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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL MEMORANDUM NO, 868

THE DORNIER WIND TUNNEL*

By He Schlichting
SUMMARY

After completion of the required calibrations, the
Dornier open-throat tunnel is now in operation. With an
elliptic test section of 3 by 4 m (9.84 by/3.12 ft.), its
length is 7 m (22.97 ft.), its maximum horsepower 800, and
its maxinum air spced 60 m/s (134.2 mepehe). 4As to local
unifornity of velocity, static pressure as well as Jjet
direction, and turbulence factor, this tunnel is on a par
with those of the good German and foreign research labora-
tories.

The present equipment includes two purely mechanical
balances?! one 3~component, and one 6-component balance.

I. INTRODUCTIONW

The increasing demands for performance 2and airplane
characteristics within the past few years have made the
need for our own wind tunnel imperative. In the develop=-
nent of new design tyves, individual questions very fre-
quently arise, in which small-scale investigations are of
value in the construction only when they can be made with-
in 2 definite - usually very short - period of time. Be=
sides, much greater use is to be expected of the costly
flight tests if they can be carried out in close coopera-
tion with the wind-tunnel tesgts.

The Dornier Works have therefore built their own tun-
ncl on their grounds at Manzell, near Friedrichshafen, ard
started to operate it {(fig. 1).

Dimensions of the tunnel were decided on the basis of
the following considerationg: It was to be possible to

*"Der Windkanal der Dornier-Werke." ILuftfahrtforschung,
vols 1%, ne, 38, March:?20,* 1988, “pps" 95=100;
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study comvlete models at a Reynolds Number sufficiently
far above the critical Roynolds Number, namely:

Re :—Y—t=106
v

(t is the wing chord, v, the air speed, and v, the
kincmatic viscosity of the air)e. Further, mecasurements
on seporate airplanc components, such as radiators and
engine nocelles at full size were to be possible. On the
other hand, the costs and the time factor for wind-tunnel
operation increase enormously with the size of the tunnel.
For these reasons, the choice fell to an elliptic test
gection &f S«dy 4 m' (9,8¢ Bywls.12fh:) dhat van be'&8as »
larged to a 4 m (13,12 f4.) circular section by means of
an interchangeable cone. The maxinunm jet velocity with
the elliptical cone in normal operation is 52 nfs (116.8
mePshe), and can be raised to 60 m/s (134.2 m.p.h.) for
short periods. The Reynolds Number for a normal wing
(span 2 n (6.56 ft.), and chord 40 cn (1,31 ft.)) is:

Be = TEMLETRA ¥ 10T

II. DESCRIPTION OF THE TUNNEL

The general design of the tunnel (figs. 2 and 3) fol-
lows the well=known Gottingen type, of which a number have
been built in Germany, England, and the United States. It
is an open-throat tunncl with single return. The air pas-
sages are in a vertical plane, the return being located
beneath the test section, The length of the test section
between cntrance and cxit cones iz approximately 7 m (22.97
ft.); the entrance cone cross section is a horizontal el-
lipse of 3 by 4 m (9.84 by 13.12 ft.). The blower is
mountcd opnosite the exit cone in the return passage and
is driven through a 9.5 m (31,17 ft.) long: shaft by a dis
rect-current motor installed outside of the tunncl.

The tunnel building stands on a sloping piece of
ground. This, with the vertical econstruction, made possi-
ble a very practical arrangement: the tunnel axis lies
int thel adbe ctdonm et thovsinpstaf thetaround:  "On $HE upw
hill side the return passage lics 10 m (32.8 ft.) deep in
the ground; on the downhill side, where the blower i1s
mounted, it is almost level with ground, so that the power
room has full daylight (fig. 2
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The horsepower required for the tunnel at maximum
normal output is 420 kw., and 600 kw. for short periods.
Wind velocities of 52 and 60 m/s (116.3 and 134.2 m.pehs),
regpectively, are therewith attained.

The tunnel is almost completely housed within a 4-
story building (fig. 1), which contains workshops on two
floors and the offices on the top floor. The actual ex-
periment chamber, through which the open jet passes, 1s
three stories high. On the upper floor are the measuring
platformg on both sides of a 6 by 20 m (19.68 by 65.60 ft. )
opening and extending across the jot axis (fig. 8). Here
a 3=component balance is installed on a platform which
travels across the jet. 4 6-component balance is to be
constructed upon a second traveling platform. In this
manner, one model nay be prepared while the other is being
tested,

The entire test chamber is within reach of a l.5-ton
(3,207-1b,) crane. The motor switchboard is duplicated:
onc in the engine room, the other on the platform near the
balancec.

