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PRELIMINARY INVESTIGATION OF A SUBMERGED AIR SCOOP
UTILIZING BOUNDARY-LAYER SUCTION TO OBTAIN
INCREASED PRESSURE RECOVERY

By Mark R. Nichols and.P. Kenneth Plerpont
SUMMARY

A submerged air scoop consisting essentially of a conventional .
scoop located in a dimple in the fuselage surface has been lnvestigated
preliminarily at low speeds. The inlet had an entrance wldth—height
ratio of about.3.7 and a steep approach ramp (19° at the entrance) which
provided a short and compact lnstallation. The lnternal and externsal
flow characteristics of the basic Inlet wlithouht boundary—layer control
were gtudied by means of pressure and tuft surveys over a wide ranges of
inlet~veloclty ratio. Shtudles were then conducted to determine the
effects of boundary—layer conirol, suctlon—slot location and model
configuration, and varietions of boundary—layer thickness on inlet
performance. A gelf—actlivating boundary—layer bypese was incorporated
in the final arrangement tegted. An indicatlon of the extermal drag
was obtained by weke surveys downstresm of the scoop and by pressure-
surveys In the boundary—layer suction flow.

In the presence of a thin initiel turbulent boundary layer
repregsentative for a fighter alrplans in the high—speed high—altitude
flight condition, the peak total-pressure recovery at the end of the
2:1 area ratio diffuser of the basilc inlet without boundary—layer control
wag O.83q_o and occurred at an inlet—velocity ratio of 1.,1. Application

of boundary—layer control increased the pxéssuré recqvery markedly over
the entire Inlet—velocity—ratio range and shifted the peak pressure
recovery to a much lower value of Inlet-wvelocity ratio. In the final
arrangement tested, a suction quantity of 11.7 percent of the entering
flow produced calculated increases in maximum net thrust of 6.2 percent
or greater and calculated reductions in specific fuel consumptlion of

3.1 percent or greater (compared to the basic inlet without boundary—
layer control) for a typical jet—engine installation operating at a
flight speed of 600 miles per hour. It appears that the flow instability
frequently encountered in the cage of twin intermnally coupled inmlets will
be avolded with this arrapgement for design highyepeed Inlet—velocity

ratios as low asg 0.5. .
Gens SR
UNCLASSIFIED
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Appreclable increases in the thickness of the initlal boundary
layer caused slgnificant decreases 1n inlet performance which cannot be
overcome simply by increasing the suction quantity. Hence, the inlet
appears desirable for application only at forward locations on the
fuselage where the boundary layer is relatively thin.

INTRODUCTION

In modern thin-winged fighter ailrcraft, egqulpment such as the radar
gcammer snd gung must be located on the fuselage nome. This placement
of equipment frequently rules out the nose inlet and necesslitates the
uss of elther the wing-roct Inlet or the fuselage scoop. The aubmerged
version of the fuselage scoop, the subject of this paper, 1s of Interest
in such cases because installation usually can be accomplighed without
increasing the frontal area or changing the basic lines of the body and,
presumedly, without increasing the drag of the body importantly. A
secondary adventage of the submerged scoop is that the ingestion of
forelgn materisl into the ducting la reduced as compared to other types
of inletes by external inertia separation.

A satisfactory Intermal-flow pressure recovery 1s more difficult
to achieve with a submerged inlet then with a conventional protruded
inlet for two reasons: (1) the submerged approach remp tends to confine
the boundary layer approaching the entrance and to prevent it from belng
swept outboard arcund the entrance, as happens to an Important extent 1n
the cage of the protruded inlet (see reference 1); and (2) the flow
shead of the entrance must turn inwaerd where the Ffloor of the approach
ramp dlverges from the basglc fuselage contour. This turning of the
flow decreases the surface pressures in this region and thus, by
increaping the magnitude of the over—ell presgure rige along the ramp,
causes the boundary layer on the ramp to thicken more rapidly and to
soparate farther upstream than in the case of the protruded inlet. The
increased flow veloclty 1n thils reglon also may cause Important decresases
in Internal—flow pressure recovery due to boundary-~layer—shock inter—
action at free—stream Mach numbers appreciably lower than those for the
protruded inlet. :

One type of submerged inlet, described in references 2 and 3, has
been Investigated previously by the Naticnal Advisory Committee for
Aeronautica. Thls inlet has an approach ramp which diverges from the
baslc fuselage surface at an angle of about 7° and 1s bounded at the
gldes by trumpet—shaped walls which are approximately perpendicular to
the fuselage surface. As described In referercs 3, vortices originating
at the tops of these ramp walls prevent most of the boundary layer
outboard of the ramp wallg from emtering the ramp in the high—apeed
range of inlet—velocity ratio. Thus, as in the cape of the protruded
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inlet, a large proportion of the fuselage boundary layer bypasses the
entrance In this range of inlet—velocity ratlo. As stated in refer—
ence 3, the effectiveness of this gelf-ectivating boundary—layer
control decreases as the Inlet—velocity ratio is increased to values
typical for climbing flight because a large proportion of the vortex
flow then enters the inlet.

A gpecond type of submerged inlet 1s the subJect of the present
investigation. This inlet, deslgnated a submerged scoop, consists
egsentlally of a conventional scoop located in a dimpie in the fuselage
surface deep énough to permit complete submergence of the alr inlet and
wlde enough to provide "gutters" on each side of the scoop. If a large
proportion of the ramp boundary leyer can be made to bypass the entrance
through these gutters, this arrengement, in the absence of shock waves,
should ‘provide internsl—flow pressure recoveries only slightly lower
than those obtained wlth conventional protruded inlets.

