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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

WIND=-TUNNEL INVESTICATION OF A HIGH-CRITICAL-SPEED
FUSELAGE SCOOP INCLUDING THE EFFECTS
OF BOUNDARY TAYER

By Norman F. Smith and Donald D. Baals
SUMMARY

A large air scoop designed for high critical
speed has been tested in the Langley 8=foot high-speed

tunnel on the fuselage of a T=scale fighter-type air-

plene., The scoop inlet arss was selected from con-
siderations of the total alr requirements for a
2000=horsepower engine. The critical Mach number of the
scoop tested (apart from the wing~scoop juncture)

was 0,75 at an inlet-velocity ratic of 0.6. This

valus of critical Mach number decreased to 0.67 at

an inlet=velocity ratio of O.4L. A slightly lower
critical speed was attained in the wing-scoop juncture,
The results of these tests indicated that high-critical-
speed scoops can be derived directly from high-critical-
speed three-dimensional nose-inlet shapes.,

The effects of boundary layer on scoop character-
istics were found to be important at all inlet-velocity
ratios, At low values of inlet-velocity ratio, the
positive pressure gradient ahead of the scoop entrance
caused the boundary layer to separate externally; this
separation caused significant losses in total pressure
in the scoop duct and high external drag. At high
inlet-velocity ratios, the boundary-laver air induced
separation in the scoop diffuser, which caused apopre-
ciable losses in total pressure.

A boundary-layer passage of height twice the normal
boundary-layer thickness, when operated at a sufficiently
high inlet-velocity ratio, eliminated internal losses
due to separation and effected a substantial decrease
in drag over that of the original scoop installation.
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INTRODUCTION

A research program has been initiated at the
Langlevy 8=foot high-spéed tunnel for the development
of high-critical-speed, low-drag, fuselage air scoops.
Much of the work oreviously done on air scoops has been
confined to the development of specific scoop instal-
lations for a given airplane with little considerstion
for the development of general scoop design criterions.
The present investigation was planned to yield results,
insofar as possible, that are generally applicable.

The tests were made with a generalized fighter-type

airplane model constructed to proportions in current
use and provided with a means for varying the scoop

air-flow quantity through a wide range.

In the first phase of the program, the results
of which are reported herein, tests were made of a high-
critical-speed air scoop mounted near the midposition on
the model fuselage. The purpose of these tests was to
determine the effects of fuselage boundary layer on the
scoop characteristics, to determine the requirements of
passages suitable for removal and disposition of the
bouvndary laver, and to obtain nerformance data on the
first of a series of scoops designed for high critical
apeed,

a, speed of sound in free-stream air, feet per second
Mo free-stream Mach number (Vo/ao)
Mep critical Mach number
a model angle of attack referenced to wing chord
line, degrees
e free=-stream density, slugs per cubic foot
q free-stre%m dynamic pressure, pounds per square
* 2

foot

5PV
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Ho

H

AH

free-stream total pressure, pounds ver square
foot

local total pressure, pounds per square foot
total-pressure loss, pounds per square foot

free-stream static pressure, pounds per squsare
foot

total-pressure-recovery ratio

local static pressure, pounds ver square foot

§ = Py
pressure coefficient *jg———
0

-scoop maximum frontal area (0.219 sqg ft)

wing area (13.85 sq ft)
drag, pounds

internal drag (to rake station), pounds

drag coefficient <' i)
<:Ds - Dint\

scoop external-drag coefficient s
9Py /

Reynolds number, based on fuselage length
of 6.66 feet

free-stream veloclity, feet per second
velocity at scoop entrance, feet per second
scoop iInlet-velocity ratio
boundary-layer-passage inlet-velocity ratio
boundary-layer thickness

length

nondimensional boundary-layer thickness

horizontal distance along model reference line
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h radius of duct, measured along pressure-tube rake
vy perpendicular distance from reference line
7! distance from fuselage mcasured along pressure-

tube rake
Ly radius
w width measured from fuselage center line

Subseripts:

W wing

)i fuselage

c line of centers for scoop radii (see fig. 3)
s SCoop

d auct

U upper surface

L lower surface

APPARATUS AND TESTS

Equipment

The Langley 8-foot high-speed tunnel, in which
this investigation was conducted, is a closed-throat,
circular-section, single-return tunnel with alrspeed
continuously controllable from about 75 to 550 miles
per hour, The turbulence ' 'of the air stream 1s low but
1s somewhat higher than the turbulence of free air.