III, THE AIR PASSAGES

The greater part of the air passages are of reinforced
concrete, but entrance conc, exit cone, and all deflector
vanes are of sheet metal. The entire air pacssage rests on
a base separate from the building.

The entrance cone (fig. 4) con be swung about a hori-
zontal axis which is perpendicular to the ject axis, so
that it can be adjusted to bring the jet axis in exact
horizontal position., The exit cone mouth (Ilg. 5) is de-
signed to fit the 3 by 4 mn (9.84 by 13.12 ft, Joolliptical,
as well as the 4 n (13.12 ft.) circular conc. The en-
trance section of the nouth of the exit conc is cllipticel,
the exit section circular, and the adjoining return pas-
sage is of circular section, Thus the change from ellip-
tical to circular jet takes placc entirely within the exit-
cone nmouth., A circular slot between exit-cone mouth and
the cone itself allows the air carried along from the test
section in the open jet to escape. The throat is axially
adjustable for about 600 nn (23,62 in.), so that the opti-
nun slot width can be obtained, By changing the width of
the slot the static pressure in the open jet near the exit-
cone nouth is considerably influenced. The exit-cone pas-
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sage following the nmouth is exgandod 2%, and the adjoining
vertical passage is expanded 4°; thus, part of the section-
al expansion lies before the fan. The fan, of 5 m (1644

pid IO dianeter, is mounted in the return passage. Directly
bechind the fan, the 5 m circular section changes into a
square scction of 5 by 6 ms This is followed as far as

the next bend (fig. 6) by the expanding passage terninat-
ing in a square section of 6.2 m (20.34 ft. square). Fron
here on the section is constant as far as the mouth of the
entrance cone., At the base of the entrance cone, the 6.2 n
square scetion changes to'a 5 m cirarlar section, and in
the attached stecl entrance cone then ensues the further
contraction from 5 m circular section to the elliptdcal jet
nouth of 3 by 4 m or the 4 mielrcular jet. The area Teduc-
tion for the 'elliptical Jet' 18 4, and for the eldreulsar jot,
3. The jet is slightly expanded before the exit plane, in
order to avold contraction of the free jet shortly behind
the nmouth of the entrance cone. The deflectors on the last
two bends before the entrance cone are rotatable as a whole
about their longitudinal axis, but the remaining ones are
fixed. Thig affords the correction for twist and velocity
distribution in the open jet,

A honeycomb consisting of square cells 500 mn (19.69
in.) long, and 80 nm (%.15 in.) on a side, is mounted in
the chamber near the base of the entrance cone.

IV. lOTIVE POWER

The fan is a 6-blade propeller of 5 m diameter (fig.
7), driven through a 9.5 m (21,16 ft.) long shaft fron a
direct-current motor outside of the tunnel. The motor is
ingstalled outside the tunnel for ease of accessibility.
The direct-current drive motor is preferred to an alter-
nating-current motor because of the ease of controlling
the jet velocity. . The current is transformed by grid-
controlled mercury-vapor rectifier. The maxinun nornal
output is 420 kw. at 400 r.pente, and 600 kw. at 450 reDPelle
for short-period overload, The low peripheral speed not

.exceeding 118 m/s (264 m.p.h.) was chosen with a view to

nininum noise. The hub part of the fan has a 2 nn (6.56 i . )
dianeter and is faired in. The hub is of welded sheet iromn,
the hollow blades are of cast elektron and are adjustable.
The fan shaft rests on four bearings, two within the hub
part, one intermediate, and one on the coupling to the
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notor. Behind the fan are the 9-blade fixed contra vanes
of 1,6 n (5,25 ft.) depth. Tho rear third of these vanes
dgiplvotable with a wliew to correction of slipstrean ro-
tation. The hud part is carricd on two front and three
rear supports, the latter serving at the same time as
conta wanes. The entire Ffan! s hounsed Hnvsheel’ fron, in=-
sulated from the rest of the return passage by partitions.

V. SPEED CONTROL

Four valves in the lower side of the chamber in front
of the entrance cone (fig. 2) keep the dynanic pressure in
the open jet constant with respect to time. On opening of
the wvalves, air escapes fron the chamber, lowering the
spced in the open jet. The wvalves are autonatically con-
trolled by an Askania air jet-tube controller. This type
of regulator is supcrior to controlling the motor r.pe.n.,
because it has less inertia for large wind tunnels. he
regulator has a range from 40 to 120 nn (1.18 to 4.72 in.)
WeSe, and the set dynanic pressure is kept constant to
within £1/4 nn (0.0098 in.) W.S. The dynanic pressure.
reading is obtained from the chanber in front.of the en-
trance cone through an arnular duct of 12 nn (0.472 in,)
dhlgdide width £itted with 12.orifices.

