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SUMMARY

A description is presented of the Langley two-dimensional
low-turbulence pressure tunnel and a history is given of the work
done at the Lesngley Memorial Aeronautical Laboratory which led to
the achlevement of a recmarkably low level of turbulence in the
air otream of this wind tunnel. The types of investigetions to
which the tunnel is suited and the methocds of obtaining and
correcting data are alsc discuseed.

INTRODUCTION

Prior to the construction of the Langley two-dimensional
low-turbulence pressure tunnel, the largest amount of comparable
airfoil data was obtained from tests in the NACA variable-
density tunnel at & test Reynolds number of approximately

3% 106. The turbulence level of the NACA variable-density
tunnel was quite high as indicated by the low value of critical
Reynolds number for a sphere (150,000). Although the effective
Reynolds number concept appeared to be valid for some types of
airfoill sections with regard to maximum 1lift, 1t did not appear
to give satisfactory corrections for drag coefficients measured
in a turbulent air stream. (See reference 1.)

An investigation of tapered wings by Anderson (reference 2)
indicated that the characteristics of wings of usual plan form
could be satisfactorily computed from the aercdynsmic characteristics
of the component airfoil esections. It seemed desirable, therefore,
to design a tunnel esvecislly for testing airfcil sections and
capable of obtaining data at Reynolds numbers et least as high as
would be reached by any alrplane likely to be designed in the near
future. Such conslderations led to the design and construction
of the Langley two~dimensional low-turbulence.pressure tunnel.
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Characteristics particularly desired for this tunnel were
full-scale Reynolds numbers, extremely low air-stream turbulence,
and convenient model size. Full-scele Reynolds numbers are
obtained with moderate amounts of pewer by compressing the air
in the wind tunnel to increase its density and by mounting models
sc that the test section is completely spanned. Increasing the
density of the air to 10 times its normal valuve gives & corre-
soonding increase in Reynolds number since there 1s essentially
no change in absolute viscosity due to change in pressure in this
range of pressures. Mounting models so that the test section ig
completely spanned allows the Reynolds number to bs increased by
making possible a much larger ratio of model size to tunnel cross
section since the air flow acte only in two dimensions and cross
flows around the ends of the span are prevented. Mounting the
models in this manner is also advantageous in tests of section
characteristics since the difficulties associated with aspect
ratio and tare corrections are eliminated.

Low turbulence was made nossible by using a large area
reduction between the entrance cone and the test section and
by the intrcduction of a number of fins-wire small mesh screens
in the entrance cone.

The sizes of the models, varying from approximately 24 inches
to 100 inches, are small enough tc permit then to be easily
handled without the aid of auxiliary hoists,yet large enough that
maintaining adequate model accuracy ies not too difficult.

Ackncwledgement is gratefully expressed for the expert
guidance and many original contributions of Mr. Bastman N. Jacobs,
who supervised the design of the tunnel and the devslopment of
many of the expgrimental techniques.

SYMBOLS
A area of individual integrating menometer tube
8 airfoil mean line designation, fraction of chord from

leading edge over which design load is uniform; also in
derivation of egquation for Integreting mancmeter,
height of 1liquid in manometer when same pressure

ig applied to all tubes

B dimensionless constant determining width of waks
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in derivation of integrating manometer equation, height of
liquid in integrating tube when pressure distribution is
applied to manometer and reference pressure is applied
to integrating tube and reference tubes

chord

gsection drag coefficient

gection drag coefficient uncorrected for tunnel-wall
effects

gection drag coefficient measured in tunnel
section 1ift coefficient

gection lift coefficient uncorrected for tunnel-wall
effects

section 1ift coefficient measured in tunnel
design section 1lift coefficient
moment coefficient about quarter-chord point

moment coefficient about quarter-chord point measured in
tunnel

average of veloclty readings of orifices on floor and
celling used to measure blocking at high 1lifts

average value of F 1in low-1lift range
celibration factor for measured tunnel static pressure
free-stream total pressure

total pressure in wake

a5

H, - H
coefficient of loss of total pressure in waie e

tunnel height

.i height of liquid in any individual tube when pressure
distribution is applied to manometer
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in derivetion of integrating manometer equation,
ratio of combined area of tubes connected to
reference pressure toc area of a tube connscted
to an individual orifice

length over which pressure measurements are made

distance betweon uniformly spaced pressure orifices

Mach nunber

number of individual tubes in integrating manometer or
individual pressure orifices

esultant pressure coefficient, difference bstwsen
local upper-surface end lower-surface pressure
coefficients

locael pressure on airfoil surface

static pressure et any point on tunnel floor within
Jength -~ L

static pressure at any p 1nt on tunnel ceiling within
length L

static pressure in wake
pressure applied to individval mandmeter tube -
reference pressurs

free-stream dynamic pressure at position of turbulencs-
reducing screens

free-stream dynamic pressure in test section

free-stream dynamic pressure in teét gection uncorrected
for tunnel wall effects

Reynolds number (:1§\
v/

4C

boundary -layer Reynolds numbsr (57

HQ"__D

%%

Pressure coefficient

H -~
static-pressure coefficient in walke (*O--v--p-‘i

N g
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T

n

free-stream velocity
increment in free-stream velocity due to blocking
corrected indicated tunnel velocity
tunnel velocity measured by static-pressure orifices
velocity at any point on surface of airfoil
distance along airfoil chord or center line of tunnel
variable of integration (?%%>
N
distance perpendiculer to stream direction
spacing of total-pressure tubes in rake
ordinate of symmetrical thiclmess distribution

distance perpendiculaer to stream directicn from position
of  Hemax

slope of surface of symmetrical thickness distribution
angle of zero 1lift
sectlion angle of attack corrected for tunnel-wall effects

section angle of attack measured in tunnel -

op difference in manometer readings used to measure tunnel

dynamic pressure (o' = Apgppfgp)

distance normal to a surface from surface to point in
bovndary layer where dynamic pressure is one-half its
local value outside boundary layer

ratio of measured 1lift to actuel lift for any type of 1lift
distribution

n-factor for additional-type loading
n-factor for basic mean-line loading

n-factor applying to a point vortex
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A component of blocking factor dependent on shane of body

kinematic viscosity

3 quantity uweed for correcting effect of body upon wvelocity
measured by static-pressure orifices

o) density of manometer liquid

(o] component of blocking factor dependent on size of body

HISTORY OF DEVELOPMENT
Description of the Langley Two-Dimensional

Low-Turbulence Tunnel

Because the shape of the air passages of the proposed pressure
tunnel were uwnusual, and because of the fact that the means
proposed for obtaining low turbulence had never been checked at
high Reynolds numbers, it was desirable to build a model of the
proposed tunnel to study its flow characteristics and to develop
means for producing a satisfactory air stresm. The Reynolds
number of tests in such a model tunnel had to be at least as
high as those in the lower range of flight Reynolds numbers in
order to obtain a reliable indication of the effective turbulence
level. A full-size model of the proposed tunnel, designed
to operate only at stmospheric pressure, was therefore built.
This tunnel is called the Langley two-dimensional low-turbulence
tunnel.