Inasmuch as a sultable high—speed facility was not Immedlately
avallsble for this type of research, the present preliminary phase of
the investigatlion was conducted at low speeds in the %%-—scale model of
the full—-scale tumnel, which 1s described in reference 4., The results
obtained obviously are directly applicable only to subcritical flight
Mach numbers. Large changes 1in the performance characteristics of the
inlet might occur at flight speeds appreclably exceedling those corre—
sponding to the initial attaimment of sonic velocity on the approach
ramp. : : : _

The model wag installed In & groundboard curved in the transverse
direction to simulate the slide of & typlcal fuselage. The test inlet
had a wldth-helght ratio of about 3.7 and incorporated a steep approach
ramp (19° at the entrance) which provided a short and compact instal—
lation at the expense of an Increase 1n the magnltude of the negative
preagure peak at the start of the approach ramp. The Ilnternsl and
external flow characteristics of the basic inlet without boundary-layer
control were studied by means of pressure and tuft surveys over a wide
range of Inlet—velocity ratlo. Studlies were then conducted to determine
the effecta of boundary—layer control, suction—slot locatlon, and model
configuration, and varlations of boundary—layer thickness on inlet
performence. A gelf—actlvating boundary—layer bypass was lncorporated
in the final srrangement tested. The beneflits obtained by the use of
. boundary—layer control are discussed quantitatively in terms of the

performance of a typical Jet—engline Iinstallation.

External drag could not be determined directly 1in the present tests

because of the obvious limitatlons of the experimental apparatus. An
indication of the drag characteristlcs of the Inlet at subcritical speeds
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was obtained, however, by means of wake surveys downstream of the scoop
and. by pressure surveys in the boundary—layer suction flow.

SYMBCIS
Cp drag coefficient ( Drag
doAi1
Cq suction—flow coefficlent. based on boundary—layer thickness
20 inches shead of scoop 1lip '
Vob*b
Cq suctlon—flow coefficlent based on Inlet area of maln duct
(A% % (‘2)
AL Q. \Vo
_ Qg
V;/Vo inlet—velocity ratio
' AL
A aresa
b span of suctlon slot
H total preasure
i: boundery—layer shape 'pardmeter (%i)
h inlet helght of bbundary—layer glot
Mo predicted critical Mach number
o) gtatic pressure
i PQ
P gstatic—pressure coefficient | ———
Q5
Q volunme rate of flow
1l .o
q dynamic presaure Ky oV
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v flow veloclty
x distance parallel to surface of fuselage (see table I;

gtation O corresponds to lip leading edge of configuration I)
¥ distance from plane tangent to fuselage at center line of Inlset

(See table I.)
y! distance measured perpendicular to gurface
z distance from plane of symmetry of inlet (See table I.)
yo) mass density of alr .
5 ‘total thickness of boundary layer

. 5 v _
5% displacement thlckness of boundary layer (l - V_) ay?

' : o b
; B .
2] momentum thickness of boundary layer X1 - X dy!
: o Y Vb :

Subscripts: ‘
av average value welghted accordlng to mass flow in case of main
- duct and according to area in case of suctlon ducts
b point Just outsilde boundary layer
a end of diffuser of maln &uct
1 -point of minimum area near entrance of main duct
o 'free stream
=] boundary—layer suctlon flow
1 suction gslot in ramp ahead of entrance
2 suctlion slot 1n duct floor downstream of entrance

PO TR
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APPARATUS AND TESTS

A schematic dlagram of the test setup 1s shown in figure 1 and
views of typlcal scoops are shown 1n figure 2. Line drawlings comparing
the six scoop configurations are presented as figure 3; details of the
boundary—layer-removal systems are given in figures L and 5; and surface
ordinates are glven in tables I and IT.

The minimum area near the entrance of the maln duct was 25.1 square
inchesg for configurations I, IT, and ITI and 24.7 square inches for
configurations IV, V, and ¥VI. The measuring statlon in the inlet was
located in the diffuser 3.4 inches downstream of the lip. The upper
and lower walls of the internsal diffuser diverged at an included angle
of 6° from the minimm area station to an area of 49.7 square Inches at
the rear mesguring station so thet an area expension ratio of about 2
wag provided.

The internal—flow system (fig. 1) included an axial~flow fan and &
butterfly—type valve in the maln duct and In each boundary—layer—removal
duct to permit testing over wlde ranges of flow rates. The quantlity of
Internal flow in each duct was measured by means of a calibrated
venturi. In the final configuration tested, a part of the boundary—
layer suctlion flow was not carried outside the tunnel but was ducted to
exlits - at the sldes of the scoop as might be desirable in an actusl
ingtallation. (See figs. 2(d), 2(e), and 5.) In this case, the suction
flow wes determined from the reasdings of total-pressure and static—
presgure tubes located Just inside the exlts of the bypase ducting.

(see fig. 6(e).)

Pressures at the entrance and emd of. the diffuser of the main duct
end at the ends of the diffusers of the boundary-layer slota were
measured by means of the rakes of total-pressure and static—pressure
tubes located as shown in figure 6. The inlet rake of the main duct
was always removed when measuring pressures at the end of the diffuser
of this duct. Surface pressure measureéements were obtalined by the use
of flush orifices. Boundary—layer surveys ahead of the inlet were
conducted using a total—pressure and statlc—pressure probe suspended
from a rigld frame above the test sectlon. The total—pressure tube in
this probe was of 0.040—inch—outside—dlameter. tubing (0.002—inch wall
thickness) flattened mo that the over—all thickness of the front end of
the tube was 0.012 inch., A micrometer screw at the top of the boundary—
laeyer—probe support strut permitted accurate positloning of this total—
presgure tube with respsct to the surface of the model. The static—
presaure tube 1in the probe was located l/2.inch above the total—pressure
tube. Boundary—layer surveys aft of the scoop lip were made by the use
of rakes of total-pressure and static—pressure tubes shown in

figure 2(b).
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All pressure measurements on the model were recorded by photo—
graphing a miltitube manomester. The differential pressures of the
several venturls and the survey—probe pressures were read visually from
micromanomsters., Tufts were used to observe the direction and stabllity
of the flow. Plexlglass windows were 1lnstalled at several polnts Iin
the ducting to faclllitate observatlon of the flow within the diffuser.

