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VIND-TUNFEL INVESTIGATION OF AIR INLET
'AND OUTLET OPEWINGS FOR AIRCRAFT

=Y By Francis M. Rogallo and William E. Gauvain
SUMMARY -

An investigation was made in the N.A.C.A, 5~Toot ver-
tical wind tunnel of a large variety of duct inlets and
outlets to obtain information relative to their design for
‘the cooling or the ventilation systems on aircraft. lost

‘ of the tests were of openings in a flat plate dut, in or-

- der to determine the best locations and the effects of
interference, a few tests were made of openings in an air-
foil..

The best inlet location for a system not including a
. blover wag found to he at the forward stagnation point;
for onc including a blower, the best location was found to
.- be in the region of lowest total head, probably in the
L boundary layer near the trailing edge.

Design recommendations are given, and it 1e¢ shown
that correct design demands a knowledge of the external
flow and of the internal requirements in addition to that
obtained from the results of the wind-tunnel tests.
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INTRODUCTION

Scoops and vents of many types are in general use on

L every airplane for purposes of utilizing air flow, such
ast ducted cooling; cabln ventilation; carburetor intake:

. engine exhaust; and batiery, gas Yank, and float vents.

- Information necessary for the determination of the most
<. efficient shapes and locations and for the design of par-
. ticular installations has, haowever, been lacking. To mect

this neced, the W.4.C.A. undertook an experimental inves-
tigation of the openings of induced-flow systems.

In this investigation, « great number of openings in
; a flat plate and a few in an U.A,C.A. 0018 wing section

PR were %tested. The test conditions and the models were sys-
‘ tematically varied so that the results would indicate the
effeets of: wind velocity; size, shape, and location of
openings; length and angle of ducts; interforence between
an opening and a body, and between inlet and outlet open~—
ings in the same body. ‘




Theoretical characterigtics of inlet and ountlet opcon-
ings have previously bcen determincd and are useful as an
indication of treonds and asg an aid in tho correlation and v
explanation of experimental data. Because of the necessity
of simplifying assunptions, however, theoretical results
are often insufficient as design information and nmust be
supplemented by empirical data. In 1936 Rokus and Troller
(reference 1) publishcd the rogults of a fow tests of open-
ings in a flat plate. Sonc of the published drag curves,
particularly thosc for the conventional-typc scoops with
and vithout fairing, do not agrce very well with thcory or N
with ¥.A,0.A. test results. Reasons for the disagrccnent
have not been determined.

APPARATUS

Vind Tunnel

All the tests were madfe in the 5-foot vertical wind .
tunnel of the M.A,C.A., which ig described in refcrcnce 2. -
As shown in figure 1, a flat panel was placed upright be- -
tween thoe entrance and the exi% cones, projecting avout 12
inches beyond tho strean on cach side. The front face of o

the panel was vertical 12 inches from the edze of the exit

cone and was smoothly fairced into the entrance conc at the

top. Io attempt was made to fair the dowastroan cdgoe of ®
the panel into the exit cone, but the opecuning dvehind the :
panci was blocked off to prevent stray air currcnts fron

affeccting the drag rcadings.

Static and dynamic-pressure surveys werc nade in the
"modified jet and the tunnel calibration for all tests was -
‘based on the recsults of these surveys. Addition of the
plane had little effect upon either the static-preasure
gradient or the velocity gradient, except in the resion
near the plane. The variation of velocity over the mount-—
ing plate out to a distance of more than 12 inches was N
only 1.0 percent of the averaze velocity, excepting the

boundary layer, which is geparately treated.

The center line of openings for the wing model was 18 -
inches from the plane, a region little affected by the Co-
plane, The normal vertical siatic~pressure and velocity ‘
variations of this small tunncl over a 3-foot length (the
chord of the wing used) were about 6 percent and 3 percent,
regpectively, of the average values,
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induced~Flow System

In order to reprcsent the conditiona of flow through
an opening into or cut of a large chamber, such ag the in-
terior of a wing or a fuselage, the set-up couprised a Dox
whose inside dimensions were 16 by 16 by 20 inches end
wiose front face was the floating mounting plate shown in
fizure l. The duct coanectiang this box with the blower
and the flowneter was attached to its rcer face, as shovwn
in figure 2., If the unobstructed jet from this Auct had
been allowed to impinge upon the front inside face of the
box during outlet tests, the resulting flow would not have
represcnted the desired condition of uniform approach ve-
locity. A section of l4-mesh screen was therefore placed
about 2 inches from the rear end of the box and arranged
in such a-manner that the flow out of the box wiith the
front face removed was fairly uniform. During tests, the
static pressure in the box was measured by a flush tap
la the center of the top face.

Irn order to represent the condition of flow into or
out of an opening attached to a straight duct with uniform
cross section of area about equal to that of the opening,
as, for example, a carburetor scoop or an engine-exhaust
system, a short length of duct with a bellmouth entry was
uscd. (Sce Figs. 2 and 3.) EHad a contiruous duct been
used, 1t would have increased the model-installation dif-
ficulties, cspecially with ducts at an angle of loss than
90° to the front face. Several flush taps werc installed
in the duct (see fig. 3) to obtain static-pressure data. '
The circular duct and bellmouth shown in figure 3 were de-
tachable and were used in all the tests with circular
ductse A rectangular dvet arnd bellmouth were used in all
tho tests of recess-type inlets and ountlets. Usc of the
bellmouth entries prevented entrance conditions from af-
fecting the flow pattern at the outlet end during tests
of outlet openings. '
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The centrifugal bviower (see figs. 2 and 4) was driven
by a variable-speed direct-current motor and was capable
of developing a pressure rise of 20 inches of water at a
flow rate of 500 cubic feet per minute., The case was air-
tight, shaft clearance beinz sealed by an 0il reservoir
betwecrn two retainers. '

The orifice drum (figs. 2 and 4) was made of an oil
drum approximately 23 inches in diameter and 35 inches
high, and the six sharp-edge orifides of dismeters from 1



to 4 inches woere Dbored in brass plates 10 inches square and
1/8~inch thick., The orifices wore calibrated over & pres- -
sure range of O to 40 pounds per square foot against ori-
fices obtained from the National Bureau of Standards; the
orifice coefficient determined for all orifices with flow
in either direction was 0.59.

TRcany

Bdlan ce Systenm

The balance system is shown in figure 2. The float-
ing mounting plate and the attached hox formed one side
of a parallelogram whose opposite wside was a rigid steel R
pipe attached to a concrete pillar extendidg wmp from the
floor of the building. This pipe acted as a duct, being
connectdd to the floating chamber through two flexible
joints, as shown in the figure. Ball bearings were used
at all four joints of the parallelogram. The floating
chnmber and the attached structure were counterweighted,
and the drag scale was attached by a wire as shown., Suf- -~
ficicnt counterweight was applied to assure tension in the
balance wire at all times. }

The scale was of the beam type, automatically oper-
ated by a motor and electric contacts at the end of the
beam. Oil dash pots were used for damping the lateral and
the vertical oscillations of the floating mounting plate, o

and clearance between the plate and the surrounding metal
frame was assured by a system of indicating lights.

