ',m in Fig. 5 nere calculated 
for an assumed ~emperature of 150 C. 
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* I~perial Uni versi ty of Moscow. 

The brusque change of regime observed i n certain cases 

was pointed out (for cylinders) by M. Slessareff in 1911 at 

the first Russi~l Ge~era1 Congress for Aerial Navigation. 

The airstr13ams in whicr~ M. Eiffe1 ** 8...."'1.d M. Maurain*** 

made t~eir experiments were not bounded by solid :nlls. It 

is perhaps to the influence of such walls that the more 

~apid fall of the ratio p 
with the increase of speed 

p v 2 S 
is to be attributed in our tunnel . It is possible, however,**~ 

that this difference is due to the greater turbulence of our 

stream (see above, p . 4 ) . 

* The results obtained by M. Loukianoff aTe quoted from IILes­
sons on Aerial Navigation" (1910-11) (p . 6S) by Prof. Jouk­
owsky. H. Loukianoff ha s lately pub1isl.led (Moscow 1914 ) a 
~ork on the resistance of the sph0re ~~d cylinder ,mere he 
points out, amongst other things, that the resistance of 
a sphere is ffiuch greater when it is moving in motionless air. 

**"Note on "tl1e Resistance of Sphvl'es in Movir:..g Air.1t Comptes 
Rendus de l'Academie des Sc iences . Seance of Dec.30,1912. 

* ** Bulletin of tne Aarotecnnical Institute of the University 
of Paris, No . III, 1913 . 

* '" * * In a very inte~e st.ing . work juat carried out ~t Prof. Prandtl's 
laboratory (TlDer Luft widerstand von Kugeln" Ze it schrift 
f~r F1ugtechniy. und Motorluftschiffahrt, May 16,1914) C. 
Wiese1sberger points out that in an artificial stream we 
can obtain two di fferent curves for the re sistance of 
spheres; if we take precautions that the stream be as steady 
as possible, we ob~ain a curve similar to those of Capta in 
Costanzi (see Fig. 5) ; if , on the contrary, we place a wire 
grid in front of the s phere or apply to its surface a ve ry 
thin metal ring (diameter of the sectio~ of the wire foro­
Jng the ring, 1 mm.; d i ameter of ring, 140 mm.; diameter of 
sphere 280 mm . ) we obtain curves similar to those of M. 
Eiffe1 and M. Maurain (see Fig . 5) . Profe ssor Prandtl ex·­
plains these result~ ' by t he greeter turbulence of the 
stream in the sec ond case . 

r think there is a certain analogy between this phen­
omenon, ~vhich I described and explained in No.4 of this 
B'~llet in (1912) and 7Jhi0h I ment ioned above, i? 4 J and the 
resuJ.ts obtained with rough surface disks (see No. V of this 
Bullet in) p . 30) . 
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Capta~n Costanzi's investigati~ns* were carried o~t in 

the Froude basin of the Engineer Depart~ent of Aeronautical 

Experimen-: and Construct ion) Rome . The dimensior.s of this 

basin are: length, 166 m.; width, 3 m. ; depth, 2 . 6 lli . The 

spheres on vm ieh experiments were made had dia~eters of 

20 cm. and 10 em. respectively. Curva b (Fig. 5) ~~s ob-

tained for a sphere of 20 em. diaffieter, the de~th of imreer-

sian of the center of the sphere being 735 rem. The extrem-

ity of the lever used for suspending the sph~r~ is sho~m on 

Fig. 7. The lever ~~s of lenticular se0tion. 

Curve c (Fig . 51 ~as obtained for a sphere of 10 cm. 

diameter, supported by the sa.rua lever . T:ha distance fro:!l 

the surface of the i1ater to tha center of tha sphere \;as 

680 OiL. 

Curve d was a l s o obtained with a sphere of 10 c~. 

diameter, ~ut the metal rod supporting it was of circular 

section. The depth of im~ersion was 645 IDr .• 

Curves e and f correspond to observations made on 

a sphere of 10 C"' . diameter held as shown in Fig . 8 . The 

depth of immersion of the center of the sphare ~as 785 mm. 

The curve e RaS given by experiments made by means of a 

vertical rod of circular section) and curv"e f ",nth a rod 

of lenticular section . In the latter case (curves b, c, 

and f) the resistance of the lever used for suspending the 

sphere and the perturbation caused in th0 uater by the lever 

~re several times smaller . 
Alcune esperienze di idrociinaYuica. Rendiconti delle esp.3r­

ienze e degli studi eseguiti nello stabilimento di esper­
ienze et constructioni aeronautiche del Genio, No.5. 1912. 
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In applying the method of variables of zero dimension 

to the observat ions of Messrs . Hesselbe r g and Birkeland, ':' 

I obtained the system of broken l i nes connecting the dif­

ferent observations, sho\m on Fig . 5 . Each broken line cor­

responas to a sphe re of determined diameter. The method 

of observation empl oyed by Hesse1berg and Birkeland was as 

fo1lo\:-s: In the interior cf a church in Christ iania there 

were sent up Sl~a1l r UDoer bal l oons filled ',vith hydrogen 

and attached to thin ·,1ires . By r.-.eans of a chronograph~ the 

t irJe elapsing between the ~oment when the balloon \VaS thro -.m 

up ~nd the tension of the wire r~s count ed. By varying the 

length of the wire, the velocity of the sphere was calculat­

ed by the difference of time, and, its lifting power being 

knovID, the coefficient of r esistance ;ms determined. Pre­

liminary experiments sbo~ed that at a distance of 4 m. from 

the ground the speed :~ight be considered constant. Although, 

in the observations of Hesselberg and Birkeland the points 

are not situated along a determined curve, and though they 

deviate appreciably fror:i t he mean values, these observa­

tions seem to be mor e compl ete than those ¥VB no~ possess on 

the resistance of spheres in f ree air . 

A certain analogy seems to exist between the ~ean curve 

wnich YL1ight be made to represent the result of the observa­

t ions of He,ssel berg and Birkeland, and the curve expre ssing 

the relation of dependence between the torque M and the 

* Beitr£ge zur Physik der freien Atmosph~re, Vol. IV, 1912. 
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inverse value of visGosity . 2 on p ,. 2? ()f' th is nu.1"""bE>r of" tfl'<"> 

Bulletin. 

M. Kousnetz o~ts coefficient of resistance (Fig. 5) rlas 

calculated by the lifting force of a sounding balloon ~ith 

a -diameter of 1.6 l'il. * 

In Fig. 5 are also sho~m the data obtained by ~ariotte) . ' 
Ne~onJ Lagerhjelm, Forselles, Kallstenius, Reich, uende-

leeff J - data ',yhich I have taken Irom the remarkable '"ork 

liOn the resi3tance of the Air and Aerial Navigation J IJ by 

D. I. ~end~l~eff.** 

* Bulletin of the Aerodynamical Institute of Koutchino, No .1, 

p.83, 1906. 

** St. Pe tersburg, 1880 . 
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