Each of the inlet conflgurations was lnvestlgated in conjunction
with one or more of the turbulent boundary layers 20 inches ahead of
the scoop lip shown in figure 7. Boundsry layer A was the boundary
layer on the groundboerd surface wlthout artificial thickening.
Boundary layer B, which 1s consldered to be approximately representative
of full—scale conditlons Just shead of the wlng of a fighter sirplane
In the high—apeed high—altltude flight conditlon wilth regard to its
thickness relative to the Inlet helght, was obtained by shellacking a
9—inch—wlde band of coarse sand to the groundboard surface 40 inches
ahead of the scoop lilp. Boundary layer C, which was tested to determine
the effects of locatling thilg type of inlet In a region of thick boundary
layer, was obtained by lasylng turbulence rods transversely on either
glde of the sand strip used to generate boundary layer B. The dlsplace—
ment thicknesses (5%) of the three boundery layers at station —20
were 0.073, 0.085, and 0.169 inch in alphabetical order. The corre~

sponding ghape parameters (E' = %;) wore 1.36, 1.29, and 1.2k, as

compared to the value of 1.286 for the %n—power variation.

All tests were conducted at a tunnel speed of gbout 100 feet per
second which corresponds to a Reynolds number of approximately 1.4 X 102
based on the inlet helght.

RESULTS AND DISCUSSION

The quantlity of boumdary—layer suction flow usually 1s expressed 1n
Qg

Y 5%b
This coefficlent has physlcal significance In that it 1lg the ratlo of

the quantity of flow entering the suctlon slot to the quantity of flow
displaced by the boundary layer at station —£20 over a transverse distance
equal to the suction—slot span b. The value of this coefficlent required
to obtain a given total—pressure recovery in the main duct would be
expected to remain nearly constant over a broad range of initlal boundary—

layer thicknegs. The ratic of the quantity of suction flow 4o the flow
quantity of the main duct may be readily determined by converting the

the present paper in terms of the suction—Flow coefficient CQ =



8 . NACA RM LS0AL3 “

form of flow coefficient from Cg +to the equivalent value of Cg = A—?—f,— -
o]

by use of figure 8, For an inlet—velocity ratic of unity, the value

of Cq, glves the flow ratilo Qe/Qg directly, for other 1nlet—velocity
c - .
ratios 3— 4 ‘ - PR
Q Vifvo

A1l results discussed are those obtained with initial boundary
layer B (fig. 7) unless otherwise noted. In the cape of arrangements
using two boundary—layer suctlon slots in tandem, the downstream slot
always was faired out 1f a suctlop—flow coefficlent 1s given for the
upstream slot only.

Study of Basic Inlet without Suction

Flow along yramp and duct bottom.— Statlc—pressure distributlons
elong the center line of the ramp and duct bottom of slotless conflgu—
ration I (figs. 2(a) and 3) are shown in figure 9(a). The negative
preassure peak in the reglon of substream pressure regquired to turn the
flow ahead of the entrance occurred about 4 inlet helghts ahead of the
gcoop lip. This negative pressure peak increaeed in value from -0.15g,

to —0.30q, and moved slightly aft as the Inlet—wveloclty ratio wes
increased from 0.31 to 1.54. Downstream of this negative pressure peak

the surface preseure increased to a point l% to 2 Inlet heights ahead -
of the scoop lip as the flow diffused along the remp and then changed
rapidly to the entrance pressure which was determined by the inlet— &

velocity ratlo, the inlet-welocilty distribution, and the total—pressure
losgses ahead. of the inlet.

Stetic—pressure dlstributions in the wvalley approaching the inner
corner of the inlet and along the edge of the dimple are presented Iin
figures 10(a) and 11(a), respectively. In each case, the negative
pressure peak near the crest of the ramp off the.center line never
exceeded that at the remp center line, The pressures in the valley near
gstation 0 were much more negatlve at the higher inlet—weloclty ratios
than those at the ramp center line because of the large induced
velacities at the immer side of the scoop lip. (See fig. 12(a).)

At inlet~weloclty ratlos below about 0.5, tuft observatlions showed
that the bowmdary layer on the approach ramp separated shead of the
Inlet somewhal downstream of the statlions where the surface pressure
v : '
distributlions flatten out. (?ee distributlion for ﬁl = 0,31, fig. 9(&)) -
o]

As the Inlet—wveloclty ratlo was increased, the polnt of separation
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moved progressively downstream and passed the measuring station at the
end of the diffuser at an inlet—veloclty ratio of about 1.0. The flow
into the immer cormer of the inlet was observed to be appreclably
rougher than the entering flow at the center line. Tuft observatlons
showed that this roughness was caused mainly by some of the boundary
layor outside the span of the inlet flowing down the approach valley
and entering the inlet rather than pessing outboard through the gutter
as wes desired.

The boundary—layer thickness at the center 1line of the entrance
measuring station decreaged rapldly wlith increases in inlet—velocity
retio as the point of initlel flow separation moved downstream along
the remp and duct bottom, figure 13{a). An Inlet—velocity ratioc
greater than 0.6 was required to obtain an H' value as low as 2.6,
the approximate upper limiting value for unseparated flow. (See
reference 5.)

Total—pressure recovery.— The average total-pressure recovery at
the entrance measuring statlion increased rapidly wlth Inlet—veloclty
v

v
ratio from 0.67qp at v—_—i = 0.26 to 0.88qc =at V'_i = 0.75, as the
o o
remp boundary leyer thimned rapidly, and then iIncreased more slowly

v
to 0.92q, at v—_i'- = 1.54. (See fig. 14{a}.) The average total—

o
pressure recovery at the end of the diffuser likewlse increased from a
value of 0.53q, &t an inlet-velocity ratio of 0.26 to a value

of 0.83qo at an inlet—wvelocity ratlo of about 1.1, but then dropped

off agaln with Purther Increases 1n Inlet—velocity ratlo because of an
increage in the diffuser losses.

Externsl. flow.— The surface pressures at the edge of the dimple
aft of the scoop 1ip (fig. 11(a)) generally were more negative than the
surface pressures 1n the intersection of the scoop lip with the gutter
floor (fig. 12(a)). As a result, the boundary layer on the floor of
the gutter tended to flow ocutwerd over the edge of the gutter at all
Inlet—velocity ratios.