A

The ball-bearing Jjointed parallelogram and flexibly
coupled duct were arranged in such a manner as to reduce
to a minimum the drag correction resuliing from pressure
and flow in the system., The plate opening was stopped up
and drag tests were run through the complete range of pos-

itive and negative pressures; the correction due to pres- -
sure was found to be negligible., With tunnel velocity
zero and the plain cirecular holes contrally located in the +

floating plate, the correcctions for flow in both direc-
tions were determined. The corrcction for flow in the in-
let dircction amounts to a maximum of about & percent: of
the drag. The correetion for flow in the ontlet direction
is of opprosite sign and about one-half as great as that -
for the inlet direction at any given rate of flow, ’ .



MODELS

A pictorial index of the general arrangements investi-
gated is given by tables I and II:; the numbers under the
gketches refer to the figures that give the complete de-
tails. Photographs of models are shown in figures land 5
and drawings are included with the characteristic curves
of figures 11 to 59 and 62 to 66. The flat plate and all
the hinged flaps tested on it and on the W,A.C.A. 0018
wiang model were of 1/1b—1nch stecl plate. The flap sur-
faces were plane and the edges sharp. The circular pipe
used for ducts and models in flat-plate tests was 3~inch
seamless steel tubing of about C.080-inch wall thickness.
The external scoop-type 1n1ets and outlets were formed
from sheet copper about 1/32 inch thick; and the recess-
tyoo inlets and outlects were made of galvanized ivon, also
1/3u inech thiclk,

It may be noticed that slight differences exist between
the tabulated areas of 0ponings and the areas that may Dbe
computed from the dirensions on the drawings. The linear
and the angular dimensions glvon are approxinmately correct,
but the tabulated ardas are the result of careful measure-
ments of the openizngs as tested. The tabulated areas were
used in the reduction of the data to coefficient form.

All the guide vanes were of thin sheet brass, shaped
as recommended in reference 3. The set of vanes used ia
the recesq—type openings was adjusted so as to divide the
bend into four nearly equal parts with either the 109 or
the 15° recess., The three vanes, as a unit, were shifted
when necessary.

The 36- by 35-inch ¥.,A,C.A., 0018 wing model shown in
figure 5 was wood, partly covered Dby 1/8-inch~-thick pressed-
wood board. Two ribs divided the interior into three near-
1y equal compartments, the central one having a clear width
of 12 inches.

Tnen the wing was mounted in the tummel, the steel
plate at its end was fastened to the floating chamber as
thovgh the complete wimg were an opening being tested on
the flat mounting plate. The wing extended 16 inches
above and 20 inches below the horizontal center line of
the mounting plate. Because the trailing edge would have
Been only 3 inches above the lower edge of the plane shown
in figure 1, the plane was extended another 2 feet into



the exit core
Openings in the two sides of the wing wvere,

2) before the wing was installed.
insofar as

{sce fig.

possible, made exactly alike and the angle of attack was
maintained at zero throughout the tests.
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symbols
as follows:

RESULTS

Symbols and Coefficients
and coefficicnts used herein are defined

mouth area of opening, unless otherwise defined.

duct arca at location of pressure tap.

arag.

static pressurc relativye to that of free stream.

A A

el

dynaﬁic pressure of free stream, unless gualified.
dynanic pressure at edge of boundary layer.

mass density of air.

volume of flow per unit time.

total head,.
velocity of free stream.
velocity at aay point.

velocity at any point at edge of boundary layer.

coefficient of flow.

coefficient of static pressure.

A(P/q)i - (P/q)o

p/q + (4/8)7 (Q/AV)®, coefficient of total

pressure.



D/qd, coefficient of drag.

Cpps coefficient of power loss,
/Ap//D'\ \
n =(28 /2 (q/am
. q qA)

Vi/V, theoretical velocity ratio at inlet.
V,/V, theoretical veiocity ratio at outlet.

C = f%é£~4, orifice cuefficient.
]
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Subscripts:

i, . inlet.
o, outlet,
r, radiator.

f, flownmeter.

A standard form of presentation of test results has
been adopted, all the variabdbles being expressed as dimen-

silonless coefficients. The flow coefficient Q/AV is

the ratio of the average velocity through the area A to
the velocity of the free stream, wnere A 1is usually
taken as the minimum cross-sectional area of thc opening.
The drag coefficient D/qA is always based on the same
area as the flow coefficient, and D is the total drag
minus the tare drag of the plain flat plate, or of the
platc and the wing. The static-pressure coefficient p/q
is the ratio of local static pressure to free-stream dy-
namic proessurc. Locations of the reference-pressure taps
for ducted openings are given on the drawings. When no
duct was used, the static pressure was determined at the
center of the top face of the floating chamber.

The power-loss coefficient Cpp 1is 2 criterion of
merit, which may be expressed-as follows:

_ DV - (HQ +_qQ)
CPLi o qQ (l)
Spp = DV _+ (HQ +_gQ) (2)

) aq

@



where DV 1is the drag powcr; HQ, *the pressure power;
and @, the kinctic power of thc induced flow. For in-
lets, (HQ + qQ) represents available power whereas, for

outlets, it represcnts expended power; hence the differ-
ence in signs in the right-hand members of equations (1)

and (2). These coefficients, which are more fully described
in reference 4, may also be expressed as functions of the
drag, the flow, and the total-pressure cocfficients, as
follows: )

D/qh
I e - H 3
D/QA /
= e b (1 4
CPLO Q,TA-V + \T'I/ e} + 1) ( )

External Conditions
The external conditiong at the locations of the open-

ings, with the openings sealed or removed, are given in
the following table. '

e | oo | e | | e
0.000¢ 1]&; .“b 0 0 o
.175¢c -+ 66 1,686 1629 negligible
.800¢ -.08 1.04 1.02 figure 8 |
flat plate - -.02 i.OO 1.00 figure 7

Velocity distributions in the boundary layer of the
flat plate and at the wing were determined by means of a
survey comb (fig. 6) and a multiple-~tube manometer. These
results were corrected for total-pressure gradient (see
reference 5) and are plotted in figures 7 and 8. The
curves of figure 8 extend above unity because the ratio of
point to free-stream velocity, rather than the ratio of
point to potential-flow velocity, was plotted. These
curves show that the boundary layer was of about the same
thickness at corresponding points on the two sides of the
wing and that it wags considerably thicker at the center



of the span . -than 10 inches inboard or outboard of that lo-
cation, Thke thickening at the center was caused by the
installation of flaps at 0.175c, even though the flaps
were cloged and sealed during the boundary-larer determi-
nations., o additional surveys were made after the ad-

‘Justable flaps were replaced by preformed plates, dbut comn-

parison of drag tests showed that the boundary-layer thick~
caing shown in figure 8 corresponded to more than 7 per-
cent of the wing drag, even though the span of the flaps

was less than 30 percent that of the wing.

Duct Pressure Gradients

Flat-plate tests.- Pressure gradients were measured
in the circular and rectangular ducts dy flush pressure
taps in the duect walls. Inlet gradients for the flush,
circular-opening, 90° duet (model 3P30-90, fig. 23) at
four rates of flow are given in figure 9, together with
average gradients for. the same duct with elbow (model
2P335, fig. 27) and with conventional scoops (models 5P3-
PB ard 5P3-PC, fig. 28). Average gradients are given for
the scoops and the elbow because the variation with flow
coefficicnt over a wide range was very small and showed no
definite trend.