Models

The model with which the investigation was conducted
18 an approximately g-scale model of a generalized

fighter-type airvlane. A three-view drawing 1s shown
in figure -1, and a general view of the model installed
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in the tunnel test section is shown in figure 2. The
fuselage fineness ratios (plan and side views), wing
location, chord, and thickness ratio were chosen as
representative of values used in current designs., A
canopy inctallation was omitted because its effect on
the present scoovn installation was not considered
significant. The fuselage outlines are symmetrical in
side and plan views and were derived from the NACA

111 body ordinates (reference 1), The fuselage cross
section at every station was composed of two semicircles
of radius wp, connected by straight lines. (See front
view, fig, 1,) The wing section is an NACA 66(215)-11l air-
foll section (reference 2) sat at an angle of incidence
5 badl Ordinates for the wing and fuselage are given

in table’ I,

A scale drawing showing the arrangement and prin-
cipal dimensions of the scoop installation is presented
in figure %, The scoop entrance was located at the wing
60-percent-chord station; the maximum section, at the
wing trailing edge. The scoop ssection was semicircular
with vertical side walls intersecting the wing and
fuselage, The maximum width of the scoop body was
equal to the maximum width of the fuselage, and the
maximun depth (below the fuselage bottom surface)was
equal to one-half the fuselage maximum width. The
inlet aréa was fixed at 0.0?é square feet model scale
or 1.95 square feet full scale to be in the range
required for current installations of 2000 horsepower,

The scoop-forebody ordinates (between the entrance
and the maximum scoop section) were derived from nose B
of reference 3. The nose R profile of reference 3 was
considered to extend back to the maximum section of the
original streamline body to which it was attached. The
resulting ordinates were modified slightly behind the
nose section to improve the falring and were then
apprlied in a nondimensional form to the scoop profile
between the inlet and the maximum~diameter stations.
The original nose B installation and final scoop
dimensions were as follows:

Original nose B
(reference 3%)

a/D 0,383 0.625
X/D 1.85 1010

Scoop
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where

a entrance diameter

D maximum body diameter

X distance from entrance to maximum section

The scoop afterbody consisted of an arbitrary
fairing from the scoop maximum section to the exit.
(See fig, 1.) The quantity of air flowing through
the scoop was controlled by varying the exit area by
means of a hinged portion of the fuselage behind the
scoop exlt (fiz. h). An electric-motor drive was
provided in order that the flow quantity could be
varied through a given range during each test.

The scoop duct expanded slightly (equivalent to
an 8° cone) from ths entrance to the scoop maximum
section and then contracted to a semicircular section
of approximately the same area as the entrance. At
this station, pressure measurements to determine inlet-
velocity ratio, internel drag, and total pressure were
made, The duct remained at approximately constant area
back to the hinged exit block, No simulated internal
resistance was employed in these tests in order to
permit attainment of the high inlet-velocity ratios.

The scoop installation with boundary-layer passage
1s shown in figure 5. Fuselage undercut, whiech starte
at the wing leading-edge station and reached a depth of
5/8 inch at the scoop entrance, provided the frontal
area necessary for the boundary-layer entrance., The
passage entrance was an annular segment 1/2 inch high

. :
with a g"inch—thick vane senarating the main duct and

the boundary-layer nassage. The passage was divided
by a wedge-shape divider and terminated in an exit on
each side of the scoop at the maximum section.

An installation with a large amount of fuselage
undercut ahead of the scoop was constructed (fig. 6).
The fuselage was_undercut to the wing lower surface

L
(approximately 15 in, at the scoop entrance), The
resulting boundary-layer-passage entrance was rectan-

dr oL X
gular and was provided with a zF=inch aluminum vane made

8
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detachable to permit variations in entrance helight.

The passage exits were vrovided with removable nplates
by mesans of which the exit areag and the air-flow
quentity in the boundary-layver passage could be varied.

