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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
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ITALIAN AND FRENCH EXPERIMENTS ON WIND TUNNELS.

By

Wm. Knight, Technical Assistant in Europs,
Paris QOffice, N.A.C.A,

The National Advisory Committee for Aeronautics subnits the fol-
lowing report, which is the result of a special analysis of the meas-
urements and ths investigations of various models of wind tunnels in
Europs, made by Mr. William Knight, now Technical Assistant in Furope
to the National Advisory Committee for Aeronautics. This report was
presented by Mr. Knight in 1918 to Dr, W, F. Duraand, then Scientific
Attache to the American Embassy, Parie, France.

Costanzi's Experiments.

The expsriments made by Eiffsl in kis laboratory at Auteuil in
the asrodynamical tunnel designed by him induced Colonel Costanzi of
the Italian Army to start two series of experiments at the "Instituto
Centrale Aeronautico" at Rome, with a view of determining:

lst - What was the influencs of the surrounding building
in which the tunnel was installed on the efficiency
of the installation, and

2nd - How the efficiecucy of the installation was affected
by the design of the tunnel.

The models of tumels used both in the first and in the second
series of experiments were made out of & cylindrical chamber connected
at one end to a nozzle and at the other end to a diffuser, the shape
and dimensions being as shown in Fig. 1.

A 24 blade air-screw driven by a 2 HP D.C. electric motor supplied
the air current, the velocity of which was measured in every case in
the cylindrical chamber with a Krell anemomster. A dynamometer insert-
ed in the axis of rotation betwsen the motor and the air-screw measwm'sd
the torque absorbed by the propeller for any correspcuding velocity of
the air current as registered by the anemometer. The speed of the motor
varied between 250 and 3200 R.P.M, Colonel Costanzi in "Rendiconti



delle esperienz o ¢ degli studi eseguiti nello stablllmento di Exper~
jenze e Costruzioni Aeronautiche del Genio - Fasc. 3° Vol. II" gives
the velocity of the air in the restricted section of the tunnel in
meters per second for each experiment performed, the speed of the amw tor
in r.p.m. and the power absorbed by the dynamometer in kilogrammeters.
The results are presented in 21 Tables (one for each experiment per-
formed) and 6 diagrams.

In order to facilitate the comparison of the results obtained, I
have arranged differently the experimental data presented by Colomel
Costanzi. Instead of giving the work absorbed by the dynamometer, the

ratio L8 = /Qt was calculated in every case.
m
P, is the energy possessed by the air in the restricted section

of the cunnel wheres the velocity is measured.

2
Pu=Yy
' 2
where:
2 X rd?
M= ma X 73 x hin adnnald e n- T 14 ——?—;
4 2g
d = diameter of tunnel where the air velocity is measured.
v = velocity of the air in the section of the tunnel having a

diameter 4.

%)

g

density of the air at 15° temp. and 30" barometric pressure .

i

acceleration due to gravity.

i

Pm is the technical energy absorbsd by ths dynamcmeter for pro-
ducing~an air current of the velocity ¥V in the section 4 of the
tunnel and is expressed in the same units as Pu'

/9t= Eg is the efficiency of the installation.

In Tables I and II are given the values of /2, calculated for the
24 groups of experiments performed by Colomel Costanzi.

In Table I are tabulated the results of the first series of 11
experiments made for determining the influence of the surrounding
building on the mechanical efficiency of an asrodynamical tunnel open
at both ends. For these experiments, two models of tunnsls having
the dimensions shown in Fig. 1 were used. The models were made out of
wood polished inside so as to reduce as much as possible the windage
losses, and were inclosed in a model building of the dimensions given
an e, 1.



Three different models of buildings wers uscd for these experi-
ments and they were all made with the end doors and the roof remova-
ble, 8o as to allow the measurement of the power abscrbed by the dyna-
mometer for producing an air current of a desired velocity, whem the
inteks and outlet of ths air was taking place either into the closed
atmosphere of the building or into the open air. A removable diaphragm
could be placed inside of building No. 1 normal to the axis of the
tunnel, all around the restricted gasction where the air velocity was
measured. This diaphrage when it was in place prevented the circu~
lation of the air from one end to the other inside of the building.