The rising pressure gradients shown in figure 9 arc a
well~known propoerty of elbows in ducts and of sharp-edzge
entrances. (See reference 3.) They are the result of
break-away from the inside surface Dbehind the bend, or cn-
trance, and subsequent return of the flow to the surface
farther downstream. After the velocity has returned to a
fairly uwniform distributicn, the gradient changes sign and
starts to follow the regular pipe~loss curve. The duct
length used was too short to allow return of the gradient
to that for pure pipe loss, the tap farthest downstream
being very near tlhe maximum static-pressure point for the
greater part of the tests with the circular duct and being
even farther upstream with the rectangular duct. It is ob-
vious that the bend affects the velocity distribution for
some distance along the duect, and this interference should
bc considered in the design of a system. It will be of
little use to expand a duct that is already flowing only
half full; moreover, a bend or other change of cross sec-
tion very near the opening cannot be assumed to have the
same characteristics as it would have behind a long duct.
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The flow coefficient Q/AT would be expected to
have little effect upon the pressure gradient behind a
scoop or elbow because it does not affect the ratio of
average velocities on the two sides of the bend, This ex-
pectation was satisfied by the tests of models 2P336,
5P 3-PE, and bH5P3~PC, for which average curves are given in
figure 9. On the other hand, the large effect of flow
coefficient upon the gradient of model 3P30-90 is scen to
be the result of a change in the ratio of velocities on
the two sides of the bend, the bend being the region of
the opening even though the duct itself is straight. The
variation may also bhe thought of as the result of a change
in the angle of bend.

The outlet-duct pressure measurements gave the follow-
ing results: The pressure drop from tox into bellmouth
for circular and rectangular ducts, respectively, was
1.13q and 1.17q in the duct, corresponding entrance losses
being 0.13q and 0.17g. The gradients in the ducts were
nearly straight lines, the pressure dropping at 0.15g and
0+20g of the duct per foot for cireunlar and rectangular
sections, respectively; these slopes were merely pipe-loss
gradients and were not affected by either the shape of the
outlet opening or the flow past it except within about one
diameter of the end of the uniform section.

These results show that both the enirance and the
pipe losses for the rectangular duet were higher than for
the circular duct. The entrance losses may have been af-
fected by the nearness of the screen, for they are higher
than expected from results of hydraulic tests (reference 6,
Pe. 206). The pipe losses, too, are higher than expected,
but the low accuracy with which pipe-loss déterminations
can be madc on such short specimens would not lead omne to
expect very close agreement with other tests. Pipe losses
arc usually of secondary importance, however, relative to
losses at the outlet opening.

Wing tests.~ In the determination of the duct pressure

gradients shown in figure 10, which also serve as wing flow-

.meter calibrations, the static-pressure tubes were connect-
ed to a multiple~tube manometer and the pressures were ob-
served over a wide range of flow conditions. In these
tests, the air was taken into the wing at the front or the
rear and was then passed through the flowmeter (see the
appendix), through holes in the wing ribs into the chamber
behind the mounting plate, and thence through the regular
system., The air was metered by the orifice drum.
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The positive static-pressure gradients in the down-
stream direction are the result of a partial conversion of
dynanic tc static pressure, the static-pressure incroases
dovnstrecam of the flowmeter being in fair agreement with
Borda's formula (referencc 6, pp. 207-210).

Characteristics of Openings in the Flat Plate

The conditions under which the openings were tested
will probably never be reproduced in practice. Even if the
openings themselves were buil% exactly like the models
tested, the flow around the bodies ium which they are placed
wonld be such as to cause differences in the time and the
space variations of pressure and velocity, which might
have a large effect upon the aerodynamic characteristics
of the openings. Relative to the accuracy with which these
effeocts may be estimated in any practical application, the
results presented may be considered exact for the partie-
nlar conditions prevailing. That is, in the use of the
results of one of these tests for design purposes, the
probable error in them is negligible in comparison with
that involved in the estimation of the effects of boundary-
layer conditions and interference differing from these of
the original test. Thus, the absolute precision is not of
grecat importance, and small errors that remained constant
during all tests may be neglected.

It should be noted that the power-loss coefficlent is
usually the difference between ¢two numbers of the same or-
der of maganitude, and consequently its percentage accuracy
is Dbelow that of the other coefficieants. Thus, errors in
the other coefficients will show up greatly magnified in
the power-loss coefficient, especially errors in drag at
low mates of flow. Imn general, the lower the power-loss

.coefficient, the lower its percentage accuracy. The re-

markable smoothness of most of the curves of GPL and the

infrequency of erratic points, in spite of the tendency of
this coefficient to magnify errors, indicate that the rel-
ative precision of measurcments was high.

411 the original tests of openings in a flat plate
were made at a tunnel velocity of approximately 40 miles
per hour, but many of thése tests were repeated at about
80 miles per hour to determine the effects of stream veloc-
ity and to serve as checks on the results at the lower
speed. The tunnel dynamic pressures were maintained at
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constant heights o0f alcohol representing 40 and 80 miles
per hour in standard air at a ranometer temperature of 8g°
F., whickh was a 1little ahove the average temperatmre for
all tests mae. The dynamic pressures were corrected for
variations in temperature of the manometer alcohol. ZXcep-
ing the heights of alcohol, rather than the actual pres-
sures, constant made temperature corrections unnecessary
for orifice~-drum and duct-pressure manometers. The actual
velocities both in the tunnel and in the induced-fliow sys-
tem were not determined during these tests because they
were not required, all results being given as ratios inde-
peadent of small variations in velocity within the accuracy
of the measurements made.

Results of tests of openings in the flat plate arec
given in figures 11 to 59. C(Comparison of the results of
tests run at both 40 and 80 miles per hour shows very lit-
tle variation of characteristics with velocity for most of
the devices tested, and tde small variations that are ap-
parent can usually be accounted for by the difference in
boundary-layer thickness at the two veloecities. Tests of
the 3- and 4-inch~diameter pipes, the 2- and 3-inch~diame-
ter holes, and the 1%— and 22-inch chord flaps showed that
outlet characteristics are 1ittle affected by the size of
the device and that inlet characteristics are little af-
fected when the opening is outside the boundary layer of
the plate. When the opening, or a part of it, lies within
the boundary layer of the plate, however, any variation of
ovening size that results in a variation of the ratio of
opening heizht to boundary-iuyer thickness has a large ef-
fect upon the inlet characteristicg. This boundary-layer
effect is cevident not only from the comparison of tests of
similar models but also from tests of a single flap ad-
justed to different angles so that the openings are of
different heights. (8ee fisgs. 14 aand 17.)

The test results show the veneficial effects of prop-
erly fairing the rear portions of conventional scoops,
pipes, and clbows that project into the air stream and of
necking down the openings for both the inlet and the out-
lete Thickening and roufiding thHe leading edges of scoops
did not show any definite improvement as compared with a
nccked~down sharp-edge entrance, but these tests did not
cover a sufficicnt range of shapes to constitute the basis
for a gencral conclusion.