Tuft observations showed that the approaching flow was approxi—
mately alined with the bass, top—center—line, and top—corner sections
of the scoop llp at inlet—welocity ratlos of the order of 0.5. At
higher inlet—velocilty ratios, the flow approached these sectlons from
the outside at an angle which increased gradually with Increases In
the inlet—wveloclty ratio. The top portion of the scoop lip, figure 3(a),
wag well sulted to this flow pattern since it incorporated reverse
camber and & thick Internsal fairing.

l - .......—-—--—-b AR
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Comparison of Arrangements Utllizing
Boundary—Layer Control -

Inesmich as the. lntermal—flow pressure recoverles obtained with
configuration I were undeslrably low, a gtudy of arrangements utilizing
boundary—layer suctlon to cbtaln increased pressure recovery was
undertaken.,

Configuratlons IT and ITI.— In configuration IT, a flush suction
glot shaped in accardance with the principles of reference 6 was in-—
stalled in the approach ramp 3.82 inches (1.40 inlet heights) ahead of
the scoop lip. This slot (figs. 3 and 4) was similar to that illus~—
trated in figure 2(a) and had a width of 0.187 inch and a span of
14 inches compared to the entrance wldth of 10 inches. The location of
the suctlan slot corresponds approximately to the moet forward separation

V.
point observed for slotless confilguration I for 'El = 0.k,
o

The original version of configuration III, flgure 2(e) was identical
te that for conflguration IT except that the suctlion slot was located
5 inches (1.83 inlet heights) ahead of the scoop lip. In the course of
preliminary tests, however, it was found necessary to relleve the central
portion of the ramp ahead of this slot and to extend the cenmter aof this
glot 1lip forward to 5.2 inches (1.90 inlet heighta) ahead of station O
(thus providing a submerged scoop—type slot at the center line) in order
to obtain reasonable spanwise uniformity of the suction flow at the lower
suction—flow coefficlents. (See figas. 2(b), 3, and k.) At the same time,
the apan of this slot was reduced to 12.24 inches ilnasmuch as this small
reduction in spen had no measurable effect on the Inlet flow, and the
gutter was deepened a small amount (fig, 3) in an attempt to lmprove the
flow Into the corners of the inlet. The camber of the scoop 1ip also
was Increased positively (fig. 3(a)) to allow for the change in flow
direction at the 1lilp that was observed Lo occur when boundaryblayer
control. was applied to the ramp.

The application of boundary—layer suctlon to the approach ramp
cauged large increases in static pressure and large decreases in boundary—
layer displacement thickness downstream of the suction slot at the lower
imlst—wvelocity ratlios. (Compare results for configurations I and ITT,
figs. 9 and 13(b).) In both configurations II and IIT, a suction—flow
coefficient of sbout Q.7 was required to obtaln a reasonably uniform
flow ints the suction slot. As 1llustrated for configuration IIT in
figure 15(a), a suction—flow coefficient of 0.8 caused large increases’
in the average total-pressure recovery at the end of the diffuser
compared to the recoveries for slotless configuration I (about O.1lqq

at a typical high—epeed inlet—velocity ratlo aof 0.6). Above this value;
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the average total-pressure recoveries at the inlet and end of the
diffuser continued to Increase with further Increases in suction—Flow
coefficient, but at a decreasing rate. Doubling the suction—low coef-—
ficlent produced an additlional increase of only about 0.03q, at the

end of the diffuser at ;l = 0.6; however, the minimum inlet-velocity
Yo
ratio for the same total-pressure recovery was reduced to about 0.L48.
The increases 1n total—pressure recovery obtained by use of the suction
were large at the lower inlet—velocity ratlos, but were small et inlet—
veloclty ratiocs of 1.0 and greater for which the entering boundary layer
for slotless configuratlion I was already thin and unseparated. (See
fig. 13(a).) It is noted that the total—pressure recoveries gilven for
the inlet of configuratlion ITT at inlet—welocity ratlos above 1.0,

which are shown to be less than those for slotless configuration I In
gome cages, are belleved to be lower then the true values.

At the maximum suction—flow coefficients investigated (1.5 for
configuration IT end 1.6 for configuration ITI) the average total—
pressure recoveries at the inlets of configurations IT and ITIT were
about equal. (See fig. 1L(a).) The average total—pressure recoveries
at the end of the diffuser of configuration TII were somewhat larger

than those for cornfiguration IT (O.tho at ;i-= 0.6). Tt is believed
o
that the lower recovery for conflguration IT resulted from & bresk in
the duct floor at station 0.51 {fig. 3(a)) which mey have caused flow
gsepargtion; this bresk was faired out wlth a larger radlius In configu—
ratio ITT. The near equality of the emtrance total-pressure recoveriles
ghows that the two suction slots were about equally effective and that
the pressure—recovery chaeracteristics of this type of 1nlet are not
critically sensitive to smaell varlatlons In suction—slot locatilon.

Tuf't observatlons of canflguretlions IT and ITT showed that neither
gsuction glot was effective in eliminating the flow roughness at the
Inner cormers of the inlet which had been observed in the flow studies
of configuration I. In each cage some of the boundery layer outboard
of the slot ends was drawn Iinto the slot. Some of the boundary layer
8t11l further outboard then flowed into the ramp and entered the Inlet.
Additionsl arrangements were Ilnvestlgated, therefore, to dstermine 1f
the rough flow 1nto the cormner of the Inlet could be eliminated by
changes in the scoop configuratlion. Inasmuch as the averags total—
pressure recoveries measured in the guction slots after diffusion,
figures 16(a) and 16(d), were undesirably low, all succeeding suction
slots were degligned for lower slot inlet—velocity ratios. Railsed
scoop—type slots were used in most cases in an attempt to recover a
laerger percentage of the dynamic pressure in the boundaryj—layer flow.
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Configuration IV.— In confliguration IV, figures 2(c), 3, and &4,
the poilnt of dlvergence of the ramp from the basic fuselage contour was
varied in the transverse directlon from the original position at the
center line to about half the original digtance ahead of .the entrance
at the ends of the scoop. As shown in figure 2(c) the divergence of
the crest lines of the reviged dimple was simllar In shape to the
divergence of the ramp walls of the submerged inlet of references 2
and 3. The pregent arrangsment differed greatly from this submerged
inlet, however, In that the surface was smoothly faired at all points
and that the dlvergence terminated at the edges of the original dimple
outboard of the scoop ends rather than at the scoop ends themselves.
It was hoped that this change in dimple shape would provide transverse
gradients between the positive presesures at the center line of the ramp
and the negative pressures along the ramp crest lines ahead of the scoop
ends large enough to cause most of the ramp boundary layer to flow arcund
the ends of the scoop at low 1nlet-—welocity ratios.

