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THE VERTICAL WIND TUNNEL OF THE NATIONAL ADVISORY COMMITTEE FOR
+ AERONAUTICS

By Carn J. WenziNgER and THoMAs A. Harmris

SUMMARY

The vertical open-throat wind tunnel of the National
Advisory Commitiee for Aeronqutics is described in this
report. The tunnel was builf mainly for studying the
spinning characteristics of airplane models, but may be
used as well for the usual types of wind-funnel fests.
A special spinning balance is being developed to measure
the desired forces and moments with the model simulating
the actual spin of an airplane.

Satisfactory air flow has been atiained with a relocity
that 18 uniform orer the jet to within + 0.6 per cent. The
turbulence present in the tunnel has been compared with
that of sereral other tunnels by means of the results of sphere
drag tests and was found to arverage well with the values
of those tunnels. Included also in the report are compari-
sons of resulis of stable auiorotation and of rolling-
moment fesis obtained both in the vertical tunnel and in
the old horizonfal 6-foot atmospheric tunnel.

INTRODUCTION

Some of the major problems under investigation by
the National Advisory Committee for Aeronautics may
be placed under the general heading of safety in fiight.
One of the most important of these problems is the
study of spinning, both in the wind tunnel and in free
flight. In the usual horizontal type of wind tunnel,
however, considerable difficulty is encountered in mak-
ing spinning tests of eairplane models owing to the
force of gravity acting with the rotation for part of a
revolution and against the rotation for the remainder.
This condition tends to give oscillating readings on the
messuring apparatus and can be avoided only by very
careful counterbalancing of the spinning model and
balance parts. This undesirable feature cen be over-
come by locating the spin axis in the vertical rather
than in the horizontal position, because the effect of
gravity on the spin apparatus is then comstant. In
addition, a vertical type of tunnel requires much less
floor space than the horizontal type of the same jet
diamseter. .

The design of a vertical tunnel having s 5-foot
diameter jet was accordingly started by the National
Advisory Committee for Aeronautics in 1928. Actual
construction of the new tunnel was completed in 1930,
and ‘the celibration tests were then made. The
tunnel is now being used for autorotation and force
tests pending the completion of a spinning balance.

DESCRIPTION OF TUNNEL

General.—The vertical tunnel is located in a portion
of the building that formerly housed the old 5-foot
Eiffel-type wind tunnel at the Langley Memorial
Aeronautical Laboratory. Figure 1 is a diagrammatic
sketch showing the general arrangement of the tunnel,
and Figure 2 shows the appearance of the tunnel in the
building. .

The tunnel has an open jet, an open test chamber,
and & closed return passage. As indicated on the
drawing, the air passes through the test section in a
downward direction, then enters the exit cone ang
passes through the first set of guide vanes to = pro-
peller. From here it passes, by way of the return
passage, through the successive sets of guide vanes at
the corners, then through the honeycomb, and finally
through the entrance cone.

In accordance with standard wind-tunnel practice,
the air, in passing through the exit cone and return
passage, is slowly decelerated by gradually increasing
the cross-sectional area of the air passage. This change
in area is accomplished by varying the diameter of the
circular section and by changing from a circular to
& square section in the return passage. After passing
through the honeycomb, the air is rapidly accelerated
in the enfrance cone before passing into the test section.
This acceleration of the air tends to produce a uniform
velocity at the test section.

The tunnel passages are constructed of ¥-inch sheet
iron, stiffened with angle iron, and bolted together at
the corners. The over-all dimensions are: Height, 31
feet 2 inches; length, 20 feet 3 inches; width, 10 feet
3 inches. There are four manholes for access to
various parts of the tunnel passages. These are placed
in the return passage, as shown in Figure 1.

Test chamber.—The test chamber is of the open type
end its floor is flush with the top of the exit cone.
This floor is 10 feet square and has a central opening 6
feet in diameter around the exit cone, which leaves an
annular space 5 inches wide between the floor and the
exit cone. This space was left so that the spillage-air
would flow down past the exit cone. On one side the
floor is extended as & working platform. On the 10-
foot square part of the floor are the motor control, the
starting switch, the dynamic pressure indicator, and
receptacles for both a. c. and d. c. power connections.
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The remainder of this floor space is used for instal-
lation of instruments used in the tests. .