Measurements

Boundary-layer precfiles wers measured oy means of
small movable rakes of totale-pressure and static-pressure
tubes located at various stations on the fuselage surface.
At the scoop entrance, the ertrance rake was used to
determine the boundary-layer profile, The values of
boundary~layer thickness were taken as the distance
from the model surface to the point beyond which the
local total-pressure loss was less than 5 percent of
the free-stream dynamic pres:ure. In order to evaluate
the effects of boundary-lave: transition occurring near
the nose of the fusslage, bommdary-layer measurements
were made for certain configwations with transition
fixed at the 10-percent fuseiage station by means of a

g : A 2
=-inch peripheral band of No., 60 carborundun grains

shellacked to the surface, Data presented are for
natural transition except as otherwise indicated.

Force measurements were made with wing, with
wing and basic fuselage, and with wing, fuselage, and
scoop in order to evaluate the drag of the various
scoop configurations.

The scoop was provided with thres longitudinal
planes of surface pressure crifices (fig. 3): at the
bottom center line; 60° from the bottom center line;
and on the 3lde of the .s3coop, 1/l inch (at the closest
point) from the wing-scoop juncture. Rakes of total-
pressure and static-pressure tubes were installed in
the scocp entrance (fig. 3) to obtain entrance total-
pressure-recovery profiles and within the duct to obtain
internal drag and average inlet-veloclity ratios. Small
rakes of total-prsssure and static-pressure tubes were
installed in one of the two exits of the boundary-layer
duct to obtain average inlet-velocity ratios and internal
drag, and at warious locations in the boundary-layer
inlet to obtain local values of the inlet-velocity
ratio, For several tests, wool tufts were attached at
various points on and ahead of the scoop in order that
the flow conditions might be observed and photographed.
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Most of the tests were made at three Mach numbsrs,
0,30, 0.40, and 0.65, and at three angles of attack, Oo,
30, 4nd 6°, ~Certain-configurations were tested through
a Mach number rang° from 0.20 to approximately 0.70
and througk an angle-of-attack range from 0° to 60 or
to the highest value rermitted by model structural
limitations. A curve of anproximate Reynolds number
for the Mach number range of the tests is pressented
in figure 7.

RESULTS AND DISCUSSION

Boundary-Layer Surveys

FPuselage.- The pressure distributions over the' top
and boftom surfaces of the fuselage (without scoop) are
shown in figure 8. The results of the boundary-layer-
thickness survey on the bottom center llﬂ“ of the fuselage
are presented in figure 9. The values of boundary-
layer thickness ars expressed nondimer S;OQ WL‘ as
fractions of the fuselage length, The effects of
Reynolds number or Mach number are shown to be small
for the rangse’' of the tests, The elffect ol Tizxing
trensition near the nose ©f the fuselaﬁe is to increase
the boundary-layer thickness by about 1|5 percent at low
angles of attack at the farthe rearward station at

LD ch

S
which the measurements were mad

Fuselage with or$g1nal scoop 1nst371 tion.= The
pressure distributlons on ths botiom center 11 of the
fuselage with the scoor are shown in ilgur. 10 for thres
values of scoop inlet-velocity ratio. <Comparison of
this figure with figure 5 shows the positive pressure
gradient due to the scoop. PFigure 10 indicates th
the static pressure does not reach the value that miqht
be expected at the scocp entrance at the low inlet-
velocity ratios but drops sharply just ahead of the

scoop, evidently because of flow separation.

The variations of boundary-layer s s along
the bottom center line of the fuselage wi 2 SCoOop
are shown in figure 11 for scoop inlet=velocity ratios
from 0.0 "Co "0.90, " The bouuda"v-layﬁ thickness along
the fuselage at the highest inlet-velocity ratio is
approximately the same as that shown for the fuselage
without the scoop (fig. 9), because only a smal
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positive pressure gradlent exists-ahead of the scocp at
high inlet-velocity ratios. As the scoop inlet-velocity

ratio is decreased, the increase in positive pressurs
gradient causes abrupt increases in boundary-layer
thi kn@sq immediately zhead of the scoop entrance wtil,
at ﬁl 0.20, the boundary layer almost completely
SDans the entrance, The thﬁckness of the boundary layer
for this condition is about & times the normal value.
It is avperent that, in advancing into the adverse
pressure region ahead of the scoop, the boundary layer
has separated the flow and produced a large region in
which a substantial loss in total pressure occurs.