With boundary layer A, the average total-pressure recovery measured
at the end of the dlffuser of conflguratlon IV with a suctlon—flow coef—
ficlent of 1.7 was higher than that for configuration ITT with a suctlon—
flow coefficlent of 1.6 at inlet-—velocity ratios below 0.7. (See upper
graph of fig. 14(b).) Tuft observations at and below this value of
inlet—wvelocity ratio showed that the flow separated from the dimple
crest 3 to 5 inches on each slde of the center line and that strong
vortices originated alt the polints of flow separation. These vortlces,
which were gimilar to those observed for the NACA submerged inlet .
(reference 3), entrained large amounts of boundary layer from the ramp
floor, passed down the gutters, and then drifted cutboard into the flow

above the fuselage surface. It was found possible to fair over the oufer

quarters of the suction slot (thereby reducing the over—all suction
quantity by one—half) without affecting the pressure recovery at the end
of the diffuser.

The total-pressure recovery for configuration IV was less than that
for configuration ITT in the higher range of Inlet—weloclity ratio,
figure 1h(b). Also it appeared that the vortices shed at low inlet—
veloclty ratios might cause large increments 1n pressure drag on the aft
.portions of the fuselage and wing in the high-speed flight condition.
The drag of these vortices could not be evaluated in the present setupj
further .investigation of thls arrangement was therefore discontinued
pending the obtainance of drag data 1n future complete—model tests.

Configuration V.— In configuretion V (figs. 2(d), 2(e), 3, and L)
the enda of the scoop were slanted forward to the lip of a raised
scoop—type boundary—layer slot which was long enough to extend into the
gutters slightly outboard of these scoop lip extensions. Thls suction
slot was located 3.8l inches {1.39 inlet heights) ahead of station O
and had an inlet height of Q.35 inch and a span of 11.88 inches. A
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second suction slﬁ%finstalled in the duct floor 3.09 inches (1.13 inlet
heighta) downstreem of station O also was investigated to see if
additional boundary—lasyer removel at thils polnt would yield major gains
in pressure recovery at the lower inlet—velocity ratios. This second
slot (figs. 2(e) and 3(a)}) was a flush scoop—type slot and had a height
of 0.22 inch over the floor of the duct. The height of the slot tapered
to 0.1 inch at the tops of the 0.5-Inch—radius fillets 1in the bottom
corners of the duct. ’

Most of the gutters aft of the scoop llip extensions were felred out.
This partial falring out of the gutters Iincreased the amount of gutter
. boundary layesr flowlng over the scoop lip extensions Into the inlet. It
was congldered desirable, however, because 1t provided smooth flow out—
board of the scoop ends and greatly reduced the amount of fuselage
surface distorted by the scoop installation, The tendemncy of the gutter
boundary layer to flow ocutward over the edge of the dimple was eliminated
apperently because of the changes 1n the surface pressures along the edge
of the dimple relative to the surface pressures at the base of the scoop
lip. (See figs. 11, 12(a}, and 12(b).)

Use of the raised scoop—type suctlon slot lncreased the surface
presgures on the ramp ahead of the slot a small amount over those
observed for the arrangements with flush suctlon slots. (Compare
fig. 9(b) with fig. 9(c) and fig. 10(b) with fig. 10(c).) However, a
statlc—pressure peak existed on the lip of this slot for most operating
conditions, figures 9(c) and 10(c). Thils type of pressure peak is
characterlstic of reised scoop—type slots operating at low value of slot
Inlet-velocity ratlo, but does not occur 1n the case of flush slots,
figures 9(b) and 10(b). The boundary—layer—dlsplaceéement thickness at
the center line of the entrance was slightly greater at a typical high—
speed inlet—welocity ratlo of 0.52 than those for confligurations IT
and ITI, probably because of the presence of thls pressure pesk,

figure 13(b).

Tuft observations showed that the flow into the cormers of the inlet
of conflguration ¥V was much smoother than that for éonfiguration III.
This improvement in the flow approximately compensated for the Iincreased
thickness of the boundary layer entering the center portion of the inlet.
At comparable suction—flow coefficlents, the average total—pressure
recoverles for configuration V with only the ramp suctlion slot operating
were slightly higher than those for configuretion IIT at inlet—welocity
ratios above 0.7 and somewhat lower than those for configuratlion IIT
at inlet—velocity ratios below 0.7, figure 1u(a).

Operation of the second suctlon slot In conJunction with the ramp

slot caused a further increase in the gtatic pressures downstream of
the second slot {(compare figs. 9(c) and 9(d)) and an appreciable increase
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in average total—pressure recovery at the end of the diffuser over most -
of the test range of inlet—velocity ratio, figure 1lhi{c). Total—pressure

v
recoverles measured at the end of the diffuser at ;1 = 0.52 are pre—

o

gented in flgure 17 as a functlon of the suctlon—flow coeffliclents of
the r and second slotes. An examination of the lines of con—
stantantbgl + CQE) auperimposed on this plot shows thet the total—

Pregsure recovery was essentlally independent of the distribution of
suction between the two slots so long as the ramp siot was cperating at’

a suctlon—flow coefficient greater than sbout 1.4, apparently the
minimum velue requlred to prevent flow separation between the two slots.
This insensitlivity of the total—pressure recovery to the dilstribution of
suction between the two slots prevalled over most of the Inlet—welocity—
ratio renge. (See fig. 1li(c).) Thus, for a glven suction quantity, no
galn In effectiveness of the boundary—layer removal system was obtained
by the addition of the second slot. - -