In Table II are given the values of /< g for 13 groups of experi-~
ments made for determining the influence of the design of the nozzle
and the diffuser and the location of the air-screw on the efficiesncy
of the installation. Ia Fig. 2 ate given the dimensione of the wodels
experimented upon in each case.

The conclusion to be drawn from the first series of experiments are:
1. If the roof and the doors of the building ars closed, the ‘
valuss of QO g @8 obtained under these conditions are about one half

of the corresponding values of A p @8 obtained with the end doors open |
(see experiments Nos. 1 and 4).

2. The opsning of either the inlet door or the outlet door, the
addition of & diaphragm in the middle of the hall all around the tun-
nel, such as to prevent the air from circwlating from B& end to the
other inside of the building, the opening of the roof, and the increase
in size of the building, have no appreciable influence on the values
of /O ,, which will be only slightly larger than when the doors are
clossd and the roof jis in place.

3. The efficiency of a tunnel having the nozzle and the diffuser F
made out of parabolic surfaces is about one half the efficiency of a g
tunnsl of equal dimensions with straight conical inlet and outlet, op- |
erating under the same conditions. ’

The conclusions tkat can bs drawn from the second series of exper-
iments ars:

1. The extension ¢f the diffuser back of the air-screw increases |
the values of /o t-

’ 2. !Zf the diffuser is entirely taken off, the efficiency of the
installation is practically equal to the efficiency of L, the air-screw.

3. A cylindrical sxtension of the diffuser right back of the air-
screw has the tendency to decrease the value of A4

4. 1If both the nozzle and the diffuser are connected at the
small_er end to a cylindrical chamber having a diamster double the small-
est diameter of the nozzle and the diffuser, the value of O, is

ggozzfgf) :smaller than if the diameters were the same (see experiments
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5. A slight discontinuity over the length of the experimental
chamber {cylindrical portion of the tunnel) decreases only slightly
the value of O, (ses ezperiments 23 and 24).
6. The increase of the ratio of the diameters at the outlet and at
the inlet of the diffuser from 1.7 to 4.2 produces a decrease of Q4
of about 60% (see experiments 16 and 21).

Castellazzi's Experiments.

A third series of experiments was performed later on by Liesut.
Castellazzi of the Italian Army (see "Reundiconti dell' Istituto Cen-
trale Aeromautico, Anno VII, 18917) for determining the most efficient
design of a tunnel of the Crocco typs. In Fig. 3 are given the di-
mensions of six models of tunnels on which seven series of experiments
were performed. Also in this case I have calculated the values of R t
for each corresponding velocity of the air in the experimental cham-
ber, 14-3/16" diameter, and the value obtained ars tabulated in Table
1%1.

The conclusions that can be drawn from these experiments are:

1. The extension of the diffuser behind the air-screw produces
an increass of jcjt.

2. A decrease in length of the cylindrical chamber increases the

3. The shape of the section of the ducts for the return of the
air bas no appreciable influence on the valus of L ¢

4. .A slight interruption over the length of the experimental
chamber decreases only slightly the value of Pt

5. The opening of the door on "a" communicating to the outside
produces a large drop in the value of s

Comparing the results obtained from Costanzi's experiments and the
results of Castellazzi's experiments we may conclude that:

1. The efficiency of a tumnel of the Crocco type is larger than
the efficiency of an Eiffel tunnel of the same dimensions (see Costanzi
No. 21 and Castellazzi Na. 1). The efficiency of the Eiffel tunnel at
Auteuil at a meximux wind speed of 104 feet per sccond is R, = 1,37
and the power needed is 84.5 HP; while the efficiency of the (rocco tun~
nel at Rome at a maximum wind spesd of 165 feet per second is O, = 2.9
and the power absorbed is 113 HP. At a wind speed of 104 feet per
second the Crocco tunnel gives /A, = 2.65 and the corresponding horse
power supplied by the motor is on1§ 28 HP.

2. A tunnel of the Crocco type has the great advantage of making
possible its installation in a small building, the dimensions of the
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building having no influence at all on the value of /O , which, in the
case of an Eiffel tunnel, is greatly influenced by the sides of the
surrounding building. Another advantage of the Crocco tunnel is to be
found in the possibility of controlling the temperature and the hunid-
ity of the air and in the elimination of the disturbing action of the
wind at the entrance of the nozzle and at the outlet of the diffuser.