Entrance cone.—The entrance cone was made very
short because of the limited height available for the
wind tunnel. The section of the entrance cone changes
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part is made of laminated white pine turned to the
proper shape. '

Exit cone.—The exit cone is a right circular cone with
an included angle of 7° 34/, the diameter of the smalil
end being 5 feet 2 inches. No flare was used on the
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F16URE 1.—Detalls—5-foot diameter Jet vertical wind tunnel

from a 9-foot square to a 5-foot diameter circle in a |
length of 4 feet 2 inches. The entrance cone then l
Hares out as & right circular cone with an included angle :
of 4° in the remaining 8 inches of its length. The

entrance cone from the large end to the circular section '
is made of X-inch welded sheet iron; the remsining |

exit cone, because it was found in preliminary model-
cone tests that satisfactory results could be obtained
without it. A molding of %-inch half-round iren is
welded around the top to eliminate the sharp edge.
The absence of a flare makes it possible, without put-
ting in special platforms, to get much closer to the jet
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while working on models. There are eight slots or

per cent of the chord at the 50 per cent chord point.

openings about 6 by 20 inches in the exit cone. (Fig. | The vanes are so placed in the tunnel that the under
1.) Theseslots were necessary to eliminate pulsations. | surface of the trailing edge of each vane is tangent to

(Reference 1.)

a line parallel to the center line of that part of the

Guide vanes,—The guide vunes are constructed of | tunnel passage.

wood and metal. The leading and trailing edges are !

Eoneycomb.—As mentioned before, there is a honey-

of wood connected with wooden ribs. To this frame- | comb ahead of the entrance cone. This honeycomb
work & covering of Y,-inch galvenized iron is nailed. | is made of galvanized iron bound around the outside

P e

The vanes are spaced one-third chord length apart in
the corners of the tunnel passage.

The shape of the under surface of each guide vane
isa90° arc of a circle. 'The upper surfaceis also shaped
in an are of a circle extending about 84° from the trail-
ing edge toward the nose of the vane. An arc of a
much smaller circle is then faired between this point
and the rounded nose. The thickness is about 12.5

F1aURE 2.—Five-foot vertical wind tunnel

with & steel channel. The cells are 1 inch square and
6 inches deep. To equalize the dynamic pressure in
the test section, galvanized wire screen is secured to
the honeycomb. This screen is fastened to the outer
‘portion of the upper surface of the honeycomb, leav-
ing a 5-foot circular section in the center uncovered.
Propeller and motor.—The fan is a 3-bladed, adjusta-
ble pitch, aluminum alloy propeller, 6 feet 11 inches in
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diemeter, located as in Figure 1. It is driven by a 50-
horsepower, 230-volt d. ¢. motor, to which it is
directly coupled. Air speeds from 0 to 80 miles per
hour can be obtained with this propeller-motor com-
bination. The motor speed is changed by means of
veriable armature and feld rheostats and by adjusta-
ble line voltage. The energy ratio of the tunnel
was determined with the honeycomb and screen
installed, and at 70 m. p. h. was found tobe 1.22. In
this case, energy ratio is defined as the ratio of kinetic
energy of the air passing the test section to energy
input to the drive motor for the same period of time.

Air-gpeed indicator.—An N. A. C. A. micromanom-
eter is used to indicate the air speed. One side of this
manometer is connected through copper tubing to
four static pressure orifices equally spaced around the
large end of the entrance cone. The other side of the

menometer is open to the atmospheric pressure. The
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pressure head of this manometer is calibrated against
the dynamic pressure in the test section,

SPIN TESTING APPARATUS

A small electric dynamometer, known as the “auto-
rotation dynamometer,” was mounted in the vertical
tunnel for the first series of tests on airfoil models. A
detailed description of the dynamometer and associ-
ated apparatus may be found in Reference 2. The
dynemometer was modified for vertical operation, as
it had previously been used in the horizontal position
in the old 5-foot atmospheric tunnel. This apparatus
is capable of measuring the rolling moments of airfoil
models that are being rotated at desired rates about
the tunnel axis.