This tunnel was completed in April 1938. It was originally
designated the NACA ice tunnel because of the incorporation of
refrigerating equipment in the design to permlt icing experiments.
The tunnel is of closed throat type, built of wood with a sheet
steel lining. Because of the contemplated icing experiments, it
was heavily insulated on the outside. Figure 1 shows the shave
of the air passages of thisg tunnel. The test section is rectangular

in shapé, 7% feet high,and 3 feet wide, and was designed so that

mcdels could be tested completely spanning the 3-foot width. The
test section is 7% feet long but models having chords as large

as 100 inches have heen tested. Power sunplied by a 200-horsepower
direct-current motor provides a maximum speed of about 155 miles
per hour with a dynamic pressure of about 60 pounds per square foot.
These conditions give a maximum Reynolds number of about 1.k x 106
per foot of model chord.
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Surveys of the air stream of the test section showed a variation
in static and dynamic pressure of less than 0.25 percent of the i
dynamic pressure in the vregion normally occupied by the model. The
angulai variation of the air-stream direction in the same region
vas less than 0.2°., The variation in static pressure longitudinally
over the length of the test section was 0.5 percent with a
variation of cnly 0.25 percent over a 2-foot length at the model

~mounting point. Uniformity of the pressure gradient in a longi-

tudinal direction was obtained by adjusting slots in the verticel
walls of the test section to allew eir to bleed out. A positive
pressure is built up in the test section to accomplish this
bleeding by means of a blower which discharges air into the tunnel
through an annular slot downstream of the test section.

Boundary-layer control of the short exit cone of this tunnel,
an unusual feature, 1e accomplished by meens of two annular elots
as shown in figure 1. Air from the boundary layer of the exit
cone 18 sucked into the upstream slot by means of a.45-horsepover
blower and 1s discharged into the tunnel with increased velocity
through the dowvnstreem slot.

Previous experience with the Lengley smoke-flow tunnel .
indicated that turbulerice could be reduced by the use of a large
area reduction through the entrance cone and dense ecreens in
the large sectlion shead of the entrance cone. Thils experience
was used in the design of the Langley two-dimensional.low-
turbuience tunnel. The section of the tunnel immediately shead
of the entrance cone was made 21 feect sguare, which glves an
ares reduction of about 19.6 to 1 between this section and the
test section. In this large section a honeycomd made with 9-inch-
square cells was installed. On the upstream side, the honeycomb
wags covered with a 30-mesh standard wire screen, amd on the
downstream side with a 60-mesh screen made of 0.0065-inch-dlameter
wire. The honeycomb was made up of nine sections, each 7 feet
gquare. The unusually repid expansion of the tunnsel air passage
immediately upstream of the honeycomb screens considerably
reduced the length of the air passage. Such a rapid expansion
is permissible because the dynamic pressure of the air stream
at this point is relatively low and any unevennese of flow is
smoothed out by the high pressure drop of the honeycomb screens.

The first airfoil tests were made on a low-drag type of .
alrfoil section, and the measured drag coefficient was 0.0030,
about 50 percent less than had previously been measured on an
airfoll of comparable thicknecass. This test was cerried out in
June 1938. Comparison of this drag coefficient with the laminar
and turbulent skin-friction curves showed that -the flow over the
airfoil was laminar over more than half the surface. Comparison
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of other airfoil teet results with those obtained in flight also
indiceted that a very low turbulence level had been achieved. It
was not considered probable, however, that the desired effective
zero turbulence level, that is, a level at which the air-stream
turbulence would have a vanishing effect upon boundary-layer
transition, had been reached. Under favorable conditions, boundary-
layer Reynolds numbers, Rg, of about 5000 were measured in the
tunnel for some airfoils compared with Ry of 7500 to 9000
obtained in flight. (See reference 3.)

Turbulence measurements made in January 1940 with a
National Bureau of Standards hot-wire anemometer also indicated
that the ailr stream had a reasonably low turbulence level compared
with other wind tunnels. The horizontal turbulence components,
which are of the same order of magnitude as the vertical and
longitudinal components, are plotted against Reynolds number in
figure 2 and against spanwise position in figure 3. The spanwise
survey indicated that large variations in the turbulence level
were present at polnts corresponding +to the relative positions
of the joints between the T-foot sections of the honeycomb
upstream.

Turbulence measurements obtained by comparison of the
critical Reynolds numbers of spheres were not made in the
Langley two-dimensional low-turbulence tunnel. Previous com-
parative tests of spheres in the Langley 8-foot high-speed
tunnel (reference 4) and in free air (reference 5) gave about
the same results. Since tests of the NACA 0012 airfoil in the
Langley R-foot high-speed tunnel (reference 6) and in the
Langley two-dimensional low-turbulence tunnel (reference 7)
indicated a lower turbulence level in the latter tunnel, it was
concluded that the general level of turbulence was too low
for the sphere tests to give significant results.

Investigation to Reduce Turbulence Level

The results of turbulence surveys and comparative tests in
the Langley two-dimensional low-turbulence tunnel and in flight
clearly showed the desirability of further reduction of the
turbulence level of the tunnel. The turbulence surveys also
showed the necessity of eliminating, insofar as possible, the
effects of any Joints and supports of the screen. This result
was believed to be obtainable by the proper installation of a
number of additional screens.

Preliminary consideration of the physical factors involved
suggested the likelihood that for a given pressure drop & number




NACA TN No. 1283

of screens placed one behind the other would be more effective in
reducing the turbulence level than a single screen to produce the
given pressure drop. (This reasoning was later substentiated by
a more detailed investigation by Dryden and his collaborators who
were also working on the problem of turbulence reduction at about
the same time at the National Bureau of Stendards.) The realiza-
tion that some defects might be present in any screen installation
led to the suggestion that & number of screens, each with a
pressure drop of about one g, would be a good compromise.(where
q 1s the dynamic pressure of the air stream at the screens).

In a screen instellation with such a pressure drop, the effects
of the wake of a plugged spot would be expected to be about the
same as the effects of the jet of an open spot. :

Experiments were conducted during the latter part of 1939
in the Langley smoke-flow tunnel to obtain data that might be
used in the design of an improved screen installation for the
Langley two-dimensional low-turbulence tunnel. Screen models
were mounted in the test ssction of the smoke-flow tunnel and
visual observations were made of the smoke flow through the screen.
Screens having a pressure drop of the order of one q were .
observed to have a marked effect on breaking up large eddies and
to reduce markedly the magnitude of the fluctuating velocities
agsoclated with each eddy. With a 2-mesh screen having a wire
diameter of 0.1 inch, it was found that when the speed exceeded -
aporoximately 3 feet per second, the nature of the flow through
the screen changed. Although the turbulence associated with
large eddies was broken up, small-scale eddies were introduced
by the wires themselves. Below this critical speed the flow
appeared to be of the viscous type and no small eddies were
observed.

On the basis of these experiments, consideration was given -
to the size of wire for the screens that were to be installed in
the langley two-dimensional low-turbulence tumnel in order that
the Reynolds number for viscous flow might not be exceesded at the
highest tunnel speed and thus turbulence from the wires them-
selves might be avolded. A wire size of 0.0065 was found to be
suitable and, in order to obtain the desired pressure drop of one
9, & 30-mesh screen with this wire diameter was selected.