VI. HMEASURING EQUIPMENT

This comprises at present a 3-component balance (rie.
8) mounted on a 5.6 by 4.6 n (18.37 by 15.09 ft.) travel-
ing platforn. The balance is completely nechanical and is
patterncd after the thtingcn 3-conponent balance (refer-
ence 1), but instead of scale beans with weights, sliding
weights are used. The neasuring range amounts to 100 kg
(220.5 1b.) for the drag, 400 kg (88l.8 1bJ for the 1lift,
and the angle-of-attack range up to t45°, In addition,
there is a fourth balance for the measurement of flap-
hinge noments. '

Provisions for a 6-conponent balonce on a second trav-
eling platform have becn made; it is already under con-
ghruetion. It is also operated mechanically and is pat-
terncd after the Gottingen 6-component balance (refercnce
2), but the model can be Hturned through a full 360? about
the normal axis. (Editor's note: In the neantime, the 6=
component halance has been built and is in scrvice.)




HedeCuA. Technical Memorandum No. 968

(¢}

The models were nade in the company?'s own shops, bec=
longing to the wind tunnel. All complete airplane models
are built with a span up to 2.8 m (9,19 f%t.). The fabriw
cation of the models followed closgely the rroved Gottlnﬂon
nethod, namely$ fuselage of wood, wings and control sur-
faces of iron coated with a 2 %o .3 mm (0.079 to 0,118 in.)
layer of gypsum. Notwithstanding the large size of the
nodels, the wing frame (spars with ribs and sheet inser=-
tion) can be soldered. Deflection of the nodcls under
load was exanined in preliminary tests; the results werse

satigfactory.

The models are suspended from round wires of 1 to 2
nm (0,03937 to0 0,079 in.) diameter; very large models on
streanline wires. TFigure 4 shows a model suspended in
the jet.

VII. OPERATION AND JET CHARACTERISTICS

The actual construction of the tunnel was preceded Dby

a searching test program on a model of fhe wind tunne 1,
1:10 scale, in collaboration with the Gottingen Aorodyn
iec Laboratorye. It included investigations of the dimen=-
siong of the air passages, the fan inclusive of guide appa-

ratus with reference to satisfactory wvelocity distribution,
and thce behavior of the static pressure in the open Jjete.
Pcr?O““ﬂnco tests wero also made. Hereby it was found ex-—
pedient to arrange the exit-cone mouth adjustable in axial
dircction, and to make the trailing ci:os of ‘the ecolitra
vanes adjustable. Both were provided in the full-sized
tunne 1.

The overation of the tunnel has disclosed no particu-
e datEf ilenisties Og cillations of the air stream as ob=
served on reveruhl of the newer tunnels, did not appear.
The open-jet wvglocity in relation to the power input, com-
puted on the basis of the model test, was exceeded Dby 15
percont, « This is due to the fact  that, at the Reynolds
Number of the full gize, which isg ten times higher than. on
the model, the stream losses are coansiderably lower.

Following the starting of the tunnel, the open jet
was tested very thoroughly. The measurements included:

Jet direction.
Velocity distribution.
Static pressure.
Turbulence factor.

Doy H
- - .
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Then the jet was alined exactly horizontally by means of a
Z=componert measurement on a normal airfoil. The jet char-
acterigtics were 1mprovod as much as oos~1b1e by corre-
sponding measures

In the correction of the jet direction a maxi mum di-
recctional difference in the same horizontal or vertical
section of 0,2° was aimed at and attained. Tho jet direc-
tion was neasured with 2 n (6.56 ft.) long, thin silk

-threads, of which about five were arranged in vertical and

horizontal planes, respectively. To improve the direc-
tional accuracy of the jet the best setting of the adJust~
able recar edges of the contra vanes was effected. A4 fur-
ther 1merVOnent in jet direction was obtained by horizon-

tal and vertical guide plates at the exit side of the honey~

comb in the chamber in front of the entrance cone, which
were twisted according to the existing directional differw
ences.

The velocity distribution over the open-jet section,
originally showing %4 percent dynamic pressure differences,
was improved by "retouching" with the help of screens on
the entrance side of the honcycomb. The maximum dynamic
pressure difference has been reduccd to £l percent of the
mean dynamic pressure (fig. 9), which is the usual figure
for good wind tunnels.