A spinning balance is now being developed which,
when completed, will replace the dynamometer in the

| tance of 5 inches along the tunnel center line.
5-inch length was given because it specifies the chord
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vertical tunnel. The airplane models to be tested on
this balance will have a span of about 30 inches and
will be roughly balanced about their center of gravity.
These models will be mounted and rotated in the tun-
nel so as to simulate the actual steady spin of an air-
plane with respect to the relative wind. The balance
will make possible a study of the effects of variations
in the radius of the path of the center of gravity about
the spin axis, the attitude and angle of attack of the
airplane, and the rate of spin.

CALIBRATION OF TUNNEL

The "calibration tests consisted mainly of determi-
nations of the dynamic pressure distribution over the
jet and of the angularity of the air stream. Drag
tests of a 20-centimeter sphere also were made at
several air speeds to obtain a measure of the turbulence
in the new tunnel.

The dynamic pressure distribution over the working
section of the jet (36 inches) is uniform to within about
+ 1.0 per cent, corresponding to the small change in
velocity of about +0.5 per cent. Over the same sec-
tion of the jet the direction of flow is parallel to the
tunnel axis to within about 1°, and no definite direction
of twist was indicated.

The 20-centimeter sphere was supported by a fine

- steel wire attached to a balance on the roof of the tun-

nel. A counterweight, shielded from the air siream,
was fastened also by a fine steel wire to a sting extend-
ing from the lower side of the sphere. The drag of the
sphere was measured for a range of Reynolds Numbers
extending from about 100,000 to 400,000. The meas-
ured drag was then corrected for the static pressure
gradient along the sphere. This gradient amounts to
about 0.98 per cent of the dynamic pressure for a dis-
The

length of most of the models tested in the tunnel.

Figure 3 shows the sphere drag coeflicient plotted
against Reynolds Number. According to the defini-
tion given by Dryden and Kuethe (Reference 3), the
characteristic number of a tunnel corresponding to the
turbulence present-is the Reynolds Number at which
the sphere drag coefficient is 0.3. Tunnels having the
same characterigtic number should then give compar-
able results. This number, determined as above for
the vertical tunnel, is 180,000. It is of interest {o note
that the characteristic number of the 5-foot horizontal
tunnel was about 170,000. In this connection some
values of other tunnels may also be noted:

Original variable density wind {tunnel,
(Reference 4.)

Open-throat variable density wind tunnel, 156,000.

Bureau of Standards 3-foot wind tunnel, 270,000,
(Reference 3.)

Bureau of Standards 4%-foot wind tunnel, 164,000,

Bureau of Standards 10-foot wind tunrel, 232,000,

92,000.
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COMPARATIVE AUTOROTATION AND ROLLING-
MOMENT TESTS

The first series of tests in the vertical tunnel was
made to obtain a comparison of the results of stable
eutorotation tests and rolling-moment tests obtained
in it, with the results from the 5-foot closed-throat
horizontal tunnel. Tests were also made to show the
effect of changes in the tunnel air speed on the
results. '

A 5 by 30 inch model of the N. A. C. A. 84 sirfoil, |
which had been tested previously (Reference 2) in the
horizontal tunnel (Reference 5), was mounted on the l
remodeled autorotation dynamometer in the vertical |
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The results are given in the form of graphs of 22?7
and €., where

2L€'=I'&ﬁ.0 of wing tip speed to forward speed,

p=angular velocity at tip, radians per second,
b=span of the wing, feet,
V'=wind velocity, feet per second,

(= coefficient of rolling moment due to roll,= gb}_S
where A =rolling moment about dynamometer ads,
g=dynamic pressure,
" b=span of the wing,
S=area of the wing,

Freurm 4.—Autorotation and rolling moment apparatus set up in verticel wind tunnel

tunnel. Figure 4 shows the set-up of apparatus includ-
ing an airfoil, the dynamometer and controls, the angle
of attack changing device, and the torque-measuring
balance.