The average total—premsure recoverles in the ramp suction slot of
configuration V (after an area expansion of 2:1) at a suctlon—flow coef—
ficlent of 1.7 were sbout 0.1llq, greater than those for configu—

ration ITI at a suction—flow coaefficient of 1.6 over the emtire test
range of inlet—velocity ratio, figure 16{d). These total—pressure
recoverles were not chenged to a major extent by large increases in
guction—flow coefficient or by operatlon of the second slot,

figure 16(b). :

With a suction—flow coefficlent of 1.7 into the ramp slot, the
total—pressure recovery in the second suction slot of configuration V
(also after an area expansion of 2:1) was much higher at a suctlon—flow
coefficient of 0.9 than that far the ramp slot in the high-speed range
of inlet—velocity ratio (compare figs. 16{d) and 16(e)). The total—
pressure recovery in the second slot decreased rapldly, however, with
increages in suctlion coefficlent and with increases in inlet—welocity
ratio, In all cases, the total-pressure recovery beceme negatlive at
Inlet—velocity ratlos above about 1.2. The rapid decresse of the total-—
pressure recovery of the second slot with increasing inlet-veloclty ratio
was caused spparently by the slot being located in a region where the
atatic preasure decreased repidly with increases 1n Intet—velocity
ratio, figure 9{a).

Inasmich as the average total—pressure recovery at the end of the
diffuser of conflguration ¥V was about the asasme as that for confilgu—
ration III, configuration V ls considered to be definitely preferable
to configuration III because of: (1) the much greater pressure recovery
in the suction flow of the ramp slot after diffusion; (2) the greater
smoothness of the externmal flow; and (3) the reduced distortion of the
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fuselage gurface. The use of the second suctlon glot of configuratlon ¥V
18 not considered desirable, however, because: (1) the gain in total—
pressure recovery cobbtalned by its use 1s no greater than that obtained
by increasing the suctlon quantity of the resmp slot an equal amount;

and (2) the total-pressure recovery in the suctlion flow entering this
glot becomes negative or undesirably low at the higher Inlet—velocity
ratlos whlch are encoumtered in take—off and climbing flight.

Configuration VI.— A total-pressure recovery at the end of the
diffuser of 0.99, 1s usually considered tc be the minimum value

acceptable for modern turbojet aircraft in the high-speed and crulse
flight conditlions. The results for confliguration V show that suction
quentities of 15 to 25 percent of the entering flow were required to
obteln this valuwe In the high—speed range of Inlet—veloclity ratlo.
Only 5 to 10 percent of the alr flow to the engine is required usually
for engine and tail—plpe cooling. The problem of efficlently handling
and dlsposing the suctlon flow In excess of the amount required for
cooling therefore arlses in the process of applylng conflguration V to
an actual alrplasne.

It appeared that a possible solution to this problem would be an
arrsngement in which all or part of the suction flow entering the ramp
glot is bypassed to the fuselagé surface as close as poselble to the
glot Inlet as was done for & protruded scoop in reference 7. This type
of arrangement was Investigated in configuration VI (figs. 2 to u4),
which was exactly the same as conflguration ¥V except for the ducting
and exits of the ramp suction slot (fig. 5).

The suction—flow coefficlent provided by the bypass, figure 18,
varied from a maximm of 1.97 at the lowest inlet—wveloclty ratio
of 0.31 to & minimum of 0.8 at the highest inlet-wvelocity ratio of 1.54.
This decrease in suction—Flow coefflicient with Ilncreasing inlet—
velocity ratio was caused mainly by the corresponding decrease of static
pressure in the region of the slot inlet. (See fig. 9.)

Ag shown by & comparison with the results for conflguration V¥ for
& constant suction—low coefficient of 1.7, figure 14(d), the effect of
the variable suctlon flow provided by the bypass of configuration VI was
to Increase the average total-pressure recoverlies at the lower inlst—
veloclity ratios and to dscrease these recoveries at the higher Inlet—
veloclty ratios. The maximum total-pressure recovery at the end of the
‘diffuser of configuratlon VI wes about 0.03g, greater than that for

configuration ¥V although the suction coefficients were nearly the same
for the two arrangements at the inlst—veloclty ratio corresponding to
peak recovery for configuration VI. It was found that the pressure
recoverles obtained with configuratlon VI were conslistently higher than
those for configuration V at equal suctlon—flow coefficients. This
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difference may have been caused by a dissymmetry in the suction flow
entering the ramp slot of configuration VI. Tuft observatlions showed
that appreclebly moré flow entered the outer quarters of the slot than
entered 1in the central half,

The peak total-presaure recovery at the end of the diffuser of
configuration VI with only the ramp suction slot operating was 0.905q¢g

as compared to 0.83qo for slotless configuration I, and the suction

shifted the inlet—wvelocity ratio for peak pressure recovery from 1.1 for
configuration I to sbout 0.83 for configuration VI. (See fig. 15(c).)
At this inlet—veloclty ratio the suction—flow coefflclent for configu—
ration VI was about 1.66 {fig. 18) or about 8 percent of the entering
flow (fig. 8). .

The total—-pressure recovery at the exlit of the bypass ducting of
configuration VI, figure 16(c), was only 0.10q, to 0.18q, over the

test range of Inlet—weloclty ratio; thus, on the basis of the results
for configuration V, fig. 16(bd)}, the losses in the additional ducting
used in this arrangement amounted to about 0.15¢,. This loss is

regarded as excesslve. It probably could be reduced ‘mppreciably by
more careful deslgn of the bypass ducting.