Information published by Taylor on the decay of turbulence
behind screens (reference 8) indicated that a spacing between
the screens of approximately 100 times the length of one screen
mesh would be more effective than closer spacing, go that, if
turbulence were produced by any screen, this turbulence would
have a chance to dle out before reacnlng the next screen. The
number of screens needed was indefinite, and the final level of
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turbulonce seemed to be determined by the emount of turbulence.
introduced by the last screen. Great care was therefore believed
necessary in the fabrication and installation of the screens.

The screen wire was made of phosphor bronze and was woven
in strips 7 feet wide with a special selvage as shown in figure h(a).
Three strips were sewed together with 0.0065-inch diameter wire,
the gtrand of wire through each mesh at the selvage belng care-
fully looped in such a manner that there was no overlapping of the
strips and a joint was produced which presented minimum discontinuity.
Brass strips were fastened around the four gsides of the completed
screen panel and the assembly was hung in place in the tunnel on
springs, spaced 1 foot apart, attached to the brass-edge strips
through cables and turnbuckles. Enough tension was put in the
springs to hold the screen taut but not to allow the stress
produced in the wires of the screen by the air stream and by
tunnel expansion to be too high.  Seven layers of screens,
spaced 3 inches, were installed in the large section of the tunnel
dowvnstream of the honeycomb. Figure 4(b) shows schematically a
section of one edge of the screen and the baffles which direct
the air stream through the screens. The installation was com-
pleted in October 1940.

Turbulence measurements were again made with the National
Bureau of Standards hot-wire apparatus in January 1941. The
results, as chown in figures 2 and 3, indicated that the level
of turbulence had been reduced to the order of one-tonth that of
the turbulence level before the screen installation (to about
0.01 to 0.02 percent of free-stream velocity). The large spanwise
variation formerly caused by the Joints in the honeycomb was
now seen to be very small. A gradual rise in the turbulence
level with increased tunnel speed was found. This gradual rise
in turbulence level might be influenced by an increase in noise
level with increase in propeller specd. It may be pointed out
that the turbulence level measured was so low that it approached
the limit of accuracy of the apparatus.

Figure 5 shows the results of drag surveys on the
NACA 67-215 airfoil section before and after the installation
of the turbulence-reducing screens. The Reynolds number at
which the drag began to rise with increasing Reynolds number
showed a marked increase after the screens were installed.
Since model conditions were the same for both tests, this
increase indicates that the reduction in turbulence level was
sufficient to affect the drag appreciably.

Information and experience obtained from work on the
Langley two-dimensional low-turbulence tunnel proved invaluable
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in the design and operation of the Langley two-dimensional low-
turbulence pressure tunnel and was undoubtedly a large factor .in
the success of the latter tunnel.

TEE LANGLEY TWO-DIMENSIONAL LOW-TURBULENCE
PRESSURE TUNNEL

Description

Size and renge of pressures.- The Langley two-dimensional
low-turbulence pressure tunnel is a single-return closed-throat
tunnel, the general arrangement of which is shown in figures 6
end 7. The tunnel is constructed of heavy steel plate sc that
the pressure of the air may be varied from approximately full
vacuum to 10 atmospheres absolute, thereby giving a wide range
of air densities. Reciprocating compressors with a capacity of
1200 cubic feet of free air per minute provide compressed air.
Since the tunnel shell has a volume of about 93,000 cubic feet,
a compression rate of aporoximately one aimosphere per hour is
obtained. The tunnel has not been operated at pressures less
than atmospheric.

The test section is rectangular in shape, 3 feet wide,
7% feet high, and 7% feet long. Figure 8 is a view of the test

section looking downstream. The air stream enters the test
section through a relatively short entrance cone from a large
sauare section giving a contraction ratio of 17640 %

The over-all size of the wind-tunnel shell is about
146 feet long and 58 feet wide with a maximum diameter of
26 feet. The test section and entrance and exit cones are
surrounded by a 22-foot diameter section of the shell to
provide a space to house much of the essential equlpment.
This space is called the test chamber. Figure 9 shows a view
of the interior of the test chamber.

Curved turns at the ends of this tunnel are used instead
of the conventional right angle corners to minimize the stress
concentrations associated with the high air pressures used. The
uge of continuous splitter vanes instead of guide vanes, in the
large turn as shown in figure 7(b), was also for structural
reasons rather than aserodynamic.
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An air lock is provided to allow access to the test chamber
and test section when the tummel is at pressures other than
atmospheric. Use of the air lock by operating personnel is
limited to pressures of not over 4 atmospheres absolute.

The wind tunnel is anchored at one centrally located point
and is supported at other points by flexible columns and sliding
shoes in order to allow for movement due to temperature and
pressure stresses.

Previous experience in the Langlev smoke-flow tunnel had
indicated that convective currents caused by unequal heating of
various parts of the air stream could introduce appreciable amounts
of turbulence. A sun shade was therefore provided over the top of
the tunnel shell to reduce the differences in temperature between
the upper and lower parts of the air stream due to solar heating
of the upper part of the shell.

Drive and control system.- The air stream of the Langley two-
dimensional low-turbulence pressure tunnel is driven by a 20-blade
aluminum-alloy propeller having a diameter of 13 fest. Counter-
vanes directly downstream of the .propeller are provided to remove
the twist from the air stream. The pitch of the propeller blades
and the angle of the countervanes are adjustable, but no change
in setting is necessary for the present operating range because
the motor develops approximately full power over & 2 to 1 speed -
range. The propeller hub is enclosed by a 5-foot~diameter fairing.
The propeller shaft extends through & packing gland in the tunnel
shell and is connected to the motor located in an adjoining
building. ’

The drive motor is a 2000-horsepower separately excited
direct-current motor. Power is supplied to the drive motor from
a motor generator set. The field circuits of both the motor
and the generator are equipped with vacuum-tube voltage regulators
to minimize fluctuations in speed. Speed can be easily controlled
throughout the entire range from idling speed to 600 rpm by
verying the generator voltage and the motor field by manual move-
ment of rheostats in the regulator-control circuit.

Tunnel speed is measured on a manometer in terms of the
uncorrected dynamic pressure q,' of the air stream in the test
sectlon. An indication of the value of gq,' i1s obtained from
the difference between the pressures on an impact (total pressure)
tube located in the large section of the tunnel ahead of the
entrance cone and the static pressure on static orifices located
a short distance upstream of the test section. Both the total-
Pressure tube and the static-pressure orifices were calibrated
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against & standardized wind-tunnel calibrating pitot-static tube
mounted in the tunnsl test section. TFactors with which to correct
the measured total pressure and static pressures wers thus
obtained . The dynamic-pressure, Reynolds number, and Mach number
range of the tunnel for various tank pressures are shown in p
figure 10.