Stable autorotation tests were made at air speeds of
20, 40, and 60 miles per hour, and rates and ranges of
stable autorotation were determined for angles of yaw
of 0° and 10°. The angle of attack range was from 0°

to about 35°,

all in a consistent system of units. Curves of,{%b,versus

angle of attack are given in Figures 5, 6, 7, and 8.
For the zero yaw condition (fig. 5) it may be seen that
the agreement is good between the rates of stable
autorotation as obtained both in the vertical and in
the horizontal tunnels. The upper limit of the angular
range of stable autorotation of the model in the vertical
tunnel, however, is not very definite. ‘This difference



504 REPORT NATIONAL ADVISORY COMMITTEE FOR AEBRONATUTICS

j h Valves in ﬁlu'q rleg/bEAprchf;lwb
5 Y===5 fl.vertical furrél ' __'_5 !
O~—35 R horizonial = o ) v
_ ; i
4 - 7. \ 3 E’/ w
A |
3
3 - g O—20 mp.h.
——0--=40 «
\ X—-—60 =
2 \ T -2 " 1
i ALY
h - )
/ t t / r
1 .
. LI N \
1l
N N
0 } j E e —
] e ]
N . I
-7 =/ /: L
f '1’ -3
/ ! 2 !
-2 - -
r
| ; }[ :
-3 : =3 7'
; / I
=+
-4 o -4 " _4'1
=07 N J Va/ubesnh tis ;
s o i il
% w0 200 30° 40° =5 &0 O
o
F1GURE 5.~Comparative rﬁults—-%vs. angle of attack, Yaw=(% FieTre 7.—Effect of changes [n alr upeed—-% va. angle of attack,
zero torgue Yaw=0°% zero torque. Five-foot vertical tunmel
.6
& : : T
Ye=--& ff. vertical tunnel | | V'\
7 O——5/# horizontal = 5 A O—— 20 m.p.h.
5 4 &---40 =

-

O e s e it g
A
. 290
AN
% et
%
1

/ 4‘ :
B ] &
20 i ¥ EO Rk
y ; i !
1 E :
-2 =2 g .'
10
-3 i ™3 Y 4
\i g
- ' % 200 30 s I e W e

o o° 20° 30° 400 %00 60° 70° &0
o FIGURE 8.—Effect of changes in alr spead—zﬁ%vs. angle of aftack. Yaw=10°; zero

— gt ~10% SR
F16URE 8,—COomparative results ALl angle of attack., Yaw=10° zero torque torque. Tive-loot vertical tannel



VERTICAL WIND TUNNEL OF THE NATIONAL: ADVISORY COMMITTEE FOR AERONATUTICS

.05, .
[ & L PO ) )
dope | {51 horizontal « ]
)
* 7 ‘.
03 ‘ &'
’ e NEEY
} YT
g2 = t\ \ \a I
\l
.o/ E k,‘
q o ‘1‘\‘ ;_L/ “\Ls“\
\‘\ I/ \; X
1 |
-0/ /l “. '\?‘
_ il LA
.02 “‘\ I E ‘/80\ \__300
AR
-.03 ¥
1 o=/2°
-0 I H
o 4
‘l
=05 [}
-8 -4 =2 0 2 4 &
BY2V

Freurx 9-a.—Comparative results—rolling moment coefficient vs.

b
2™
Yawm(% 44 m. p. h,

06— r —i.sﬁl.%ﬁc‘-[/fj—l

=/5° as0 - 5% borizonfa‘-;n?d—
05 i
o
04 ‘}‘. ‘i “‘
Y P\
oo - H N
02 q¥ 5{ 74\ s

N1
o} %

| A
Y VAN
HET!
o i ," v 31‘, o
L.
1 %
- INEL
v \‘
‘1 ilr *
3 J|i
o Ha-o° | =l5°
04—~ —a =z 0 2 ;L 5
py2v

FIGURE 10-a—Comparative resulis—rolling moment coefficlent vs. gr
Yaw=10° 4 m. p. h.