Performance of Configurations V and VI
with Boundary Layer B

Configurations V and VI are considered to be the most dealrable
arrangements investigated. The results obtalned with these arrangements
are summarized in thies section of the paper and are analyzed to indicate
the optlmm design conditions and the beneflts obtalned through the use
of ' boundary—layer control. At the present time, the over—ell performance
of these inlets cannot be compared with the over—all performance of other
types of fuselage scoops end wlng—root Inlets because comprehensive
external—drag data are not avallable either for the present 1lnlets or
for any other inlet of thla general class,

Total—-pressure recovery.— The average total—pressure recoveriles in
the main ducts and boumdary—layer removal systems of configurations V
and VI are summarized in figures 15(b), 15(c), and 16. As previously
noted, the use of the second slot inside the inlet 1s not consldered
deslirable because of the low tchbal—pressure recovery in the suction
flow entering thls slot at the higher Inlet—weloclity ratios. However,
it has been shown alsc that the total-pressure recovery at the end of
the diffuser of the maln duct was essentlially independent of the
distribution of suction between the ramp and second slots so long es
the ramp slot was operatlng at a suctlion—flow coefflclent greater than
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about 1.4, Thus, the total-pressure recoveries at the ends of the
main-duct diffusers of the two—slot versions of confilgurations V and VI,
given in figures 15(b) and 15(c), furnish an acceptebly accurate .
indication of the total—pressure recoveries that would be cbtained at
the end of the diffusers of the single-—slot versions of these conflgu—
rgtlons at suctlon—low coefficients greatly exceeding the maximm
values lnvegtlgated.

It 1s noted in filgure 15 that when sufficient suction flow was
provided to obtain a peak total-pressure recovery at the end of the
diffuser of 0.90q, or greater, the total-pressure recovery at this

point remained above 0.85q; over a rangs of inlet—veloclty ratlo
broad enough to cover the more important flight. conditions. It also

is noted in figure 15 that the peak total-pressure recovery at the end
of the diffuser with the maximm suctlon—flow coefficient Investigated
wag-lower than that which would be obtalned by a well—designed nose
inlet even wlthout boundary—layer control. The use of the present type
of inlet can be Justified, therefore, only on the baslis of a deslgn
compromise.,

The over—ell inductlion losses measured at the end of the
diffuser of configuration V at an inlet—veloclity ratlo of
infinity (Vi = 100 ft/sec, Vo = O) are presented as a function
of the inlet dynamic pressure 1n the following tablse:

Condition Bo—fa
a3
Both slots sealed and falred ) 0.033
Both slots vented to room pressure .03k
Q
L - 0.066, % _ 5.032 _ .036
Qe . Qa

These small induction lossea indicate that an auxiliary inlet (or "blow—
in door") would not be required to increase the take—off thrust of a Jet
alrplane utillzing thils type of air inlet.

Diff on effectiveness.— The statlc—opressure recovery at the end
of the diffuser, flgure 19, le the lower limit of the total-—pressure
recovery that would be obtalned after any addltlonal amount of diffusion
and also is a direct measure of the over—all diffusion effectiveness of
the inlet—diffuser combinstion. As shown in this flgure, the static—
pregsure recovery for glotless configuration T was O.hqo to 0.5q, 1less

s m wma
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than the theoretlcal value for wniform frictionless flow, the differences
being chargeable to the total-pressure losses and the nommiformity of
the flow at the measuring statlon. The effectiveness of boundary—layer
suction in increasing the over-all diffusion effectiveness 1s shown by
the large increases In statlc—pressure recovery obtained by the
applicatlon of suctilon. A total suction coefficient (CQl + CQQ) of 2.6

provided & gain In statlc—pressure recovery throughout the high—speed
range of Inlet-welocity ratioc equal to about one—-half of the differences
between the vslues for slotless configuration.l and the ideal values
which are approasched closely by a well—designed nose inlet.

Veloclity distributions I1n internal flow.— Representative distri—
butions of the flow veloclty at the inlet and end—of—the—diffuser
meaguring stations of configuration V are presented in figures 20(a)
and 20(b)}, respectively. As previously noted, the inlet measuring
gtation actually was located 1n the diffuser after appreclable area
expansion; hence the veloclty retlios given for this station are lower
than thoge for the minimm aree station of the entrance on which the
nominal inlet-wxelocity ratios were based. With an inlet—veloclty ratio
of 0.52 and a suction—flow coefficlent of 1.7, the flow—welocity
distributions at both stations were very nonuniform, mainly because of
the thick residual boundary layer entering along the ramp. (See
fig. 13(b).) Ipasmuch as the entering boundary layer thinned rapidly
with increaging inlet—velocity ratio (for example, see fig. 13(a)), the
flow distributions became appreciably more uniform as the inlet—velocity
ratio was increased to 1.03 (fig. 20). The improvement in uniformity
of the flow dlstribution caused by Increasing the inlet velocity from
0.52 to 1.03 was much.greater than that obtained at an inlet—welocity
ratio of 0.52 -by lncreasing the suctlon—flow coefficient from 1.7
to 2.6, for which the improvement in flow uniformity was negligible.

It appears that a prohlbltively high suction—flow coefficient would be
required to obtaln a near-umiform veloclty distribution at the end of
the diffuser at low inlet—welocity ratios.

External dreg.— Boundary—layer surveys were conducted at
gtation 8.0 both before and safter installation of the scoops. Section
wake—drag Increments for configurations V and VI calculated from these
measuremente are presented in figure 21. In each case, installation
of the scoop reduced the drag over the span of the entrance and .
increased the drag at the spanwlse locatlon of the gutter. The lncresase
in dreg behind the gutter of configuration VI was much greater than for
configuratlion V becaude of the low energy alr flowlng out of the bypass
exit of conflguration VI Just ahead of the measurlng statlion.

‘The sectlon-wake—drag lncrements of figure 21 were lntegrated in
the spanwlse directlion to obtaln the over-ell Iincrements in wake drag
at station 8 caused by installation of these two scoops. As shown by
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the lowest curve qof figure 22, the Instellation of scoop conflguration V
reduced the wake drag at s‘ba.tion 8 throughout the test range of inlet—
velocity ratio., Imstallation of scoop conflguration VI also reduced

the wake drag at station 8 for inlet—velocity ratios gbove 1.0, but
Increased the wake drag by & small amount 1n the high—speed range of
inlet—wveloclty ratio. Inasmich as the wake drag of configuratlion V was
essentlally unaffected by suctlon quarntlty, consideratlion of the effects
of suctlon quantity on the friction drag of the fuselage would not
appear necessary in the determlnstion of the optimm suctlon quantity.