Model No. 4 of Castellazzi's experiments was adopted for the in-
stallation of the tunnel at the "Istituto Centrale Aeronautico, Roma,
Another series of experiments was started next for determining the
pumber and the width of blades of the air-screw which would give the
best results. In the final installation of the "Istituto Centrale"
eight propellers, 23-5/B" diameter, were tested in tunnel No. 4. 1In
Table No. VII are given the values of ,Ot calculated in the same way
as before and the r,p.m. of the driving moter for every corresponding
wind velocity in the section 14-1/8B" diameter, are also given. For the
final installation, a N.P.L. type of propeller with seventeen blades
was adopted. In Fig. No. 4 are shown the main dimensions of that in-
stallation, and in Table No. IV are tabulated the motor horse-power
and the r.p.m. for corresponding velocities of the air in the cylin-
drical chamber, as obtained from test.

The efficiency of the propeller was calculated by measwring the air
pressure right in front and immediately bebind the propeller. No de-
tails are given in the publication of the test results about the ar-
rangament adopted for measwring exactly these pressures. The values
given for the efficiency of the propeller seem to be too largs. The
values of £, were calculated aleo in this case and, in addition, the
values of O, are given in the last column of Table IV, ( Oy =

Lt
v

, where L. is the efficiency of the air-screw.)

Eiffel's Experiments.

Recently another series of experiments was started by Eiffel in
his laboratory at Auteuil on 34 modele of tumnels of different dimen-
sions as shown in Fig. 5.

The nozzle of each model was taking the air from the experimental
chamber of the FEiffel installation where a depressiom of 51,5 milli-
meters of water was produced by starting the air-screw of the large
tumel. The depression H = 51.5 mm. at the nozzle of the model testsd
produced a current of air through the medel of tunnel where the air
depression h was measured at the cylindrical section. The efficien-
¢y of each medel O = % ie given in Table V. Knowing h and /9y

I have calculated the velocity of the air in the cylindrical section

of ?ael model: V= \/2ghd where "d" is the ratio of the specific
weight of the water used in the barometer on whi¢h h was measured
and the specific weight of the air, and is: d = BOO, giving V =



V2x9.81x O, x .051, 5 x B00; the valuas of V are tabulated
in Table V.

This series of experiments was started by wiffel in order to find
out if, by changing the shape of the nozzle or of the diffuser of the
large tunnel at Auteuil, the efficiency of the installation could
be improved.

The conclusions arrived at by Eiffel are:

1. The largest valus of A, with the models tested has been odb-
tained with a nozzle at 35° and a diffuser at 7°, the largest diameter
of both the nozzle and the diffuser being 3 txmes the diameter of the
eylindrical chamber (see experiment No. 25, /Ob = 5.67).

2. The largest value of A, , when the largest diameter of both
the nozzle and the diffuser is double the diameter of the cylindri~
cal chamber is obtained with & nozzle at sither 35° or 22° and a dif-
fuser at 7° (see experiments 1 and 17, O = 4.08),

3, If the largest diameter of the nozzle is 3 times the diameter
of the cylindrical chamber, and tbe largest diameter of the diffuser
is twicoe the diameter of the cylindncal chamber, the largast value of
A2 .pis obtained with a nozzle at 22° and a diffuser at 7° (see experi~
ment No. 5, O p= 4.48). If the angle of the nozzle is 35 instead
of 229, the valm of A2, does not change bz any appreciable amount
(see experiment No. 24, SOp = 4 38).

At the Biffel laboratory was also recently investigated a model of
tuwnel to be installed at the works of Sauter-Harle, Paris.

The dimensions of the model tested and the results of the tests
made (experiments 35 to 39) are shown in the picture on top of Table V
(a) and in Table V (a), respectively.

The value of & t as obtained from these experiments is more than
twice the value of o'y as obtained in the large Fiffel tunnel at

Auteuil.

I have been present at the test of the final installation at the
Sauter-Harlé works of the tunnel designed by Eiffel.

Due to 2 great limitation of available rooam the intake and outlet
of the air could not take place into the open atmospherse.

The air circulation is established through a room right above the

tunnel, and the prevailing conditions are not such as to insure & steady

flow of the air into the experimental chamber of the tunnel.