The static pressure in the open jet shall axially be
constant over the greater part of the open-jet length, in
order to insure satisfactory drag measuremenis on very
long models (airplane fuselage, for instance). The static
pressure correction for the region before the exit-cone
nouth was effected by changing the width of the slot be-
tween cone and mouth. The originally provided axial moyve-
nent of the mouth made the variation of slot width easy.

Ultimately the ‘slot was set for 200 mm (7,87 in,) width,

The static pressure in the region directly behind the
entrance-cone mouth was improved by changing the expansiom
angle of the cone with the aid of insertions. The final
static pressure obtained is illustrated in figure 10. Ac-
cording to it the difference in static pressure for a test
length of 5.5 m (18,04 ft.) is only 0.4 percent of the dy=-
namic pressure, 2

To assure gsatisfactory 3%- and 6-componcnt measurements
the jet nmust further be very exactly alined horizontally.
A minor ineclination X of the jet axis to the horizontal,
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falsifles the drag W 1in a 3= or 6-component test by a
Tt component . WATsin Xy ter a percentage  of ezror inwdfacs
amounting M to == = % 530 e, o 18 greatest in. the range
of best IL/D; and fo

10 3
X ==Yt Yaneun Ealto

= 5 ond a jeb inclinatiocn ok

=013 percenty 'To agsufie”bhe

n

rag measurement to be within 1 percont correct, the jet
must not slope more than about O, 083 Such an exaci noz-
zle alinement being structurally 1nnos31ble, it was attempt-
ed to achieve this by measuring in the usual nanner (ref—
ercnce 3) the polar of a normal airfoil with "normal" and
"inverted" suspension, The drag difference of the two po-
lars then gives the jet inclination. In the present case
the inclination of the nozzle to the horizontal amounted
about 1/3° upward, which was easily corrected since the
nozzle had been initially mounted so that if could be ro=-
tated. Figurc 11 shows the polars of the Gottingen airfoil
section 409 after removal of jet inclination. The polars
of the normal and inverted suspension coincide.

L

Xe}

For comparison the, Gottlnven teat of the pame alrtanl
(reference 1, p. 107) in the 2.25 m (7.38 ft. ) tunnel has
been included. The GOfbiP”Ch profile drag (at e¢g = 0)

is greater and the maximum 1ift less than in our tests.
Both are atfributable to difference of Reynolds Number be=
tween the Gottingen and our measurenent.

The turbulence factor of the tunml was investigated
aftter ingtallation of the screens with the aid of the con-
ventional sphere measurements. Polished wooden spheres
of 200 and 300 mnm (7.87 and 11,81 in,) diameter were em~
ployed. They were so suspendeé on the jet axis 1,600 mn
(63 in.) away from the outside edge of the entrance cone,
that no suspension wire was in front of the sphere. The

esults of the sphere-drag measureﬂentv are shown in figure
12, The critical Reynolds Number is x (eg = O. 3) =
3.3 x 10°, Comparcd to the turbulence factors of other
wind tunnels (reference 5), that of our tunnel can be
called good.

Tranglation by Ja Vanier,
National Advisory Committee
flop tAovonauticsl
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Figs.1,4,5,6,7,8
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Figurs l.- View of wind tunnel
building.

Figure 6.- The bend behind the fan
(view in flow direction)

Figure 4.~ View looking toward entrance
cone and mcdel.

Figure 7.- Fan and contra vanes
(view in flow direction)

Figure 8.- Experiment chamber zand
Figure 5.~ View locking toward exit 3_compcnent bslance on
cone mouth., traveling platform,



a, Entrance cone
b, Adjusting device for horizontal
alignment of entrance cone,

!
c, Exit cone mouth. [ l
d, Adjusting device for axial shift- !
ing of exit cone mouth. |

, Deflectors or guide vanes. L i
, Fan blades. t

e
1
g, Contra-vanes.
h, Hub feiring,
i, Suprmort of fen,
k, Honcy coub.
1, Flaps for speed control,
m, Askaenia coantrecller
n, Treveling platform for the
telance
o, 3-couponent balance.
p, Electric drive motor,
q,Current transformer.
"~ (grid-controlled rectifier)
r, Offices.
s, Workshop.

Figure 3.~ Horizontal section of the wind tunnel.
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Figure 2,- Vertical sections of the wind tunnel.
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Figs.9,10,11
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Figure 10.- Variation of static pressureWind velocity v=30 m/s (67m.p.h.)
on the jet axis.,
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Figure 12.- Determination of turbulence factor from
sphere irag measurements (200 ani 300 mm

(7.87 and 11.81 in,)diameter).
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