The internal flap openings and the recess-type inloats
and outlets with ducts did not provide much pressure for

[
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maintaining the flow but exhibited very low power-loss

RS ' coefficicnts for blower-induced flow. Recess inlets with
-, no surfacecs projecting above the vplane, ncvertheless, pro-
duced built-up static prossures as high as one-third of
the frece-stream dynamic pressure. {Sec fig. 34.)

Figurcs 28 and 55 show that a hood~covered duct at 45°
with the surface had less bend loss than onc at 90° with
the surface, as would be expectcd. Tests of the rocess-
"type inlets and outlets {figs. 34-33, 58, and 59) showed
that, for sharp 90° bvends, guide vanes were beneficial and
square corners werc slightly better than rounded oncs,
these results being in agrecoment with thoge of refercnce 3.
- © The effects of guide vanes are also shown in figures 32

and B7.

Cross-Wind Orifice Coefficients

From the pressure characteristics of figures 11 and
38, orifice coefficients ¢ may be computed and compared
. with orifice coefficients derived from tests in still air.
" Because such a comparison seecmed to be of fundamental value,
- the curves of figures 60 and 61 were prepared from the
original data corresponding to figures 11 and 38 and fromn

- ‘ additional tests of thc same openings with zero tunnel ve-
; 1OCityc
> Figure 60 shows the coefficients plotted against the

orifice pressure. Figure 61 shows the same coefficients
plotted against the ratio of orifice to cross-wind pres-
surcs. On this basis, the tunnel sero velocity points are
at infinity, and the cross-wind curves would be expected
to approach the cross~wind zero-velocity orifice coeffi-

- . clents as the pressure ratio is increased.

Variations of orifice diameter and tunnel velocity
had little effect upon inlet coefficients but considerabdle

o cffect upon outlot coefficients for the arrangements and
[ conditions investigated {(fig. 61).

Characteristics of Openings in an W.A.C.A, 0018 Wing

- Separate sets of openings.- The results of tests of
' N separate sets of openings in the W.A.C.A. 0018 wing are
5 given in figures 62 %o 66. All tests were made at an air-
- stream velocity of approximately 80 miles per hour, and
’ the test procedure was the same as for flat-plate tests.
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Tare drag of the wing with adjustable flaps was de-
terwined with the flaps installed, but closed and sealed.
Tare drag was therefore higher, and the boundary layer at
the rear flaps was thicker than for a smooth wing. Tare
drag of the wing with fixed openings was determined Gtefore
the nose openings were installed, a drag test being made
with all flaps removed and replaced by smooth, preformed
plates, carefully faired into the wing contour. The tarc
drag and thickness of boundary layer were, conseguently,
less than for the adjustable-flap tests. Because of these
differences, the fixed openings relative to the adjustable
ones are actually better than shown in the figures.

In the determination of the static~pressure data of
figures 62 to 66, the pressurc tavs used were the ones
nearest the wing flowmeter on the same side as the open-
ings being tested. (See fig. 10.) A study of the pres-
sure gradlients of figure 10 shows that the static pres-
sures at the outlet openings werec somewhat greater than
those Jjust behind the flowmeter, as has already becen dis-
cussed. -

The power~loss coefficilents were computed in the same
manner as for the flat-plate tests. Assuming that the dy-
namic pressure in the duct was equal to % o (Q/Ag)% in-
volved little error in the reduction of flat-plate-test
data because the duct velocities were fairly uniform at
the static~pressure taps, but the same assumption in the
computation of power-loss coefficients of outlets in the
wing makes those coefficients erroneously low. From the
data of figure 10, it appears that the error in Cp1, is
about 0.2 (Q/AV)a for the 0.0347 Squére foot outlets
and one-fourth as much for the 0.0174 sguare foot outlets.
Yo correction was made for this error because it is con-
sistent and therefore does not affect the value of the re-
sults; it does.-account, however, for the negative CPL
sirown in figure 66,

e

The wing tests were made chiefly to check the-4ppli-
cability of flat-plate data to the design of openings in
typical aerodynamic bodies. The locations chosen wero,
therecfore, the practical extrcemes of static-pressure, ve-
locity, and boundary-layer thickness available on the
model used.

The iglet and outlet characteristics of the internal
flap at 10~ with the surface as tested on the flat plate



and on the wing ars given in figures 67 and 68, The char-
actoristics of the wing-nose inlet are also given in fig-
ure 67.

Flat~platc data would not be expected to apply to
orenings at the froant stagnation point, and figures &7 and
38 show that such data are not applicable either there or
*hic high-velocity region, which, in this case, is the
175c location. The drag coefficient with the nose inlet

in good agrecement with the value that would be expected
rom tests of a flush opening in a flat plate with zZero
ouncary layer, but the pressure coefficient isg much
igher Dbecause no bhend loss is involved.

hig

c
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Agrecement of flat-plate coefficients with those deter-
mined for the 0.175c¢c location is poor, principally bocauses
of the high interference drag cauvsed by a departure froam
gmooth flow at that location.

Agreement of flat-plate and wing data a2t the 0.800c¢
location ig fair becauoe the boundary lavers are of about
the samec relative thickness and the effects of interfer-
ence are small, The presence of some interference drag,
however, could account for the small and nearly constant
difference between the drag curves for the outlet condi-
tion; the curves arc nearly coincident for the inlet con-
dition. Static-pressure coefficients of both inlet a=nd
outlet on the wing are less than on the plate over the full
range of flow; the difference may be ascribed chiefly to
the differcnt internal arrangements and tco the small nega-
tive static pressur; naturally occurring at the 0.800c¢
location.

Combinations of inlet and outlet openingg.-~ Nine com-
binations of inlet and outlet opeanings 1n the Wwing were
tested and the results are given in ta®tle III together

with characteristics computed from figures 62 to 56.

All combination tests were made at an air-stream ve-
locity of 80 miles per hour, tare drags were the same as
for the corresponding tests of individual scts of openings,
and static prossurcs were mcasured on the two sides of the
flowmeter at the pressurc taps nearest the flowmeter. The

‘ratc of flow was computed from the measured pressure drop

through tie flowmeter and from the data of Fl?uro 10.

The drag of the op

on ination is, in general,
less than that of the ope

128
ngs individually, a tendency an-
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ticipated inasmuch as the drag of openings at the 0.800c¢

location is reduced by the boundary-laycer thickening that -
results from openings in the nose or at the 0.175c loca- .
tion. The power-loss cocfficients and the efficiencies

arc correspondingly affected.

DISCUSSION

The Ducted System as a Complete Unit

In refercnce 4, the ideal, or theoreticnl, efficien-
cies and the power—-loss coefficients are derived for the ®
generalized induced-~flow system and for the important spe-
cial case of zcro angularity of inlet and outlet flow rel-
ative to the free stream. For thisg case

jo))
~r

.2 . Jer 2
cPLi+o = (v, /v - 1)° - (v,/7 - 1) (

where Vi/V and VO/V are the hypotictical veloclity ra-

tiogs at inlet and outlet, respectively; that is, the ve~— ‘ -
locity ratios that would exist at a great distance from
the induced-flow system if there were no nmixing or loss of
total head.

From equation (5) it may be seen that, for minimun
Cpy, of the complete systemn, VO/V = 1 and ,Vi/v is as

far from unity as possible in either a positive or a neg-

ative direction. If a pressure drop occurs in the system,
. / .

as is usually the case, V,/V « Vi/V and vice versa.