The effect of inlet-velocity ratio on boundary-
layer thickness at the scoon-entrance centsr line is
shown in fi?ure 12 fopr . both nabtural and fixed:transition
throuvgh a fax”a of values of Reynolds number. . An abrupt
increase in 6/Zo is shown %o oceur when Vy/V, 1is
decreased to values below 0.6, Reynolds number effects
on boundary-layver thickness, for ;
tests are secondarwy to thé effe
ratio, type of transition, or ang

Characteristics of Qriginal Scoop Installation

Tuft surveys and internal flow,- In order to
determine the type of Ilow that occurs in the wicinity
of the scoop entrance, wool tufts were placsd at
various locations on the model and photogravhed. Tuft

photographs for the range of inlet—velou¢ty rgtios are
ﬂrﬂspltsd in figure 13.

The corresponding total-pressure-recovery profiles
at the scoop entrance and at the duct rake are rwr'escnnu—“«'q
with each photograrh, The total-pressure-recovery ds

are presented in the form

This ratio expresses the impact pressure {(refererced

to free-stream static pressure) avallable at a particular
point as a fraction of the impact pressure available in
the free stream. The total-pressures-rscovery profiles

at the entrance station were measured with a rake
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mounted vertically at ‘the center line of the inlet.

The profiles in the ‘duct wére measured with two radial
rakes at a station (fig. %) where flow conditions hsad
become steady and uniform. The duct profiles therefors
“are. an indication of the average flow losses ahead of
that station.

The substantial loss in total pressure that is
encountered at the entrance and duct stations at low
inlet=veloecity ratios is a result of the thickening and
separation ‘of ths houndary layer ahead of the sScoop
entrance. The tuft photographs show clearly that the
flow is separated, not only in the Scoop entrance but
also well ahead of the entrance and in the wing-scoop
Juneture. Increasing the inlet~velocity ratio to a
value of 0.6 decreases the  total=-pressure losses.

Above this value, the duct total-nressure losses
~dnerease in splite of constantly decreasing boundary-
layer thickness at the scoop entrance. The average
.value of total-prdssure-recovery ratio for the highest
value of .V;/V,, from figure 13(f), is 0.8, 'The
losses, as is shown later in results of tests with the
boumnmcary layer removed, are a result of increased
diffuser losses caused by separation of low-energy
boundary-layer air in the diffuser, The tuft rhoto-
graphs- show gradual improvement in external flow
conditions with increase in Inlet-velocity ratio.

7 e »
At —k = 0,90, all tufts are steady and smooth flow

9

into the scoop takes place,

Typical effects of increasing angle of attack on
flow ccnditions are skown in figure lii for a medium value
Qf Vi/VO. The total-pressure loss decreases slightly
a8 the angle of attack increases, (Compare fig. 1l
with fig. 13(c).,) The tuft photographs also show some
improvement in external flow.

The effects of boundarv laver are shown to be
important through the entire range of inlet~velocity
ratios from 0.2 to 0.9. At low inlet-velocity ratios,
the boundary layer separates ahead of the scoop entrance;
at high inlet-velocity ratios, the flow separates within
the diffuser. In all cases, serious losses in total
pressure result,
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Pressure distributions.~ Pressure distributions
for three longltudinal planes on the scoop are given
in figure 15 for the range of inlet-velocity ratios.
At high inlet-velocity ratios, the pressure distribu-
tions have low peak negative pressures and no large

adverse gradients. BRBelow {l-: 0.5, pressure peaks

r

o v
appear at the scoop lip and continue to rise as the

inlet-velocity ratio is decreased to the minimum test
value. This change of pressure distribution is to be
expected, since a decrease in the scoop dnlet-velocity
ratio corresponds to an increase in the local angle of
aprack™at the*lip.

Critical Mach number.- The crit 091 Mach numbers
for the three planes of the scoop are shown in fig-
ure 16, These values of Myp were obtained from the
measured pesk pressures; when necessary, the measured
peak was extrapolated beyoud ths thhest test speed
by the von Kérmédn relation \referupoe lLl). The decrease
in Mgy with decreasing V7/V, is a result of the
p 1lip at low values of

pressure peaks over the scoo
Vi Ve

Vi
The slope of the M., curves below A Qe 18
] ,
less than the slope determined from tests of the same
inlet opening with the fuselags boundary layer removed.