Screen installation.- A screen ingtallation patterned after
the previously_described screen installation in the Langley two-
dimensional low-turbulence tunnel was made in the new pressire
tunnel. (See fig. 11.) Eleven screens were installed, however,
instead of eseven and the susvension springs and fastenings were
made considersbly stronger to withstand the higher loads. It wes
not pogsible, with a practical screen installation, to keep the
Reynolde number of the flow around the wires of the screen below

the critical value for viscous flow throuchout the entire

operating renge of this turmel. The wire size used (0.0065-1inch
dismeter), however, allowed the tunnel to be operated below the

© critical Reynolds number of the wires up to a model Reynolds

number of about 5.5 X 106 per foot of model chord. (See fig 10.)
Upstream of the eleven 30-mech screens, a €0-mesh screen wag
instelled on a fresmework which supvorte the cooling coils i
described in the next section.

Turbulence measurements were made in Angust 1941 with the
Naticnal Bureau of Standards hot-wire anemcmeter and typical
results are shown in figure 2.

Croling installation.- A finned cooling coil 19 located in
the large section of the tunnel immediately uvpstream of the
60-mesh screen to control the temperature of the air stream.
This coeling coil, which 1s 5 inches thick and covers the whole
area of the air cstream, contains a double row of copper tubes
through which water from -a .cooling tower ig passed at the rate
of 1000 gallons mer minute. In order to give a nearly uniform
coolinz distribution, the water enters some of the tubes from
the top and others from the bottom. The coil is of adequate
cepacity to remove all the heat put intc the air stream during

full-pover operation after a moderate rise in air-stream temperature .

In order to prevent extremely high humidity when the air in
the tunnel is compressed, dehumidification of the air is necessery.
This vesult is accomplished by a refrigeration unit in the test
chamber containing coils for Freon-12 and water. Air from the
tvnnel is circulated through the refrigeration coils by a blower,
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and the condensed moisture flows out of the tunnel through a
drain trap. A relative humidity of about 50 percent is usually
maintained.

The refrigeration unit also provides necessary cooling of
the test chamber when the operating personnel are working inside.
Additional coils for Freon-12, operating from the same refrigera-
tion compressor as the coils in the test chamber, are installed
in the air lock to provide cooling for personnel making entries
into compressed air.

Blowsr equipment.- Auxiliary blower equipment consisting of
three multistage centrifugal blowers, each driven by a 100-horsepower
shunt-wound direct-current motor, is installed inside the tunnel
test chamber. Fach blower has a maximum capacity of 3950 cubic feet
per minute with a pressure rise of 3.5 pounds per square inch at
atmospheric pressure and a maximum capacity of 1720 cubic feet per
minute with an 8.0-pound-per-square-inch pressure rise at
10 atmospheres.

The blower duct system 1s interconnected so that flexibility
in the use of the blowers in tunnel operation 1ls obtained. ZEither
one or two of the blowers is used for boundary-layer control of
the test-section wall and for control of the test-section
longitudinal static-pressure gradient in a manner similar to
that previously described for the test section of the Langley two-
dimensional low-turbulence tunnel. The remaining blower or
blowers are used for tests requiring an external air supply.

Model sizes.- Models tested in the Langley two-dimensional
low-turbulence pressure tunnel usually completely span the 3-foot-
wide test section. Chords of these models have ranged from 6
to 100 inches. In general, however, two ranges of chord size
are used, namely, 2k-inch chord (fig. 12) for standard 1ift,
drag, and pitching-moment characteristics, and large-chord (70 to
90 inch) practical-construction models (fig. 13) for drag measure-
ments over a small angular range near design 1ift. Model chords
for the determination of maximum lift coefficients have been
limited to 36 inches because of the effect of the tunnel walls
on the pressure distributions of large models at high 1ift
coefficients.

Methods of mounting models.- For almost all tests except
those in which pitching moments are to be obtained, models are
locked to the angle-of-attack mechanism and completely span the
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tunnel test section with the ends of the model sealsd to prevent
air leskage. When pitching moments are to be obtained in the
tegt, the model is mounted on a pitching-moment balance which is
descrlbed in a subsequent section entlcled "Porque Balance for
Moments." ) .

Types of investigations to which tumnel is sulted.- :The
Langley two-dimensionsl low-turbulsnce pressure tunnel, with
the present.equipment, is particularly sulted for investigation
of the effects of the basic variables of shape, .camber; and =
surface condition on airfoil, flap, and control-surface charac-
teristics at Reynolds numbers in or near the flight range of
modern airplanes. These basic variables can be gtudied and
evalvated from two-dimensional-flow data, which simplifies the
problems to a great extent, because many complicating factors
entering the three-dimensional tests are eliminated. Investiga-
tions ere made with relatively inexpensive models of a size
convenient for handling, and the resulis of the tests are
quickly obtained with only a emall amount of computation.
Typical models are shown in figures 12, 13, and 1h.

Investigaetions to find the aerodynamic characterigtics of
airfoils with air intakes and exits (fig. 15) or with boundary-
laeyer control slots (fig. 15) cen be easily made, and the wing-
body interference effects of nacelles, Iusola;es, propellers,
jets, and protuberances (fig. 17) can bu determined at relatively
high Reynolds numbers with models of a convenient size.

Methods of Mesasurement

A large part of the following discussion of methods of
measurement is teken from the appendix of reference 9, which
was written by M. M. Klein.

The 1ift and drag characteristics of airfoils tested in
the Langley two-dimensional low-turbulence pressure -tunnel are
usually measured by methods not requiring the uwse of balanceg. The
lift is evaluvated from a measuremsnt of pressure reactions on
the floor and ceiling of the tunnsl. The drag is obtained Irom
measurenents of static and total pressures in the wake of the
airfoil. Moments are usually measured by a balance. These
methods of measuring the orces on'the model have the advantage
that data can be easily reduced and tare corrvections in the
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usual sense, that is, forces acting on the model supports are
eliminated.

Measurement of 1lift.- The 1ift carried by the airfoil
induces an equal and opposite reaction upon the floor and
ceiling of the tunnel. The 1ift may thereforo bde obtained by
integrating the pressure distribution along the floor and
ceiling of the tunnel. This integration is made automatically
with an integrating manometer described subsequently herein.
Theoretically, the pressure field about the airfoil extends to
infinity in both the upstreem and downstream directions. All
the 1ift 1s therefore not included in the finite length in the
vicinity of the test section over which the integration is
verformed. The orifices in the floor and ceiling in the
Langley two-dimensional low-turbulence pressure tunnel extend
over a length of approximately 13 feet. The ratio of the measured
1ift to the actuval 1lift for any 1lift distribution has been
calculated theoretically. The calculation was made by finding
the ratio of the measured 1ift to the actual 1ift of a two-
dimensional point vortex situated at any position along the
center line of the tunnel. A plot of this ratio 15 against

position in the tunnel is given in figure 18. The ratio of
the measured 1ift to the actual 1ift for any 1ift distridbution ¢
is found by determining the weighted average nyx over the

chord of the model over the floor of the tunnel as follows:

Ppn.d(%)
‘Z;ord s W

P.a(%)
‘Z;ord . (C

where BR is the resultant pressure coefficient. The values

of n, and n, for the Langle& two~-dimensional low-turbulence
pressure tunnel are given in the following table where 1, 1s

the n factor corresponding to the basic mean line load and
Ng 18 the n factor for the additional type of load as given

by thin-airfoil theory. The basic mean-line load of the airfoil
is designated by the symbol .a which denotes the fraction of the
chord from the leading ecdge over which the design load is
uniform (reference 9). :

n =
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VALUES OF n, AND 17, FOR LANGLEY TWO-DIMENSIONAL