.

Therefore, in order that VO/V = 1, Vi/V ‘must be greater .

than uwnity in a pressure-drop system and less than unity
in a pressure-rise system. These relationships divide
induced-flow systems into two distinct types, one in which
the flow is induced by the cxternal pressure difference at y
the openings, and the other in which flow is induced by a ’ T
pump or blower within the systom. The fTirst type will De
called an externally induced~flow system, and the second
type will be called a blowsr-induced-flow system. There .
should be no borderline case, since it has becen shown that
vi/v ~saould be as far from unity as possible. -
Maintaining ideal ountlet conditionsg in an externally .
induced-flow system will usually be impossible because the 5
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pressure drop through the systoem will be grecater than the
maXimum prossure rise in the propeller slipstream, the op-
timum location for tlie inlet of such a system.

y

In o Plover—~induced-flow systen, however, 1t should
always De possible to operate ot the desired condition.
Furthermorc, such a system could be made to provide ade~
guate cooling or ventilation at all times, even though d«
signed for maximum efficiency at one particular flight
condition, because it would be relatively independent of
the velocity or attitude of the aircraft.

()
1

In the design of a systen, the regquired flow and the
pressure drop nust be determincd, particularly for an ex-
ternally induced-flow system for which the available pres-
surc drop is lirmited. The flow requireanont will usually
be known or assumed at thc outset but can be determined
experimentally by a blower and netering ecequipument such as
those used in the present investigation. Such equipnment
coulid, moreover, be used to determine the pressure drop
through an experinental induced~flow system and to deter-
mine the effects of changes in the cysten, thereby allowing
a cut-and-try netnod of approaching the best possidble duct
arrangement in an actual ingtallation. A4nr experinental
attack on the problem of duct design is recomnended becausc
of the irregular shapes of ducts used ia aircraft and the
frecquency of bends, expansions, coantractions, and other
changes of cross section; an analrtical solution would not
be dcpendable except for a few simple arrangements for
wiich adcquate test results are availabdle.

The Inlet Opening
Ideal characteristicg.~ From reference 4, the ideal

caaracteristics of an inlet orening for the special case
of zero angle of approach are as follows:

0p = D/ak = 2(Q/AT) T/ o)
2 2 2
p/a = (v3/7)7 - (4/A5)7 (Q/AT) (7
N 2 ,
Opr, = = /¥ - 1) (8)

These eqguations, which are plotted i
illustrate thre effects of V./V aznd
acteristics of an inlet opening.

gure 69, clearly
; AV  upon the chor-
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Inlet design for externally induced-flow systems.-
Theory indicates that the inlet opening of an externally
induced-flow system should be in the region of maximum
total head; that is, the region in the propeller slipstrean
corresponding to about the 0.75 radius. Tests indicate,
moreover, that the opening should be at the forward stag-
nation point on a typical aerodynamic body. If so located,

he characteristics of the opening may be computed from
the theory, the accuracy of such a computation beling shown
by the comparison in figure 87 for the special case of
Vi/V = 1.0. If desired, an allowance may be made for the
small discrepancies shown.

Fizure 67 shows that the actual characteristics of the
nose inlet tested are very ncarly ideal. It must be re-
membered, however, that the test installation, with open-
ings on the clhiord line of a synmmetrical wing at zero 1ift,
is not likely to be reproduced in practice. HMovement of
the stagnation point with change in 1ift coefficient will
malte 1t impossible to maintain the opening at the stagna-
tion point over the full flight range unless some prac-
tical method ig devised for varying the inlet location.
BEven a small displacement of the inlet relative to the
stagnation point would be expected to increase the drag
and decrease the available pressure, but the magnitude of
those losses cannot be nredicted from the results of the
present investigation. Another loss that will generally
be encountered in practical installations of wing-nose in-
lets is a bend loss Jjust inslide the opening. Sveh a loss
was not present in the test installation because of the
symnetry of the model and of the flow relative to the
chord line.

Computed characteristics of a well-ghaped and properly
located opening at the nose of a fuselage may be more rc-
liable than for a wing-nose inlet on account of the smaller
reclative nmovenent of the stagnation point.

Because of practical congiderations, 1t will often be
found desirable to locate the inlet opening of an exter-
nally induced-flow system back of the forward positive-
pressure region. In such installations 1% is reconmendcd
that the inlet be located as near the trailing edge as
possible in order to reduce interference drag and to take
advantage of the natural ststic-pressure rise. The opcn-
ing should be outside the boundary layer, and the scoop
should be necked down at the front and properly faired at
the rear. If a short radius bend is regquired, it should
be fitted with guide vanes as prescribed in reference 3.
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Inlet design for blower-~induced-flow systems.- Both
theory and test resunlts show that the inlet opening of a
blower-induced-flow system should be as near the rear
stagnation point as practicable in order to reduce the
interference drag and to take maximum advantage of the
boundary layer and the positive static pressure. The recar-
ward limiting position of the opening will be determined
by necessary dvct space and by the construction of the
wing or fuselage, especially where movable surfaces are
employed, such as high-1ift or control devices.

Tests of both the flat plate and the wing showed that
the external flap has a higher loss than the intermal type
and that the pressure recovery is improved by the use of
an expanding section inside the opening, such as was used
in the case of the overlapping flaps. he opening WRIB
(fig. 64) was the best of those tested, and the character—
istics of this type of opening would be expected to im-
prove as the ratio of opening gap to boundary-layer thick-
ness is decreased; l.c., a loag narrow openiang shounld be
better than a short wide onc of the same area because it
will take in air of a lower average total head.

The drag of a well-shaped opening near the trailing
edge may be easily computed with satisfactory accuracy from
equation (6) if the velocity distribution in the boundary
layer is knowne. The results of such computations are given
in table IV, together with test resuvlts, and it may bve
seen that the computed drags are very near the measured
drags except for the external flaps, which naturally ex-
perience an additional form drage. In the computations,
flow coefficients near the point of minimum Cpp were
chosena

Table IV also shows that, for the openings tested, the
measurced static pressures are less than the computed total
heads by roughly 1.5 timos the dynaric pressure of the air
flowing through the gap, except for the internal flaps at
rclatively high angles. These pressurc drops were antici-
patcd from previous knowledge of flow through a small open-
ing into a large chamber. (See fig. 10.) 7For design pur-
poses, an error in the computotion of the pressure charace~
teristics is not so serious for the blower-induced~-flow
system as for the externally induced~flow system because
the flow may be regulated by the blower.
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The Outlet Opening

Idcal characteristics.- From refcrence 4, the ideal .-
characteristics of outlet openings are as follows:

Cn = D/qh = ~ 2(Q/AV) (V,/V) cos 8 (9)
7 ’ 2
H/q = (Vo/v> (10)
. .
cPLO = - 2V, /V cos 8 + (v /V) +1 (11) ,
in which 6 1is the hypothetical angle of the exhaust jet .

relative to that of the free strean.