80300—82——388

as=0
. T LT
' --~=5 . horfzonfal «
%
i U
e y l’\i f[\\
v s
-0z ““ ;/E')“ IIA\* / x
=35° i~ L~ H ““ / ,"1\! \
o k ““" T m | \
C, ‘ “Nt\\* A .l‘. \"‘\‘
EEEREVAS wXYEWS
AT
» SRS
Al mE
vl R E \ =35
-.02 ; ‘|
N4 T BT
v/ MIEZZWE
=03 1 . l=‘26\c
04 Py
1
- 05] ‘l
i
L S A 4 5 .8
pbev
F1aurk $-h.~—Comparatlve results—rolling moment coefficient vs. 2’%— Yaws=
0% 44 m. p. b
.08 R n
‘;‘ # ‘}‘ 3 WEE/T{W:‘E/'
.05 ,,' S Aoz el
NS ¥ \‘¥
.04 \\ il‘ d=/2°[$ [, \\.l“
- Y
=g T I

.02 "\ T 1\

1 .

0/

) 1
=2z: IR 4? ~
| 1 e
q .0 X‘X / \\‘|| “l S v
y 1 !( \ Y
o A FER
1
=02 v \‘;
=03 “d-l&'
=04 li‘
. o
-8 -4 =2 .2 & .8

4]
pbav

FrotRr 10-b.—Comparative results—rolling moment coefficient vs. f%-

Yawm=10%; 44 m, p. h,



506

was probably caused by a small angle of yaw of the
model owing to a slight misalignment of its supporting
arm. The average range of stable autorotation is in
good agreement, falling within 1° of the test results
from the horizontal tunne]. _

Figure 6 shows the relation of the results when the
wing was yawed 10°. The rates and ranges of stable
autorotation are again found to be in good agreement,
although the angle of self-starting autorotation is about
2° lower for the tests in the vertical tunnel. This dis-
crepancy, however, may have been due to the method

of determining the point at which autorotation became |

self-starting in the fests made in the horizontal tunnel,

Figure 7 shows the effect of changing the air speed,
or Reynolds Number, on the rates and ranges of stable
autorotation for the zero yaw condition. It is found
that the curves are similar in shape, but that maximum

b . C1 . . z
values of .,2‘7 increase with increasing tunnel air speed..
-

Ranges of stable sutorotation are also affected some-
what, but not in & clearly defined manner. For a yaw
of 10° (fig. 8), it can be seen that, as the air speed is

increased, the values of g%b,and also the ranges of stable
autorotation are increased.
Curves of rolling moment coefficient C\ versus ;)%—l/)-

are given in Figures 9a, 9b, 10a, and 10b for several
angles of attack. The results of teste in both tunnels
are plotted. Figures 9a and 9b are for the zero yaw
condition. The agreement is fairly good except-for
angles in the vicinity of maximum lift, i. e., 16° and 18°.
Some of the curves obtained in the horizontal tunnel
are not shown in their entirety, as the apparatus at
that time did not permit of stable operation at the
omitted portions. Figures 10s and 10b show the com-
parisons of the results from both tunnels when the
model was yawed 10°. Here the agreement is found to
be good throughout the range covered by the tests in
both tunnels.
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CONCLUSIONS

1. The vertical type of tunnel is well adapted to
meking all ordinary wind-tunnel tests, but is espe-
cially useful for studying the factors affecting the spin-
ning of airplanes, owing to the ease of mounting models
and measuring apparatus.

2. Satisfactory air flow has been attained in the
new tunnel with a velocity over the jet uniform to
within + 0.5 per cent, and a flow parallel to the center
line to within about 1°. The turbulence present in the
air stream as determined by sphere drag tests may be

‘denoted by the characteristic number 180,000.

8. The results of stable autorotation and of rolling-
moment tests from the vertical tunnel are in good
agreement with the results of similar tests from the
5-foot horizontal tunnel.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NarioNan Apvisory COMMITTEE FOR
- AERONATUTICS,
LaneLey Fiewp, Va., February 9, 1931.
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