This effect is due to the flow separation sghead of .the
inlet previously shown. It -is . thus indicated that the

external flow over the scoop can be seriously affected
by the action of the fuselage boundary layer ghead of
the s8coop. Tb% values of Mgy shown for Inlet-velocity
" v1 ’ A §
ratios below v— = 0.6 have no practical application
o}

because the external flow in this range is seriously
separated and the drag has already bscome excessive,
The critical speed is lowest for the wing-scoop juncture
and highest for the scoop bottom center line for all
-values of Vl/V . Measurement of wing peak negative

nressures at several spanwise stations near the scoop

installation showed no change in the critical Mach

number of the wing due to addition of the scoop. The
ritical Mach number for the scoop, on the other hand,

is shown by figure 16 to be affected to an important
extent by the flow field of the wing, This result
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exemplifies the adverse effect on critical speed that
is encountered when a scoop 1s located in the superstream-
velocity field of a body.

Drag.- Figure 17 shows the drag characteristics of
the wing, the wing and streamline fuselage, and the wing,
fuselage, and original scoop installation at the design
angle of attack of 0°, Drag-coefficient curves for the
scoop installation are given for a low, a medium, and a
high scoop inlet-velocity ratio. The drag of the model
with the scoop installation includes internal drag and
the drag of the hinged exit-control block, These data
show the drag characteristics of the basic model and
the changes that occur with variations in scoop inlet-
velocity ratio, The large increase in drag that occurs
as Vy/V, is decreased (fig. 17) is a result of the
flow separation.

(<

Charatc

)

eristics
undary-Laver Passa

O

The data from tests of the scoop without boundary-
lavér passage clearly indicate the necessity of® providing
a means for handling the fuselage boundary layer in
the. vicinity of the scoop entrance., For cetermlning
the necessary dimensions of the boundary-layer inlet,
figure 11 gives a pessimistic indication of the thickness
of the laver that should be removed for a scoop overating
at low inlet-velocity ratics. On the other hand, 1t
was presumed that removal of the normal thickness of
Loundary laver at a relatively high inlet-velccity ratio
might largely eliminate boundary-layer separation or
growth,

The moGified scoop installation was »rovided with
a boundary-laver vascage having an entrance area =
2.5 square inches and a height of 1/2 inch (about twice
the normal boundary-layer thickness at this station ).
The scoop duct entrance was the same as for the original
scoop, In order to provide frontal area for the boundary-
laysr passage, the fuselage was partially undercut. (See
fig. 5.) The passage exits were located near the wing
trailing edge at the scoop maximum section where the

surface pressure coefficisnt was of the order of O s
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coop characteristics are presented. in detail for
a boundary-layer-nassage inlete-velocity ratio of
anproximately 0.5, which was found to be adequate;
the effect of vassage inlet-velocity ratio and other
variables are discussed later in separate sections.

Tuft surveys and internal flow,- Tuft photographs
and total-pressure-recovery prcfiles are shown for the
scoop with the boundary-layer passage in figure 185,
~No loss in total pressure at the entrance is encountered
for the entire range of scoop inlet-velocity ratios,.

station occurs until high inlet-velocity ratios are
reached, The losses at this condition are approximately
one-half those encountered in the scoop without the .
boundary-layer passage (fig. 13). The tuft photographs
show neither irregular nor separated flow for the

entire range of scoop inlet-velocity ratios. The
necessarily divergent flow ahead of the scoop entrance
is evident &t low Inlet-velocity ratios, but virtually
no unsteady flow exists,

Pressure distributions.~ The pressure distri
over the scoop with The boundary-layer passage are g
in figure 19 for angles of attack of 0° and 3°. fTh
shapes of the rressure distributions and the changes
that occur with changes in inlet-wvelocity ratio are
similar to those shown in figure 15 for the scoop
without the boundary-laver passage. The peak negative
pressures at the low inlet-velocity ratios are higher,
however, because of the prevention of separated flow
by the boundary-layer-passage installation.

3
f i

Tne pressure~-distribution data for the three
planes of the scoop show the necessity for designing’
air scoopns as three-dimensional bodies. Several tests
of scoop installations on svecific airplanes {(unpublished)
substantiate this indication by showing separation over
scoop sides that were essentiglly flat. The sides of a
scoop should bhe designed with proportions and ordinates
similar to those used for the bottom plane,.