In figure 70 these eguations are plotted at threc
values of 6 for the snoecial case of nan outlet either on
a flat plate or on a body at sveh a location that the lo-
cnl velocity is equal to the freo-stream velocity; il.c.,
Y. /v = Q/AV. ‘ -

o -
Outlct openings in scrodynamic btodies will cause in- -
terference drag, the amount dopondirg upon tie shape and -

location of the openings. Even flush openings on flat
plates, however, will not exhibit ideal charactcristics
becatsce ¢f interaction of the issuing jaot and the exter-
nal stream, as showr by o comparison of flgu“eo 51 and 70,
and btecause discharge uOCLflClG 1ts, particularly for sharp-
edge openings, arc not wuunity, as shown by figures 80 and
8Le If the effective areas, rather than the actual arecas
hnd beeow used in the reduction of test data, the agrcoment
between figures 38 and 70 would have been much better, as
would the rbrcoment between the theory and tao flat~plate
curves of figurec 58.

Density corrections.~ In the development of the the- -
ory, ideal fluid was assunmed and, in the tests, the den- _
sity variation was ncgligidble; but, in many applications, q
particularly to cngine-ocxXbaust systems, the density of the -

issuing Jet will be widely different from that of the sur-
rounding stream. In all such cases corrections must be

applied, depending upon the characteristics of the pariic- -
uwlar device being used and its loeation on the body. If

cxternal interfercnce offects arc negligible, as for a -
flugh oponing at the rear of a body, substitution of the
density of the issuing jet in the ideal cquations or em- -

pirical coefficicnts will give ideoal or actual charactor-
istics, resvectively.
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If, on the other hand, the characteristics arc almost
completely detormined by the sxternal flow, as for an ex-
ternal-hood~type outlet at low flow coefficiénts, the 4
sity of the external strecam wounld be uvsed in computing
drag and static pressure.

If the installation does not fall into cither of the
forecgoing classifications but ig somewhere tetween, it
%ill be necessary to estimate the separate contributions
of internal and external flows to the over-all character-
igtics and to correct accordingly.

Qutlet design for externally 1nduced flow _gystems.~
Thoory indicates and tests prove the high drag cost of
maintaining at the outlet opening a total head which is
low relative toc that of the free stream. It is therefore
reccommended that the outlet velocity be maintained as ncar
the ideal as practicabdle and that the onering be located
in a low-velocity region, preferadly at tkhe rear of the
body, in ordcr to reduce interference drag. It seems hard-
ly necessary toc state that the jet direction should be as
near that of the potential flow as practicable.

With a given inlet condition, the total head at the
outlet opening ig determined by the pressure drop in the
system. The importance of reducing internal losses cannot
therefore be overemphaslized because such losses are accorn-
panied by external losses, which appear as energy left in
the wake., This external loss, which occurs only in sys-
tens having motion relative to the surrounding fluid,
males duct dcsign so important for aircraft using extor-
nally induced~-flow systems. Present practice, particular-
ly in regard to the cooling of air-cooled engines, indi-
cates that these basic principles have not heretofore been
fully appreciated.

ideal outlet conditions for a blower-induced-flow syston
are tho same as for an exXternally induccd-flow system but,
whereas it is almost impossibdble in the externally induced-
flow system to realize them, the outlet conditions for the
blower~induced-flow srstem arc fully controllable Ex-
hausting at lr\§~stream total head is the ideal optlmum,
but the practical opiimum will depend upon the charachior-
istics of the blower and the ducts used and must, therc-
fore, be determined for each pariicular 1nsta11at10n. It
geems reasonable to expect, however, that the practical
optimum will seldom be far from the idecal.

Qutlet design for blower-induced-flow systemg.- The




“

22
. Sample Problen )
Example: A flow of 6.13 cubic feet per second is re- Tt
guired for a radiator with the pressure characteristics of
the wing flowmeter shown in figurc 10 when tho airplanc
snced is 352.2 feet per second (240 m.p.h.). The coolor
is to he insteolled in a wing in thce same manner as the
flowmeter, and opoenings WNI (fig. 64) and TREA (fig. 86)
arc to be used. It is asgsumed that the characteristics
gilven in figures 54 and 3856 are appilicadble.
From figure 10, Ap/q? = 1le35 and A, = 0.033 sq. ft. i
1! e *
. d — ~y
a./a = \z—ro o res— ~\ = 0.2785
1,/ (o 555K 55378/ |
, - y ¢ - .
av/a = (ap/q.) {q./q) = 0.38
From the curves of Cp against p/q of figurcs 64 nud
Sb and the roqu1rewen+ tna* the differcnce in p/q for -
inlet ond outlet must equal 0.38, as Jjust computed, thc .
pressure cocfficient for each opening is determined for _ -~
the condition of minimmn total CPL' Then from the curves -
1 L

N / o .
of p/q and Op- agoinst Q/AV, the flow coefficiocnts
e

are determined, from which the sizes of the openings may

be calculated. The values so determined are tabulated as .
.

follows:

— ‘ — R
/o | Cpz | /4T | (SQ% £4.)
, SR - ‘,
Inlet 0.82 | 0.25 l 0.35 | 0.0497
Outlet c44 | -.02 % . 67 % .0250 )
The table gives the optinmum sizes of the openings Tor -
the conditions assumed. If any other sizos arc used, the
CPL will DPe higher, cven though the reguired flow and
pressurc characteristics are obtained. The total COpr, .
calculated for the same arrangement and nearly the sanc -
Ap/q, but for openings of the areas testced rather than _ e
the ontimums, is given in tadle III as 0.51. It is thus “
evident that, even though the proper shapes and locations T

of openings are used, the system will be inefficient if
the openings arc not of the proper size.
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CONCLUSIONS

1. The use of wind-tunncl results for designiug an
opening at a particular location on ar aircraft demands a
knowledge of

the external flow at that location and of the
internal flow and the pressure reguirements of the system.
2. Drag and pressure characteristics of openings in
aerodynamic bodies may be computed from the results of
tests on flat plates if interfeorence effects are known.

3s. The acrodynamically best location for the inlet
opening of an exXxternally induced-flow system is at the
front stagnation point of the body and in the maximum to-
tal~head recgion of the propecller slipstream.

4, The aerodynamically best location for the inlet
opening of a blower~induced-flow system is in the region
of lowest total head, probably at the base of the boundary
layer near the trailing edge of the body.

- ‘ 4 5 .

For minimam power loss of an outlet opening, tae
. velocity and the direction of the jet should be maintained
approximately the game ag that

of the potential flow at the
location of thec opening.

Langley iemorial Aerorauntical Laboratory,
I

National Advisory Committec for Aeronautics,
Langley Field, Va., August 31, 1938.



APFENDIX

Duct Flowwmebter

Need often arises for a simple type of duct flowmeter,
the calibration of which is independent of disturbances
in the stream either in front of or tehind it. Previous
tests scemed to indicate that such a flowmeter could be
built as shown in figure 71. It consists of a number of
circular holes of unit length-~diameter ratio with small
impact and static~pressure tubes installed one-quarter tube
length from the outlet side, as shown in the figure. Such
a meter was built and tested in thce set-up shown in fig-
urc 72.

Thig set-up included a rectamngular duvuct with bellmouth
entrance and static-pressure taps installed flush with the
ingide duct surface at the locations shown in the figure.
The flowmeter was mounted in the center of the duct, and
obstructions were placed in the stream 1 fool on either
side of it. Each of these obstructions blocked off approx-
imately one-half the duct area, as shown in the figure.