In spite of all the unfavorable conditions under which the in-
stallation was made, the maximum velocity attained by the air in the
cylindrical section of the tunnel is 190 feet per second with a 100 HP
A.C. variable speed motor, 360 to 1200 R.P.Rk, driving a 6 blade air-
screw. The value of A . corresponding to 100 HP and 190 feet second



air velocity is 1.85 which is 35% larger than the valus of /A, as
obtained with the Eiffel installation at Auteuil for a wind spesd of
104 feet per second.

LOSSES IN A TUNNEL.

If no losses due to windage or to other causes were to be found
in an aerodynamical tunnel having a diameter D at the entrance of
the nozzle and at the outlet of the diffuser, and a diameter d at
the cylindrical section, we would have:

4
Py = (=2
p )

D
If § =2 we would have: fob = 16. Coanparing this figure with the

values of /Db as obtained frow Eiffel experiments, we can appreciate
the magnitude of the losses,

In Fig. 6 are given a few formulae derived by Eiffel for calcu-
lating the losses in an aerodynamical tunnel (see "Note sur le calcul
des coefficients d'utilisation des buses pour souffleries aerodynamigses
systswe G Eiffel.") The coefficient of friction of the air on smooth
surfaces: K, 1is calculated according to Fritzsche's formula which : 8
bave expressed graphically in Fig. 7.

Applying the formula given to two models tested by Eiffel (experi-
ments 1 and 8) the calculated values of are: 4,97 and 3.68, re-
spectively, instead of 4.08 and 3.57 as obtained from test.

In order to ccmpare the results obtained by Costanzi to the results
obtained by Fiffel I have calculated ,KDb for the two models Nos., 21
and 2¢ experimented upon by Costanzi, by applying the Eiffel formula
(see Table VI), and I have calculated the efficiency of the air-screw:

P 5 Y for wind speeds in the cylindrical section of the tunnel
b

between 20 and 82 feet per second.

I have plotted in Fig. 6 the values thus obtained and I have taken
the curve shown in Fig. 6 as being the efficiency curve of the air-screw
used by Costanzi and Castallazzi in all the experiments made.

With the values of /97 thus obtained and the values of A _ given
in Table II and Table III the values of /Db given in Table IV were cal-
culated and the results plotted in Fig. 8. In the same way, the values
of O as obtained directly by Eiffel in his experiments, (sce Table V)
were plotted in Fig. 9.



We cen see from Fig. 8 that for each modsl the general tendency is
to have O decreasing slightly as the velocity of the air increases.
These resulgs are contrary to the results of other experiments madse
by Eiffel and to the results obtained by applying the formula given by
Fig. 6, according to which the values of ,O. increase slightly as the
velocity of the air increases. Experience has shown that the effici- ‘1
ency of large tuunels is larger than the efficiency of the reduced size ";
models used for experimental purposes. "

Eiffel suggests that a valus /A~ = 3.25 can be anticipated for a ‘\
well designed tunnel of large dimens¥ons. ‘
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INFLUENCE OF THE SURROUNDING BUILDING ON
THE MECHANICAL EFFICIENCY OF AN AERODYNAMICAL

TUNNEL OF THE EIFFEL TYPE.

Experiments made by Colonel Costanzi, 17 alrarr Army-

Jable 1.

Toblel. [ig./ |
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Job/e 6
Wind speed /n2 funne/ ot 1/e sect1on /475 avo., £t per sec.
Lxperynent “2/ (Costonzy)| Lxperiment ~24(Cost0nzy)
20 33 53 66 82 20 33 53 G6 82
Pe loo755|. 007 |0os5|.0063)|.006/ 00755\ 007 \.0065\|.0063 |.006/
Pch lowas| .on |oros| or 0097|035 (0323 | .03 .029 |.0283
\0% 032 0296027610265 026 |\.032 |.o236 |.0276 0265|.026
P |O#£95)|.0495 0435 |.0495 0295\ 04950495 \.0435 0495 |.04£95
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b= 5
e Y7

Formuloe W\..\m.\u @\ L1 el for nQ\Q\\Q\\\Q Fhe /0SSes /177 0

Funne/ of the Lifre/ Type. o
_ D¢ 2, S R m R w
ner( 28] mg o) i e %

Kp= Coefrfrcrent of Friction of the osr (Fritzsches \,Q\SQ\QQ\
s5ee \,\.w. 7/
N' .
\unuu.ldw\w\\ x 2e{ (losses /n the entrance \VQNN\m.\
2<%

Pch =6# Kpm [Losses 177 1€ Lxperiinental N%Q\dmm\.\

Bk F 78~/ , £
PG =S/ @ et 7 \B\\,\th\. /osses owe 7o \Y\QX\Q\\&.
2
Rol=/ )k - _
P == \ s/ &y (DiFFuser fosses due 7o the enlargement

oF the section.)
PE = MM.M M\N.\um\.%&\ /osses of the out/er of 1/e arffuser).