LOW-TURBUENCE PRESSURE TUNNEL

g, T% |
0.5 1.0 2.0 4.0 6.0 8.0
: |
v
0 0.9320 | 0.9323 ! 0.9322 [0.9302 10.9251 | 0.9165
1 9320 | .9323| .9323 | .9303 | .9253{ .9168
A 93211 .932h| .9325 9306 | .9258 | .9173
53 9322 | .9325 .9328 | .9310 0262 § .0177
A 9323 | .9327¢ .9330 | .9315 | .9266 | .9177
9 9324 | .93291 .9333 | .9318 | .9267| .9172
.6 93251 .9331| .9336 | .9320 | .9264 | .9160
] 9326 | .0333 | .9339 | .9322 | .9258 | .91ko
.8 93271 .9335} .9342 | .9321 | .9247 | .9109
.9 93281 .93374 .9345 | .9318 | .9231| .9066
1.0 .9330 | .9339] .9347 | .031k | .9209] .9010
g
------ 0.9311 { 0.9307 | 0.9296 {0.9254 [0.9179 | 0.9068

The 11ft coefficient of the model in the tunnel uncorrected
for blocking cz' is given in torms of the 1lift coefficient
measured in the tunnel 03, and the design 1ift coefficient of

the airfoil 14 by the following equation:

' b .
e

Inasmuch as =ny does not differ much from Mgy 1t is not

neceasary that the basic load or the design 1lift coefficient be
known with great accuracy.

Becavse of tunnel-wall and other effects, the 1ift dietribution
over the airfoil in the tunnel does not agree exactly with the
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asgumed 1ift distribution, but because of the small variation of
n with 1ift distribution, errors caused by this effect are
considered negligible. Errors caused by neglecting the effect
of airfoil thickness on the distribution of the 1ift reaction
along the tunnel walls can alsgo be shown to be small.

‘Measurement of drag.- The drag of an alrfoil may be obtained
from observations of the pressures in the wake (reference 10).
An approximation tc the drag is given by the loss in total pressure
of the air in the wake of the airfoil. The loss of total pressure
1s measured by a rake of total-pressure tubes in the wake. The
rake used in the Langley two-dimocnsional low-turbulence pressure
tunnel is shown schematically in figure 19 and the survey
apparatus for moving the rrike in figure 20. When the total
pressures in front of the airfoil and in the wake are represented
by H, and I, respectlively, the drag coefficlent Cdm obtained

from loss of total pressure is

f dy
(¢} = i O Wt
I " ke °

where
o B -1,
HC coefficient of loss of total pressure in the wake iy v

. distance perpendicular to stream direction from position
of H,
max

If the static pressure In the wake 1s represented by By
the true drag coefficient uncorrected for blocking cd may
be shown to be (refersnce 10)

ol i ty
Pak Bt i oE -, 1 ( y1 - B,

H, - P
where S, 1s the statlc-pressurc coefflcient in the weke (:il—-ilé)

The assumption is made that tho variation of total pressurs
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across the wake can be represented by a normal probability curve.

The drag coefficient cd’ ‘g then easily obtainable from measure-
ments of cg, by meesns of a factor K, the ratio of ey’ %0
Cqms Wwhich depends only on S, eand the maximum value of  H,. If

the maximum value of H, 1s represented by Hcmax, the equation
of the normal protability curve is :

wvhere B 18 a dimensionless constant that determines the width

; g 4 B
of the wake. If a convenlent variable of integration Y = _%H is
used, the ratio K 1is

3 1
C.
Bie oo

C r
J_T

. et
R S eI Hc(l Vi L

Cmax -

and is independent of the width of the wake. The quantity K
has besn evaluated for various valueg of HC and Sw- by
max
assuming S, to be constant across the wake. The drag coefficient
cq' may thus be obtained from tunnel measurements of ch, . S
max
and S,. A plot of X as a function of H, with S, as a
mex
persmeter is glven in Tigure 21. A parallel treatment of this
problem is gilven in reference 11.

Torque balance for moments.- Pitching moments are measured
in the Tangley two-dimensional low-turbuvlence pressuvre tunnel by
mounting the model on a torque-rod balance. This balance is
shown schematically in figure 22. Deflection of the torque rod
is amplified and indicated by a dial gage which is read by the
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operators. The moment corresponding to the observed deflection of
the dial gage is obtained irom a calibration curve.

Calibration of the balance was mede by hanging weights on an
erm of known length attached to a stiff bar which was mounted on
the balence in place of the model. The balance was calibrated for
a range of moments from sbout 235 foot-pounds in the direction of
positive airfoil pitching moments to 650 foot-pounds in the negative
direction. A corresponding calibration curve was cbtained for
angular deflection of the balance so that the angle of attack of
the model can be corrected. :

Since it is necessary to mount the models with the ends clear
of the tunnel wells, a method of sealing the gaps is necessary.
For this purpose, rubber seals are attached to the ends of the
model as shown in figure 23. These seals are inflated with air
to seal the gaps when moment readings are teken and deflated when
the angle of attack is changed. Negligible errors in moment
readings result from the use of the rubber seals since a large
rert of the deflection of the torque rod occurs before the seals
ere inflated; and after the seals are inflated, any additional
deflection resulting from a change in morent due to sealing the
ends of the model causes a rolling action of the seals, which
offers very little resistance to small movements.

Principles of integrating menometers.- Integrating manomsters

ere used in both of the Langley two-dimensional low-turbulence tunnels

to measure 1ift and drag. In the case of the drag measurements,
the integrating manometer gives an indication of the integral
1

/ (HO - B;) dy, a first aporoximation to the drag,
Uwake

where

Hy <{ree-stream total pressure

H,; total pressure indicated by individual tube in wake

In the case of the 1ift measwrenents, two integrating menometers
are used to evaluate the following integrals:
o)

¢

[ (pr - py) aL
UL

fl
/ = pe ) Gl
L \Bp TR
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where
P. reference preasure

PU static pressure at any point on the ceiling within the
length .1,

Pr, ' gtatic pressure at any point on the floor within the length L

Bach integrating menometer consists of a group of calibrated
tubes having uniform bores of equal diamsters connscted rigidly to
& common menirold and filled with liquid to a convenient level.
Pigure 24 showe the erreng. uent gchematically. - The liquid level
in one tube, called the integrating tube, is read with a micrometer
nlcroscope to obtain a sufficiently accurate reading. This
integrating tube, together with one or more other tubse of the
manometer, is connected to a suitable reference pressure. For the
drag measurements, thig pressure is the free-stream total pressure .
For the 1lift measuremsnts, it is an arbitrary reference pressure.
The values of the aforementioned integraels are obtained by observing
the change in level of the integrating tube that occurs when a
Pressure distribution is applied to the manomster.