By mcans of the blower and the orifice drum previously de-
scribed, known guantities of air were drawn through the
duct over a flow range corresponding to a flowmeter pres-
sure drop of from 1 to 8 inches of alcohol. Flowmeter
pressures and duct static pressurcs were measured with a
nultiple-tube manometer with each of the obstructions scp-
arately in place, with no obstructions, and with the two
end holes of the flowmeter stopped up.

Very little scale effect was noticed over the range of
tests for any given obstruction. Flowmeter calibration was
little affected by the obstructions placed behind the meter
but those placed ahead of it had a large effect, as may be
seen in figure 71, In fact, the flowmeter pressures ap-
peared to-give a much less satisfactory calibration than
the duct static pressures on the two sides of the meter.
These duct static pressures were much steadier at any given
condition of thc duct and they did not show so nmuch varia-
tion with change of obstruction as did the flowmeter pres-
surcs. It was therefore decided to use duct static pres-
sures for flow determination in the subsequent wing-opcning
tests and it wag also thought advisable to recalibrate the
system for each condition of the inlet openings. That this
decision was wise is evident from a study of the duct gra-

W

‘e



dient curves of figure 10 which show a much greater varia-
tion of calidbration than is shown by the results given in
figure 71.

From the results of these tests, it must be concluded
that nceither the flowmeter pressure taps nor the duct
static-pressure tnps yield a calidbration inappreciably af-
fected by flow changes in thoe duct ahead of the flowmeter,
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TABLE III. Characteristics of Combinations

of Inlet and Outlet Onenings

in an ¥,A.C.A, 0018 Wing

Openings tested Openings tested .

in combination individually (figs. 62-66)

; 7 ?

®Inlet | Coutlet Q D | dp | (ﬂ D | ap . (er
openin, opening AV ar | g |VPL \per- oA Y PL N
P € P - &Y ab q cent) ok 4 cent)
BFI-1040 | WRE+5~ 5 00308 1,10{0.170 (2,42 | 4.7 | 1.19 {0.07 | 3.79 | 1.8
WFI"‘IO‘*’O ?JRE’*’O"‘].O 9279 -97 01"’1"0 3934 430 1:09 001 3-74: 53
WFI- 5+5 | WRE40-10 | .312 | 1,285, .1758.84| 4.4 | 1,70 .19 15,1581 3.5
WRI-10+0 | WFEHO-10 | ,385 .39% BB o T4 26,3 « 52 25 11,041 18,5
WRI-10+0 | WFE45~ 5| .443 .66§ 352 |1.14 23,7 .79 W32 | 1.43 | 17.9
WRI- 5+5 | WFB4+5~ 5 ¢ 449 75| 362 {1,301 21.8 .97 41 11,69 | 19.0
WRI"‘ 5“}'5 ! WFE;‘O"‘IO 9888 -50 0271 11002 21;0 370 034: 1@45 1808
WHIS WREA (G459 | ©.48| .295| 74| 28,4 | %47 | .18 .BR|17.6
WNI WREA C,501 C,d4i 385 49| 44.2 ¢, 47 .39 .51 41.6
_ - _ | I S _
83566 figures 62, 583, and 64.

bSee'figures

€5 and 686. .

cBased on outlet area.
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TABLE IV. Couparison of Experimental and
Theoretical Characteristics
of Inlet Openings

, I T _ . T c
(1) (2) i (&) 1 (4 | () [ (&) i (7) (8)

Q/AV | Experimental Theoretical

%odel Year min- I (2)-(5) | (B8)-(4)
. . 7 )
imum Cpy, | D/gA | p/q |D/qb | H/q (3) (22

TP-25+ O 0.404 0.674{-0.035(0.650 0,655 0.0356 4424
7P-20+ O . 397 . 667 093! .615} .608 078 3.27
7P-15+ 0 . 408 . 677 .159; .608| .5060 . 102 2.41
7P-10+ O . 499 736 .138 | .720| .528 .022 1,57
7P-"5+ O A9 . 870 .081; .668! .45Bb .003 1.51
7P+ 0+ b .598 967 -.101| .814! .465 .158 1.58
7P+ 0+10 . 600 1.252 020} .888] .5b62 291 1.48
7P+ O+15 . 599 1.458 0921 .944 .629 . 3562 1.50
7P+ 020 « 613 1.502 .08911.015| .693 324 1.581
7P+ 0+25 . 617 1.541 .088,1.085] .740 . 315 1.71
WRI-10+ O . 400 .596 064} .515] ,415 .136 2.19
WRI- 5+ O . 500 L7633 -,060} .619; .382 .189 1.77
WRI- 5+ 5 . 500 . 852 .0381 ,6b68| .433 229 1.58
WRI+ O+ 5 + 700 1.177) -,230! .8921 .405 242 1.30
WRI+ 0+10 .700 1.3681 -.1860; .9471 ,474 « 302 1.29
WRI-B « 400 ¢ 564 «153 | .B15| 415 .087 1.64

a .
See figures 14, 17,

~

and 64.
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FIGURE LEGENDS
. ind tuuanel modifications. ¥ote outlet opening
cating plate. '
Pisure 2,- Induced-flow and balance gystems.
Figure %.~- Bellmouth on detachable duct at 45° with plate.
Figure 4.~ Orifice drum and bvlower.

Tigure Se= H.A.C.A. 0018 wing model, showling adjustable
flap openings at 0.175c¢c and 0.800c locations.

Figure 6.~ Comb used for boundary-layer surveys.

Figure 7.~ Boundary-layer velcoclty distribution on verti-

o

cal center lire of mounting plate.

b
(4

i Boundary~laycr velocity distribution at 0.800c¢c

io; on ¥,A.C.A. wing, flap secalcd; 80 m.p.h.

OO

u 8
10 at
Figure 9.- Duct pressure gradisnts. Izlet openiags in flat
ry
7 n

plate. See figures 23, 27, and 28 for dimensions of
models.

Figurec 10.~ Scction through ceantral chamber of W.A,C.A., 0018
wing and internal pressure gradients.

nlct characteristics of circular holes in thin
wing effects of hole diameter and tunncl ve-

Figure 12.~ Inlet characteristics of 14-inch-chord triple
flaps, showing effects of flanp a “*1e.

Pigurc 13.~ Inlet charactoeristics of 1%~iﬁch—chord internal
flap, showing cffects of flap angle.

Figure 1l4.- Inlet characteristics of 8%2-inch-chord intceranal
flap, showing effects of flap angle.

Figure 15.- Inlet characteristics of 1%—inch—chord external
triple flaps, showing effects of flap angle and tunael
velocity- .

Figure 16.~ Inlet characteristics of 1%&inch— hord external
flap, showing effects of flap angle and tunnel velocity.
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Figure 17.- Inlet characteristics of 23-inch~chord external
flap, showing effects of flap angle.

Figure 18.~ Inlet characteristics of equal~chordoopposed
flaps, showing effects of B when Y 1is -159,

Figure 19.- Inlet characteristics‘of equal~chord opposed
flaps, showing effects of flap angle.

Figure 20.,~ Inlet characteristics of unequal-chord, over-
lmnplng,opnosed flaps, with large flap eerrnal show-
ing effects of flap angle.