/

S Pc FPehrPL PP T PE

Pb (£ffrc/iepcy of #he turnnel).

Nore:= /n oclosed Fype of Funnel (lthe 1he Crocco thme\ \wm<u0
buF 177 additron, 7/He \W\\QS\\N% losses /st be colculared,)

W $~\&m bn\mN_

A= mtnuﬂm\\h (fosses 177 11re o/ refurs Qc\n.\.\\ %Qw. 75

£ Furn auet . :
\\Qwu.rou /77 Q&%\R\y where 777, = (gt o QM\\\% = ) p=radius of

bend oF Fhe returs \an\ﬁm%mt\m\ oF Fhe oxis of the bend. \
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VALUES OF O n%% AND R.PM. OF MOTOR.

A/r-Screw testredin Model/ of
Tunnel *4 (See table L)
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wind t&\ﬁﬁ\.\% /n Sec’ \*m.ab\.ﬁ Fi/Se
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Wy a7 -
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w Lo
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wiath - 065
o/a.
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D/ e .0OF35
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2./82.36\2492
(337)(535)\(820)(70/0)723

1470

wid?h -
@th = 06 5
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“\,24\|,78|2.27| 2.4 |2.56| 2.57
(304)(500)\(760) (945)(1160)\(/395)

Wigth -
byalt=.003

6 Blodes of Uniform Width: 153 1./6

47" 1.65\2.00|2.15|2.35 m.um

(342)(570)\(892)1/00) V330\(159

68/cdes “"CROISSANT " Type.
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Fig. 7 FRITZSCHES FORMULA-
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Kp = Coefficient of Air Friction.

O = Dio. of Air Quc?t //nthe case of an Aerod. namical
Funnel, “D" /s the Dio.of the Exparimental Chom erlin
Merers.

V = Velocity 6f the Air inDuct havingthe Oia. "D"in mefers
per sec ond.

Note: The Values of Ay, g/ven above ore for an Arr 7emp.
of /5°ond o Pressure of 30 “and for Air Ducts with

Ssmooth surfaces.

/16 Blades NP L.” u.m\\um. Le } £.9

2/3|2.29 2.3 |2.38
(337)(550)|(850) x\ouo (13/0)7555)

—

Taobl/e 7.

INFL UENCE OF THE DESIGN OF THE A/R-SCREW ON THE
PECHANICAL EFFICIENCY OF MODEL "4 (SEE TABLE IZ)
OF THE "CROCCO” TUNNEL.

Fiqures between () are the RPM. of the Driving Mofor

7Or: any carec
he Tunmnéel lI?

esponaing wind veloc/ty i 7he sec tion of
” Dra.

Experiments made by LIEUT. CASTELLAZZ/ ITALIAN ARNMY.

Fig. 7 & Toble 7.
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o] 7  |209 =7

92 - /tES




%0

220

Fron of tunnel 1n Fr. per second.

N
A
Q

Q
)
%)
D%
8]
N
2 420
-Q
N
o
~
Q
S
O /00
>
Ay
S
2
o

E/FFLEL EXPLERIMENTS,

2 eZ25
| | 2
|
| |- e s
| | o ies
| v
| ﬂ v
M #
o oo gt e o Ie PR AR =i, S IR A
|- Ny
M\QON.\ _
26 495 fx _
_ . */
N |
_ Ibmwh/ M,WQL\ —— ST ; = i BN
\\ﬁo\mjmlpw | “
.wN. . 23 | J
| 32 | |
- —
| .f
| oot |
¥ ",
| | |
<<<<< AT ) ,* : ” H ——t—
020 ” f M
| | | %
, _ Al G e £
o 2 3 < -

Vo/lyes 0\\& \umm fob/e ,mw

534/-26 |