Critical Mach number.- Figure 20.shows the critical
speeds oI the scoop with the boundary-layer -nassage for
an angle-of=-attack range from 0° to 3°. These data
establish this scoop as a high=-critical-speed instal-
lation., The critical Mach number of the scoop (apart
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from the wing-scoon juncture) at a = 0° was 0s7H at
an inlet-velocity ratio of 0.6. ' This value of critiecal
Mach number decreased to 0,67 at an inlet-velocity
ratio of O,li. The slightly lower critical speed in the
wing=-scoop juncture at high inlet-velocity ratios was
dve in part to wing interference and in part to the
epproximately constant inlet-velocity ratio in the
boundary-layer passage ¥

The results of these tests show that high~critical-
speed scoops can be derived directly from the ordinstes
of high-critical-specd three-dimensional nose inlets.

The derivation of scoop profiles on this basis appears
promising and should be considered in future investi-
gations directed toward the development of high-critical-
specd scoops. A comparison of the eritical Mach number
characteristics of this scoop with the characteristics

of a corresponding thrée-dimensional nose inlet is gilven
in reference 5 along with a discussion of the apnlication
of nose~inlet design data to the design of fuselage scoops.

Abrupt decreases in eritical lach number occur
when the inlet-ve 7ocit; ratio is Jowered below O. 6.
Comparison of figure 20 with fisure 16 shows the extent
to which the Cflnlel ~speed characteristics of the
scoop were altered by the boundary-layer separation
hat occurred at low lnlet ve10cﬂ+” ratios when no
boundary-layer passage was provided The higher
valves of M,y obkalned at low inlet—velocity ratios
for -the orlginal scoopn installation (fig. 16) do not
have thelr usuval significance, becaude the external
flow 1s separated throughout the speed range and the
resulting drag has alroauy reachad excessive velues
before the critical Mach number is resached. The
critical Mach numbers at the high values of Vy/V,

are approximately equal for the two installations.
These results show that wind-tunnel tests to determine
the critical speed of a séoop installation may yiald
results greatly in error if boundary~layer passages
are omitted from the model for simplification, : Withs=
out boundary=-layer passages, entirely different flow
condi tions are produced, ﬂhLCh alter to an important
extent the critical-spo ed,ldrug, and internal-flow
characteristics of the scoop installation.

D

Effect of boundary-layer-passage inlet~velocity
- e data presented in figures 18 to 20 are for
an average <y1/vq> . of spproximately 0,5. For gll
““/ BL

test values of boundary-layer-pasgage inlet-velocity
j at the entrance

ratio, the local value of (Vi/V,
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center line was found to be betwsen 0.2 and 0,3 higher

than the average value. Figure 21 presents, tuft

photographs for aversage vl/LO) 0.2. Comparison
‘.|J

of this figure with Pigure 13 shows a proncunced
change in external flow, varticularly at low values
of Vy/Vys The tufts show usteady flow ahead of the

Seoop and in the wing-scoop juncture, The total-
pressure-recovery nrofiles (not vpresented), however,
showed nho change from those presented in figure 15.
Measurement of the recovervy profile in the scoop
entrance approximately 1/2 inch from the side of the
entrance likewise showed noc apprec ciable 1oss there.

H'“

A test-was made with tqe boundary-layer-passage
exits sealed, For this ccondition & local (Vl/VQ)BL

of about 0.3 was measured at the entrance center line,
an indication that the flow waa ente ﬂzng at the ‘eenter,
reversing in the nassage, and spilling from the sides
of the passage entrance. A small decrease in total-
pressure recovery at the duct rake was measured only
at high duct inlet-velocity ratios, an indication that
a small amount of houndary-laver awr was spllling finto
the main duct for that condition, The satisfactory
inlet-velocity ratio maintained in the center of the

b01ndaPV-1avPr—“hssa;e entrance apparently prevented
the boundary laver fr spilling into the main duct
there; at the sides of the entrance, the air spilled
“into the lower-rvress region of the wing-scoop
Juncture rather than to the higher-pressure region
of the main duct. B 3¢ of this cross flow and
spillage, the flow in the main duct was not adversely
affected by the decrease in (\1/v )BT' he external
-
a

flow, however, is ser ly affected, as is shown by
s

the tuft photogranh

Drag. The drag data are presented as scoop

xternal~drag coefficients CDF based on scoop maximum

frontal area. The internal drag in the boundary-layer
passage, measured at the passage exit, and the internal
drag in the scoop duct, measured at the cduct rake
station (fig, 3), have been deduc ted from the over-all
drag of the scoop. The drag coefiicients presented
therefore include the internal drag in the rear half of
the scoop duct, the exit losses, and the: draz of the
exit-control blOuK iri addition to the scoop drag. The
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drag values therefore are somewhet higher than those
for other scoop installatlions, because the 8cocp
configurations as tested dld not represent the optimum
design from drag considerations.