The basic relations for the integrating mancmeters may be
derived as follows: ILet

Pr reference pressure
Py 5 y DPressure applied to individval tube
35y =
Al distance between uniformly spaced pressurs orifices
n number of individual tubes in integrating manometer or

individual pressure orifices (tubes not acted upon
by reference pressure)

Ik ratio of combined arsa of tubes connected to reference
pressure to the area of a tube connected to an
individual orifice

A area of individual manometer tube

a height of liquid when same pressure is applied to
all tubes
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o height of liquid in integrating tube when pressure

distribution is applied to manometer and reference
pressurc D, 1is applisd to integrating and reference
tubes

by » 4 height of liguid in eny individual tube when pressure
- distribution is applied

The volume of liquid ebove the level b when a presgsure distributicn
o

is applied to the manometer is equal to = (hy - P)A and the volume
1

of liguid above the level b when the pressure on all tubes is the

pame 18 equal to (n + X)A(s - D). Because the total volume of
liquid in the menometer is consgtant

_}:nL:(hi-b)=(n+k) (o "%}

The deflection of cach individuwal tube (h; - b) is proporticnal
to the pressure difference (Pr - Pi) or p(hi - b)=pp - Py
where p 1is the density of manometer liquid. Hence,

(pp - P1)AL = p(n + k) (a - D)AL

FMls

If the spacing of the individual orifices is sufficiently close,
then for the 1lift integrating manometer

l[ (pp = py) 4L = p(n + k) (a - b) AL
e
or, in the case of the drag mancmeter,

[k (B, - By) dy = p(n + X) (a - ®) &y
axe
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where Ay 1is the spacing of the total pressure tubes in the rake.
The corresponding drag coefficient ¢ is found by dividing thils
integral by the dynamic presasure gq.' “and the cherd of the model 6.
The dynamic pressure gqo' is usualfy found from the deflection

Apgp of another menometer using the same liquid as the integrating
manometer as follows:

i
9o = fgp APgpP

where fgp 1s a calibration factor for Apgp. Hence

Cqm = Bt K) (a_- blay
€ fspApgpe

The relations when the integrating manometers are applied to
the measurement of 1lift may be derived by & similar process.

Tunnel-Wall Corrections

Ag discussed by M. M, Klein in the appendix of reference 9,.in
two-dimensional flow, the tunnel walls may be conveniently considered
a8 having two distinct effects upon the flow over a model in the
tunnel:

(1) An increase in the free-stream velocity in the neighborhood
of the model because of a constriction of the flow

(2) A distortion of the 1ift distribution from the induced
curvature of the flow

The increase in free-stream velocity caused by the tunnel walls
(blocking effect) is obtained from consideration of an infinite
vertical row of images of a symmetrical body as given in reference 12;
the Ilmages represent the effect of the tunnel walls. For cone
venience in tunnel calculations, the expression for AV, the
incremsnt of tunnel velocity caused by blocking, may be written

AUES
=7 Ag
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where
S
7t c

wherein ¢ is model chord and hyp the tunnel height. The factor
depends only on the size of the body. The factor A depends on the

shape of the body. The value of A may be cbtained from the velocity

distribution over the body by the expression

cnl . / Ay - \2
16 v Y x
A=?é §V1+(39 <3

where v 1s the velocity at any point on the surface and dyy/dx
is The slope of the surface at any point at which the ordinate
iS y.'c.

In addition to the errcr caused by blocking, an error exists
in the measured tunnel veloccity because of the interference effects
of the model upcn the velocity indicated by the static-pressure
orifices located in the vertical walls a few feet upstream of the
model and half way between the floor and ceiling. In order to
correct for this error, an analysis wes made of the yelocity
distribution along the streamline half way between the upper and
the lower tunnel walls for Ranline ovals of various sizes and
thickness ratios. The analysis showed that the correction could
be expressed, within the range of conventional-airfoil thiclmess
ratics, as a product of a thiclkness factor given by the blocking
factor A and e factor - which depends upon the size of the
model and the distance from the static-pressure orifices to the
midchord point of the model. The corrected indicated tunnel
velocity V' could then be written

V' = V" (1 + Af)

where V" is the velocity measuvred by the static-pressure orifices.
In ths Langley two-dimensional low-turbulence tunnels, for a nodel
having a chord of 2 feet, the distence from the static-pressure
orifices to the midchord voint of the model is approximately

5.5 feet, and the corresponding valve of £ is approximately 0.002.
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In order to calculate the effect of the tunnel walls upon the
1ift distribution, & comperison is made of the lift distribution of
& glven airfoil in a tunnel and in free air on the basis of thin-
eirfoll theory. It is assumed that the flow conditions in the tunnel
correspond most closely to those In free air when the additional
1lift in the tunnel and in rree air are the same (reference 13).

On this basis, the following corrections are derived (reference 13),
in which the primed quantities refer to the coefficients measured
in the tunmel:

c; =[1-2A(c+ 8) - 0] ¢y’

boe J
. t

B e B)E 4 bl o
o % o oo

; dcl'/dd,o' to

c '

Io) ' i
Cmc/h o (305 Bk (o » g)] cmc/h + 0 —ﬂ~

1]
hocmc/h
T D
de, ' /day’
are usually negligible for 2-foot-chord models in the Langley two-
dinmensional low-turbulence tunnels.

In the foregoing equations, the terms aj 5 cand oc7'/h

O

When the effect of the tunnel walls on the pressure distribu-
tion over the model is small, the wall effect on the drsg is
merely that correspending to an increase in the tunnel speed.

The correction to the drag coefficient is, therefore, given by
the following relation:

cg = [1-2A(0+¢8)] cq' (1)

Similar considerations heve been applied to the development of the
corrections for the prescure distribution in reference 13,
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Equation (1) neglects .he blocking due to the wake, such
blocking being small at low to moderate drags. The effect of &
pressure gradient in the tunnel upon loss of total pressure in the
wake is not easily analyzed but is estimated to be small. The
effect of pressure gradient upon the drag has, therefore, been
disregarded. When the drag is measured by a balance, the effect
of the pressure gradient uvpon the drag is directly additive and a
correction should be applied. For large models, especially at
high lift coefficients, the effect of the tunnel walls is to
distort the pressure distribution appreciebly. Such distortions
of the pressure distribution may cause large changes in the
boundary flow and no adequate corrections to any of the coefficients,
particularly the drag, can be found.

Correction for blocking at high lifts.- So long as the flow
follows the airfoil surface, the foregoing relations account for
the effects of the tunnel walls with sufficient accuracy. When
the flow leaves the surface, the blocking increases because of the
predominant effect of the wake upon the free-stream velocity. Since
the wake effect shows up primarily in the drag, the increase in
blocking would logically be expressed in terms of the drag. The
accurate measurement of drag under these conditions by means of a
rako is impractical because of spanwise movements of low-energy air.
A method of correcting for increased blocking at high angles of
attack without drag measurements has therefore been devised for use
in the Langley two-dimensional low-turbulence tunnels.

Readings to indicate the floor and ceiling velocities are
taken & fow inches ahead of the quarter-chord point and averaged
to remove the effect of 1lif't. This average F, which is a measure
of the effective tumnel velocity, is essentially constant in the
low-lift range. The quantity F/F,, whers F, is the average
of F in the low-lift range, however, shows a variation from
unity in the high-lift range for any airfoil tested at high lifts.
A plot of F/FO against angle of attack a,' for a 2-foot-chord
model of the NACA 6h3-hld airfoil is given in figure 25. The
guantity F/FO is nearly constant for values of a,' up to 129;
but for values of a,' greater than 12°, F/FO increases, and the
increase is particularly noticeable at and over the stall.