Figure 21.~ Inlet characteristics of unequal-chord, over—
lapping, opposed flaps, with small flap external, show-
ing effects of flap angle.

Figure 22.~ Inlet characteristics of equal-chord, overlap-
ping, opposed flaps, showing effects of flap angle.

Figure 23.,~ Inlet characteristics of flush opening with
circular duct, showing effects of duct angle and tunnel
velocity.

Figure 24.- Inlet characteristics of straight circular pipe
projecting two diameters, showing effects of rake angle
and tunnel velocitye.

Figure 25.,~ Inlet characteristics of straight circular pipe
with 45° rake, showing effects of falring and length of
projection,

Figure 26+~ Inlet characteristics of circular pipe with el-
bow projecting two diameters, showing effects of fair-
ing and tunnel velocity.

Figure 27.~ Inlet characteristics of circular pipe wi?h.el~
bow projecting one diameter, showing effects of fairing,
elbow length, and tunnel velocity.

Figure 28+~ Inlet characteristics of external scoop wit@
circular duct, showing effects of entrance shape, fair-
ing, and duct angle.

Figure 29.~ Inlct characteristics of external scoop with
circular duct, showing effects of fairing in front and
rear,

Figure 30.~ Inlet characteristics of external scoop without
duct, showing effcects of length and area of mouth.
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Figure 31.- Inlet characterigtics of extermnal scoop with-
out duct, showing effects of tunnel velocity, scoop
skape, and location over circular hole. Also screeans
over mcuth and throat.

Figure 32.- Inlet characteristics of external scoop with-
out duct, showing effects of guide vanes and scoop
height.

Figure 33.- Inlet characteristics of recess opening and
duct, showing effects of recess angle and entrance shapc.

Figure J34.- Inlet characteristics of recess opening and duct,
showing effects of cover length, guide vanes, and faired
entrance.

Figure 35.- Inlet characteristics of recess opening and duct
with projecting scoop, showing effects of recess angle
and internal fairing.

Figure 36.~ Inlet characteristics of recess opening and duct
wvith projecting scoop, showing effects of bend treatment.

Figure 37.- Inlet characteristics of external scoop with
duct, showing effects of hoight of opening, throat ex-
pansion, and guide vanes.

Figure 38.- Outlet characteristics of circular holes in
thin plate, showing effects of hole diameter and tuannecl
velocity. '

Figure 39.~ Outlet characterigsties of 1%winch—chord inter-
nal triple flaps, showing effects of flap angle.
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Figure 40.~ Qutlet characteristics of 1~—1nCu—chor
nal Flap, showing effects of flap anble.

Figure 41.- Outlet characteristics of 23-inch-chord inter-
nal flap, showing effects of flop angle.

Figure 42.~ Cutlet characteristics of 1%-inch~chofd exter-
nal triple flaps, showing effects of flap angle and tun-
nel velocity.

Figure 43.~ Outlet characteristics of 1—~1ncL~chord exter-
nal flap, showing effects of fleo X0 anﬁle and tunnel ve-
locity.

115ure 44,~ Outlet characteristics of 2~—1nch-chord exter—
nal flap, showing effects of flap angle.



Figure 4b.- Outlet characteristics of egual-chord, opposed
flaps, showing effects of B waen v 1is 10

Figure 45.~ Outlet characteristics of cqual- euold,.opposed
flaps, showing cffects of £ when v 1is 20°

Figure 47.~ Qutlet characteristics of eq1a -chord, opposcd
flaps with cover plate, showing effects of flap angle
and cover-plate clearance.

Figure 48.,- Outlet characteristics of unegual-chord, over-
lapping, opposed flaps, with large flap extcrnal, show-
irg cffects of flap angle and edge radius.

Figure 4%4~ Outlet characteristicg of unegqual-chord, over-
applng, ocpposcd flaps, with small flap external, shovw-
ing effects of Tlap ongle.

Tigure b0.-~ Cutlet characteristi
lapning, orposcd flaps, showi

¥ egnal-chord, over—
ffeetg of flap angle

Lzl UJ

Fimgure bHl.~ Qutlet characterigtics ¢f flush opening with
circuler duct, showing effects of duct angle and funnel
i

Figure H2.- Outlet characteristics of straight circular
pipe with zero rake projecting two diameters, showing
effects of fairing and tunnel velocity.
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Figure B5,~ Outlet characteristicg of fliush circular ducts
with and without hood covers, showing effcects of hood,
duct angle, and mouth obgstruction.

Tigurc 56.~ Outlet charactoeristics of external hood without
duct, showing effects of shape, length, and area of

ure 57.~ 0utlet characteristics of external hood without
duct, showing effects of guide vanes and hood height.

Figurg o8.= Outlet characteristics of recess opening with
15° recess, showing effects of guide vanes and cover
length. ’ )
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Figure 59.- Outlet characteristics of recess opening, show-
ing effects of hood length and projection, recess angle,
anrd gzuide vanes, ’ '

Figure 60.,~ Variation of orifice coefficients with orifice
pressure.

(a) Inlet from cross wind.
{b) Outlet into cross wind.

Figure 6l.- Variation of orifice coefficients with ratio
of orifice to cross-wind pressures.

{(a) Inlet from cross wind.
(b) " Outlet into cross wind.

Figure 62.~ Inlet characteristics of 0.05¢c opposed flaps at
0.175¢ location on W.,A.C.A. 0018 wing, showing effects
of flap angle.

Figure 63.~ Inlet characteristics of 0.08c opposed flaps at
0.800c location on N.A., C.A. 0018 wing, showing effects
of flap angle.

Figure 84.- Inlet characteristics of faired openings at nose
and 0.800c location on N.A.C.A. 0018 wing, showing ef-
fects of location and opening shapes.

Figurce 65.- Outlet characteristics of 0.05¢c opposed flaps
at 0.175¢c location on N.A.C.A., 0018 wing, showing ef-
fects of flap angle.

Figure 66,- Outlet characterigtics of 0.,05c opposed flaps
and faired opening at 0.800c location on N,A,C,A. 0018
wing, showing effects of flap angle and opening shape.

Figure 67.~ Inlet characteristics from wing tests, flaﬁ~
plate tests, and theory, redrawn for comparison.

Figure 68.-~ Outlet characteristics from wing tests, flat-
plate tests, and theory, redrawn for comparison,

Figure 69.~ Theoretical aerodynamic characteristics of in-

le; openings, showing the effect of inlet-velocity ratio,
v4/7V.
1/
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Figurec 70.,~ Theoretical acrodynamic characteristics of

utlet openings, showing the effect of duct angle.

Figure 71l.- Duct flowmeter calibrations and duct pressure
gradients, showing effect of obstructions.

Figure 72.- Duct flowmetor calibration set-up.
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Figs. 36,37
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N.A.C.A. 5 Figs. 48,49
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Figs. 50,51
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N.A.C.A. Figs. 52,53
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Figs. 54,55
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Figs. 56,57
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N.A.C.A. B Figs. 58,59
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N.A.C.A. Figs. 62,63
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N.A.C.A. i Figs. 64,65
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Figs. 70,71
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N.A.C.A. ) Fig. 72
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