Drag data are presented in table IT for ranges
of scoop=-duct and bouncary-layer-passage inlet-velocity
ratios. The reduction in drag made nossible by the
boundary-laver passage over tha® of the original instal-
lation is evident from the data for the high value

T = he 7V 1e £ T
of (Kl/VO>BL. For the low value of (IL/\C A
however, the drag is higher than for the original
installation. The drag characteristics are shown to

be sensitive to changes in (vl/vc) and indicate
BL
that the valus of (VW/VO) must be high enough to
1 BL

prevent separation of spillage from the side of the

passage entrance. Increasing (V7/Vo>qr to above 0.5
RS )

might result in further Gecreases in édrag; however, 5

higher passage inlet-velocity ratios wers impossible

without the use of exit flaps.

Effect of undercutting fuselage.- In order
evaluate Tre effects of a large amount of undercut
ahead of the scoop entrance, the installation was
modified as shown in figure 6. Such a modification
is of interest as a method of increasing the entrance
area of a scoop without increasing the maximum frontal
area and to give some Information applicable to submerged
or pvartially submerged scoopr installations. The amount

of undercut at the sccor zntrance was approximately
i

S
L

lH inches, or one-na
height. The entrance are
to 0.0927 square foot, whi

f +e original scoop-sntrance

in area.

Tuft photographs and total-pressure-recovery
profiles are shown in figure 22, The pressure-recovery
profiles are similar to those presented in figure 182
The tuft photographs, however, show that the flow 1is

unsteady, particularly at the low values of Vl/Vo'

In an attempt to improve this condition, the value
of (Vl/VO)BL was increased to 0.7 by means of exit
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flaps, Tuft photographs for this condition are shown

in figure 23 for four values of Vl/V « Some improve-
ment in the flow is apparent, but considerable tuft
motion still exists., Observation of these tufts, over

a period of time showed that the flow ahead of the

scoop was alternately rough snd smooth, The amount

of undercut In this installation i1s therefore apparently
critical, Further undercutting wbuld probably.result

in failure of the ai¥ to follow the fuselage surface.

The drag data for this installation are glven 1n
table II(c). The drag coefficient is slightly less
t installation at the

c
than for the vpartially undercu
high inlet-velocity ratio. 4t low WV, /V liowe ver

: : 15 02 »
the drag igs higher, because of the lower value

of (Vl/VO)BL and the slight separation indicated
by the tuft photographs.

Effect of varying boundary-layer-passage height.-
The h&Ight of the passage entraice was reduced [TOM
1/2 inch to 5/16 inch for several tests. (The normal
boundary-layer thickness at the scoop-entrance station
on the streamline fuselage is approximately 5/16 in.)
The total-pressure-recovery profiles for this ¢ondition
(not presented) show a small loss near the lip, an
indication of boundary-laver spillage into the duct.

e in external drag at
Q

Table II(c) shows a large increas n

low inlet-velocity ratios. Although these tests are
not conclusive, it is indicated that use of a boundary-
layer-passage height somewhat in excess of the normal

boundary-laver thickness at (Vl/vo)gL = 0.5 or less
Fal

may be advisavle, particularly for scoops operating at
low or medium inlet-wvelozity ratios.,

ANNOTITNTNA RTVAR
GUNC LU ENG ol .é‘,ﬂKS

A large air scoop designed. for high critical speed
4 . 1 .
has been tested on the fuselage of a —-scale fighter-

Fal

type airplane. The critical Mach number of the scoop
(apart from the wing-scoop juncture) was 0,75 at an
inlet-velocity ratio of 0.6. This value of critical
Mach number decreased to 0.67 at an inlet-velocity

ratio of O.4. A slightly lower.critical speed was
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attained in the wing-scoop juncture, largely because of
the flow field of the wing. Pressure measurements over
several planes of the scoop indicated that the sides of

a scoop should be designed with proportions and ordinates
similar to those used for the bottom plane.

The results of these tests showed that high-critical-
speed scoops can be derived dirsctly from the ordinates
of high-critical-sveed three-dimensional nose inlets.
The derivation of scoop nrofiles on this basis appears
promising and should be considered in future investiga-
tions directed toward the development of high-critical-
speed sScooOpS.