A theoretical comparison was made of the blocking factor Ao,
and the velocity measured by the floor and ceiling orifices for a
series of Rankine ovals of various sizes and thickness ratios. The
guarter-chord point of each oval was located at the pivot point,
the usuval position of an airfoil in the tunnsl. The analysis showed
the relation between the blocking factor Lo and the chenge in F
to be unique for chord lengths up to 50 inches in that different
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bodios having the sams blocking factor Ao gave approximately the
seme value of F. For chords up to 50 inches, the relationship is

“-V = 0.5 \F (2)

whore AV/V is the increment in tunnel velocity due to blocking.
The foregoing relation was adcopted to ¢obtain the correction to the
blocking in the range of lifts whoere ﬁ— el -

‘o

Congiderable uncertainty exists rogarding the correct

numerical value of the coefficient occurring in equation (2). If
a row of gsources, rather than the Renkine ovals used in the present
analysis, is considered to represent the effect of the wake, the
valus of the coefficient in equation (2) would be approximately
twice the value used. Foruunately, the correction amounts to
only about 2 percent at maximum 1ift for an extreme condition with
a 2-foot-chord model. Further refinement of this correction has,
therefore, not been attempted.

Comparison with experiment.- A check of the validity of the
tunnel-wall corrections hasg been made in reference 13, which gives
1lift and moment for models having various ratios of chord to
tunnel height, uncorrected and corrected for tunnel-wall effects.
The general agreement of the corrected curves shows that the
method of correcting the 1lifts and moments is valid.

A comparison is made in reference 13 bstween the theoretical
correction factor (equation (1)) and the experimentelly derived
corrections of refercnce 1hk. The theoretical correction factors
were found to be in good agreement with those obtained experimentally.

In order to check the validity of the n-factor, a comparison
has been made of 1lift values obtained from pressure distributions
with those obtained from the integration of the floor and ceiling
pressures in the tunnel. A comparison for two airfoils given in
figure 26 shows that the two methods of measuring lift give results
that are in good agreement. The n-factor has also been checked
by comparison of the 1lift obtained from balance measurements with
the integrating manometer values in figure 27.

Finally, a check has been made of the method of correcting
pressure distributions (reference 13) for NACA 6-series airfoils
of two chord lengths at ze:o angle of attack in figure 28,
which cthe pressure coefficients are plotted against chordwise
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position x/c. The agreement between the corrected pressurse
distributions for both models verifies the method of making the
tunnel -wall corrections.

Typical Results

Standard airfoil characteristics.- Figure 29, which gives
the aerodynamic characteristics of the NACA 6h2~215 airfoil section,
shows the type and range of data obtained in a standard airfoil |
test of & 24-inch-chord model (fig. 12) in the Langley two- |
dimensicnal low-turbulence pressure tunnel. These results are ;
typical of those presented in reference 9 for a large number of
airfoils tested in this wind tunnel.

2
The Reynolds number range of 3 to 9 x 10° was selected for
convenience in testing since these Reynclde numbers can be reached |
with 24-inch chord models at air pressures which are not above the
limit allowed for personnel to enter the tunnel under presgsure o
inspect models. Tesis can also be made more quickly using these
lowsy air mressures. These Reynolds numbers are within the landing
Reynolds numbsr range of many eirplanes, and it is thought that
sufficient indication of the scale effect on the airfoil character-
isitice is obtained for application to larger airplanes.

Since it is realizod that airplanes do not usually operate
with aerodynamically smooth surfacss on the wings, standard
airfoil section characteristice (as shown in fig. 29) are obtained
both with smooth model surfaces and with roughness particles around -
the leading edge to simulate a condition of an airplane wing
surfacse somewhat rougher than that usually caused by manufacturing
irregularities or deterioration in service, but not so rough as ‘
that usually encountercd undsr icing conditions ox through damage \
as in batile. |

Tests of airfoil section models with simulated 600 split
trailing-edge flaps are also included in the standard airfoil
‘characteristics shown in figure 29. t is believed that these \
data will give an indication of the effectiveness of a more
powerful trailing-edge high-lift device although sufficient data
to verify this assumption have not been obtained.

Drag characteristics at high Reynolds numbers.- The \
drag characteristics of a number of models having chords larger i
than 24 inches have boen cbtained in the lLangley two-dimensional
low-turbulonce pressurs tunnel over a limited range of 1ift coeffi-

cient. Figure 30 shows drag data from a typical test of a medium |
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gize model having surfaces which woere smooth and almost frse from
waviness. Tests such as th'.s have teuded to support the belief
that the Reynolds number range covered by standerd airfoil tests
in this wind tunnel is usually sufficient to give an indication
of the variation of some of the airfoil characteristics at higher
Reynolds numbers.

largs chord practical-construction wing sections (fig. 13)
have been tested over a wide range of Reynolds numbers extending
to very high values to determine the drag characteristics in the
angular range near design lift. (See reference 15.) Studies are
wsually mads of the effects of various surface finishes on the
drag characteristics, and attempts are made to improve the charac-
teristics by finishing methods which might be practical for a
manufacturer to use in actual production. Figure 31 shows the
results of tests of a wing secticn of this type with two swrface
conditions.

Comparison with flight measurements.- Several tests have
been made in the langley wo-dimensional low-turbulence pressure
tunnel which indicate rcasonably good agreement between data
obtained in this tunnsl and in flight. Figure 32 gives & com-
parison betweon drag coefficients measured in fiieht and in the
wind tunnel. For the flight measurements, an airfoil ssction
mcdel having a chord of four feet and a span of aboutv six feet
was mounted on an airplens. For the wind-turnsl tests, a part
of this panel was used. Measurements were made at the same
spanwise position for both tests, and surface conditions werec as
nearly the game asg possibls. As shown in figure 32 drag coefficisnts
measured in the wind tunnel, although slightly higher than
those measured in flight, are considered to agree very well in
the range tested.

Al though no direct comparison betwesn airfoil boundary-
layer measurements made in flight and in the Langley two-dimensional
low-turbulence pressure tunnel is available, several tests and
calculations indicate thal airfoil boundary-layer conditions
equivalent to those of flight may be obtained in this wind tunnel
under some conditions. DBoundary-laysr measurements in flight of
a specially built-up test pancl having an airfoil seciion which
would permit extensive laminar boundary layers indicated valuss
of Ry of 7500 to 9000. (See refurence 3.) By use of a
value of R of 9000, drag coefficients were calculated for an
eirfoil tested in this wind tunnel, and the resulie of the
calculations are shown in filgure 31, together with experimental
rosults for the same airfoil. It can be seen that the results
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closely agree. These results seem to indicate that values of Rg
comparable with those obtained in flight existed for this model in
the wind-tunnel test.