The positive pressure gradient ahead of the scoop
at low inlet-velocity ratios caused the fuselage
boundary laver to separate and to attain a thickness
at the scoop entrance approximately 8 times the normal
boundary-layer thickness. At inlet-velocity ratios
anproaching unity, the boundary layer at the scoop
entrance was of the same thickness as that on the
fuselage without a scoop.

The effects of boundary layer on scoop charac-
teristics were important at all inlet-velocity ratios.
At low values of inlet-velocity ratio, significant
losses in total pressure avallable in the duct and
large increases in external drag were found te occul
as a result of flow separation ahead of the scoop
entrance. At high inlet-velocity ratios, the boundary-
layer air induced separation in the scoop diffuser,
which caused equally significant total-pressure losses.
The critical Mach number of the scoop installation was
altered by the external separation occurring at low
inlet-velocity ratios.

A boundarv-layer passage of height about twice the
normal fuselage houndary-laver thickness eliminated the
internal losses in the scoop duct due to the boundary
layer. The inlet-velocity ratiao in the houndary-layer
passage was indicated to be of importance for, with
increases in boundary-laver-passage inlet-velocity
ratio, the external drag of ths installation decreased.
A boundary-layer-passage inlet=-velocity ratio of 049
was found to give a substantial reduction in drag and
to provide (as shown by tuft surveys) smooth external
flow; however, additional improvement might be realized
at higher passage inlet-velocity ratios.
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Undercutting the fuselage ahead of the scoop by
one-half the orisinal scoop-entrance height, as a
means of lncreasing tho scoon-entrance area, was indi-
cated to be critical from consideration of fuselage
flow sevaration. '

Langley Memorilal Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,
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TABLE I.- MODEL ORDINATES

E‘,ll measurements in in. Seé figs. 1 and 3;'
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Fuselage Upper ] Lower Scoop and duct
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2),,50 6.L9| = 15.215§1.57u13.1€7p4J272 11.0}6.2513.89|2.71
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2,00} 6,19/ ‘l 17. 614 LB1TI17.586] =+ €55 | 1Le0 5,97 2,66]2.79
L.00| 6.06L.00 18.7101 .57E118,6901 =+L5E 5.015,8313.56{2.83 \
1,6.00] 5.9 {397 | 10,806 ~3L5119.79 =«268 17.015.50}3.37| 2.87
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511450} 5403 369 ! | 3
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55,20 [1.9213+65 L ‘
56450 Le 72 {3 «5k
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TABLE II.~ EXTERNAL-DRAG COEFFICIENTS
TOR SCOCP INSTALLATIONS

7 . O-',
e = 05y

1/,

|
l
i !
0.20 % “.225

40

.90 ak e
(b) Scoop with boundary-layer passage; partially
undercut fuselage; M = 0.30

§
% |
V /'\f 1 S
3 0 F 7
I
0,22 | - 0.168 0.2l 0.260
\
«35 ‘ .1h5 47 .19&
RS .98 103
1
(c) Scoov with boundary-layver passage; fully
undercut fuselage; M = 0.3%0
Passage-entrance height, Passage=entrance height,
1/2 in.; /16 1n.s

V. /".,)‘ ) - N ‘ I 4,0 O 5 a
v /N e L v /-
( 1770l gy, p

P .

(Vi/Vo)BT = 0.4

| !
i

7 @ T 4 Cn
"ll/VO VDP V ‘14/\1 0 i b ‘
Ol szal D211 0.19 U260
«32 177 29 .190
05:’) -120 . 20 .1—)0
8l .10l .80 .103
a(Vl/Vb)BL decreased as Vy/V, increased.
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Figure 18.- Tuft photographs and total-pressure-recovery profiles for scoop
with boundary-layer passage and partially undercut fuselage. :
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Figure 21.- Tuft photographs for scoop with boundary-layer passage and
partially undercut fuselage. a = 0°; My = 0.20; (Vy/V,)pg, = 0.2.
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Figure 22.- Tuft photographs and total-pressure-recovery profiles for scoop
with boundary-layer passage and fully undercut fuselage. a = 0°; Mo = 0.40;
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Figure 23.- Tuft photographs for scoop with boundary-layer passage and
fully undercut fuselage. a = 0% My = 0.20; (Vy/Vo)pgy = 0.7.
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