More direct comparisons of airfoil characteristics from the
results of flight tests and tests in the Langley two-dimensional
low-turbulence pressure tunnel are difficult to make because of
the complications of different surface conditions and other factors
which influence the airfoil charscteristics to such an extont that
accurate conclusions can not be reached.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va. Janvary 22, 1947
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Spanwise position of measurement, inches from center line

tunnel (speed approximately 100 miles per hour).
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Figure L.~ Details of turbulence-reducing screen installation in the Langley
two-dimensional low-turbulence tunnels.
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Figure 5 .- Drag characteristics of 90-inch chord NACA 67-215 airfoil
section in the Langley two-dimensional low-turbulence tunnel, Cys 0.13(approx.).
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(a) Phantom drawing of the tunnel and related equipment.

Figure 7.- Drawings of the Langley two~-dimensional low-turbulence pressure tunnel.
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Figure 8,-

Airfoil model in the test section of the Langley two-dimensional low-turbulence
pressure tunnel (looking downstream)
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Figure 9.-

Test chamber of the Langley two-dimensional low-turbulence

pressure tunnel,
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NACA TN No. 1283 Fig. 11

Figure 11.- Turbulence-reducing screen installation in the Langley two-
dimensional low-turbulence pressure tunnel, looking upstream toward

upper left-hand corner.
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Figure 12.- Typical 24-inch-chord airfoil-section model tested in the Langley two-
dimensional low-turbulence pressure tunnel.
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Figure 13.- Large-chord practical-construction wing section, without surface finishing,
tested in the Langley two-dimensional low-turbulence pressure tunnel.
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(a) Model with lateral-control and high-lift devices.

Figure 14.- Typical models tested in the Langley two-dimensional low-turbulence tunnels.
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(b) Circular-arc airfoil-section model with leading- and trailing-edge flaps.

Figure 14.- Concluded,

€82T 'ON N.IL VOVN

qpT "3t






NACA LMAL 4002

Figure 15.- Model with leading-edge air intake tested in the Langley two-dimensional low-
turbulence tunnels.
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NACA TN No. 1283

Figure 16.- Model with boundary-layer suction
slot, leading-edge slat, and double-slotted
trailing-edge flap tested in the Langley two-
dimensional low-turbulence tunnels.






Figure 17.-

(a) Model with simulated 20-millimeter cannons installed in the nose.

Models tested in the Langley two-dimensional low-turbulence pressure tunnel to
study interference effects of wing-body combinations.
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Figure 18- Lift efficiency factor g for a point vortex
situated at various positions along the center line of
the tunnel.
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Model

Total pressure tubes

Figure 19.- Schematic drawing of the wake-survey rake used in the Langley two-dimensional
low-turbulence pressure tunnel.
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Figure 20.- Wake-survey-apparatus mechanism used in the Langley two-dimensional low-
turbulence pressure tunnel.
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Counter weights
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Figure 22.- Torque-rod moment balance installed in the Langley two-dimensional
low-turbulence pressure tunnel.
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Figure 23.- Rubber seals attached to ends of model for pitching-moment test in the Langley
two-dimensional low-turbulence pressure tunnel.
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Figure 26+~ Comparison between 1ifts obtained from pressure-distribution
measurements and lifts obtained from reactions on the floor and ceiling

of the tunnele

83T 'ON N.IL VOVN



Section 1litt coefficient,

O3

2.0
1.8 = g:i: ghord 1 uncorrected for blocking
1.6 [ g ?) g:i:‘ :gg;'g corrected for blocking
r 1.6 /// 1
[V o—— v
1.2 e >/,,/< 7
- o 1 A
O I .
L © Balance —_— \
8 @ Integrating manameter . E// k
1.2
. s )
4 — 7 1.0
7 .
° /
.6
- o
i
£
2
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS. ™| NATIONAL ADVISORY
i COMMITTEE FOR AERONAUTICS.
1.2 [ o i
=2} =16 -8 0 8. 16 2y 0 ol o2 &) o4 5 N «d .8 9 1.0
Section angle of attack, a, , deg x/c 2
Figure 27.- Comparision between balance Figure 28.- Comparision between corrected and
measurements and 1ifts obtained from uncorrected pressure distributions for two
reactions on the floor and ceiling of chord sizes of a symmetrical NACA 6-series
the tunnels airfoil of 15-percent thickness. a,=0°.

87°¢.7 *s31a

€827 'ON N.IL. VOVN



248

e i B i i f :
| | FEis | : | 1
2 B i |
—+—1 0.20c simulated split T
4+ flap deflected 60° e :
R | 2|
v 6 x 106 —>/1 ',
14 Standardsroughness o oA\ | |
15 B ke B | hAEREE
i IR };/ "\b § o ] |
= s P e o
5 . =5 i A
. T e 3 _ | ;
i et ] p 1S “,‘ i o 2,8 /\\ i FL
i e : = m b,
- Co o 3, "IN o 3.0 = i e 0
e - - b SEas 5 % 1 A Standard roughness o e
i i ; e | o = e e 74 //k5
e : i i g o NG
g B ht : EEE B G 4\ : / /{/é
3 R N Ealte P ‘
S O R 5 ¥ e TR : 7
i ; } T 6 N P E
Y R 5 ) O LR . © 9.0 x 10 & #
— e o 6.0 - o
58 e I ) O 60 1 /s © 3.0 I o
5 I e i I ! | A Standard roughness - i
SR AR SIRg0L A £ 6.0 x 10 -‘ ERE
L i - 2| ! 7 { a4 | b8 1 (53 ")h E
1o 1 e 11 L] e il e ] .
£ 3 ! ‘ |
L1 | & . SIS O 113 :
+ '1 1y H ! } { | +O — -
3 . ] Y o R : .
{f' B g LR AR e é ﬂmmﬂ&w
i W 1 il = ’
A A T QA o H [ P51 i O e et £ 1 T 1
B—fms2 8 3 Bt =t i ‘
g [ ; 1 LYW/ VQV\ : - ] a.c. position ; ==
2 \ < | 5 R owe  yle |
8- S g - WTW . & 9 x10° .26 =01k H=tas i
L Y \%“ 3 ! qﬁnk' ‘ :* =2 S .26 -.0 e - -
A 5 i 2y II Ll // L y o3 267 =.0L5 i 1 |
fiissd ! ‘ 4 izt ! I
; 0.20c simulated .split v i ' e O
flap deflected 60° |/ £ NATIONAL ADVISORY |
i 1 O v 6 x 106 it  COMMITTEE FoR ARONAUTICS|
£l T | e . : i i
i =2l =1 s o o At I ORI 2 5 =1L 2 'F———v—sjh P -——-fk : L.
[ § langle [of attack, |ay | dek | , Se ft on 1ift'a a’ffcjta ht, (¢ | |
1\ i | | ! ! | {_ gl £is) { { | ] | {

Figure 29.-

Aerodynamic characteristics of NACA 6l5-215 airfoil section of

2l-inch chord tested in the Langley two-dimensional low-turbulence

pressure tunnel.
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Figure 30«=- Variation of low-drag range with
Reynolds number for the NACA 65(421)-420

airfoil.
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Figure 31 .- Comparison of experimental and calculated drag-scale-effect curves
for large-chord practical-construction airfoll section tested in the Langley

two-dimensional low-turbulence pressure tunnel.
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Figure 32.- Comparison of drag coefficients measured in flight
and wind tunnel for the NACA 0012 airfoil section at zero lift.
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