The increment in extermal drag caused by Ilnstaellstion of the scoop
in the basic body 1s considered to be the sum of the change in body
friction drag and the drag of the suction flow. In order to obtaln an
indication of the external drag increment chargeable to scoop configu—
ration V, the drag equlvelent of the suctlon flow of this arrangement,
calculated from the suctlon—flow quentity and the total—pressure
recovery 1n the suctlon flow after diffusion, was added to the friction—
drag Increment determined from the wake surveys at station 8 to obtaln
the two corrected drag—increment curves glven 1n figure 22. In the
cage of confilguration IV, no correction was necessary because the
surveys at station 8 covered the wakes of the bypass exits as well as
the wake of the scoop. The extermal drag increments for conflguration V
obviously are slightly lower than the values which would be obtalned if
a small additlional total—pressure loss of O.lgq, or less was assumed to

occur in the suction ducting between the measuring station and the duct
exlt. The extermal drag increments for configuration VI also are
slightly higher then the values which would be obtained I1f the bypass
ducting of thls arrangement was reclesigned to reduce the previously
noted excessive ducting loss of sbout 0.15q,.

The externel—dreag—incremerit data of figure 22 indicate that
ingtallation of an alr scoop of this type in a reglon of comparable
boundary—layer thickness wlll not increase the external drag Importantly
above an inlet—veloclty ratio of about 0.5, provided that the suctlon—
flow coefficlient 1s less than about 2.0 and provided that the bypass
exits are properly loceted sc that they do not upset the flow in a
critical region such as the wing-fuselage Juncture. This conclusion 1s
applicable only to subcrltical Mach numbers, Further research 1s
required to establish the drag and other performance cheracteristics of
this type of inlet at supercritical Mach numbers.

Critical Mach number.— Representative surface pressure measurements
for configuration V are given in figures 9 to 12, Critical Mach numbers,
figure 23, were predicted from these and similar measurements by means
of the Von Kfrmdn relation (reference 8). This relation is gtrictly
applicable only to the two-dimensional case; however, results reported
in reference 9 for nose inlets show that this relatlon also 1s reasonably
accurate for the three—dimensional case so long as the critical Mach

- AT
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number 1s not predicted from & sharp local pressure pesk. The values
given are unconservatlve in that the induced velocitles due to the
fuselage, wing, and so forth, were not simulated in the test setup.

The results of reference 9, however, also show that the actual critical
Mach number is appreciably higher than the critlcal Mach number predicted
fram low—sgpeed pressure measuremente and that a further margin of the
order of 0.05 exists between the actual critical Mach number and the
force—break Msch number, Simllar results have been observed in numerous
alrfoll and wing investigations. It la belleved that these effects
approximately counterbalance the unconservatlem of the pressure
measurements so that no logses ln pressurs recovery or drag risss due
to shocks would occur at flight Mach numbers below the values presented.

The predicted critical Mach numbers of confliguratlon V were not
affécted importantly by variations in suction quantity. (Compare parts
(a) and (b) of fig. 23.) The critical Mach number of the installation
was established by the top surface of the scoop lip at the inlet—velocity
ratios below about 0.6, by the center sectlion of the ramp st inlet—
veloclity ratios between about 0.6 and 0.8, end by the inmér surface of
the side of the scoop lip at inlet—veloclty ratios above about 0.8. The
limitation imposed by the top surface of the acoop llp la not regarded
as Ilmportant because of the large delay in the force break which would
occur for thls component and because shocks 1n this reglon would not
affect the internmal flow. Hence, the center section of the ramp also
is censi%ered to be the limiting factor at the inlet—welocity ratilos
below O

The results of figure 23 indlcate that 1n the high-speed range of
inlet—eloclity ratio the scoop would perform esgentially as at low
gpeeds up to a Mach mumber of at least 0.8l. An appreciable delay in
adverse effects due to shocks appears poasible through modifications to
the transltlon curvature at the crest of the ramp, A further delay
could be obtalned by reducing the inclinatlion of the ramp.

Design inlet—wvelocity ratlo.— The inlet-weloclty ratic for
maximm total-pressure recovery at the end of the diffusers of configu—

rations V and VI was approximstely O. 8 at the lowest suction-flow coef—
ficients investigated. (See figs. 15(b) and 15(c).) A much lower value
of inlet—velocity ratio 1s desirable for the high-epeed design conditian
go that the corresponding intet—weloclty ratios for take—off and climb
will not be so large as to cause excessively low pressure recoveriles.

An inspection of figures 15(b) and 15(c) shows that the total—preassure
recovery at the lowest suction—flow coefficlents decreased only a small
emcunt (0.025q0 or leag) when the inlet—velocity ratic was decreased

to 0.6; but appreciable further reductlons resulted in significant
losses. At the hlgher guction—flow coefficlents, decreases in total-—
pressure recavery greater than 0.025q, did not occur down to an
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inlet—velocity ratioc of 0.5. It appears, therefore, that single scoops
of this type should be desligned for an inlet—eloclty rstic In the high—
speed condition of 0.5 to 0,6.

The flow into twin inbternslly coupled inlets has been cobserved to
be uneteble in a number of instalilatlons when the inlets were operated
at an inlet—velocity ratlio below that for peak total—pressure recovery
at the end of the diffuser. This flow inetebllity apparently arises
when some dilsturbence changes the flow quantity into one inlet. TInss—
much as the flow quantity to the engline tends to remain fixed, the flow
quantlty into the second Inlet undergoes an opposite and approximately
equel change. Then, since the total-pressure recovery in each duct
increasss with flow raete, the flow quantity comtinues to increase into
one inlet and to decrease into the other Inlet.

Results obtalned in an investigation currently under way at the
Ames Leboratory show that the dlvergence In flow rates of twin ducts
Just described ceases when the static pressures in the two ducts becams
eguel at thelr Juncture. This research slso shows that this type of
flow inetabllity cannct occur 1f the statlc pressure in each duct at
1ts Juncture with the other duct decreases continuously with increasing
inlet-velocity ratlo. Thus, as shown in figure 19, twin—duct instel—
lgtions using the single—suctlon—slot verslon of scoop configuration V
or VI can be desligned safely for high—sapeed Inlet—selocity ratios as
low as 0.5, the minimum value recommsnded for slngle scoops. An Inspec—
tion of the surface pressure distributions along the duct bottom,
figure 9(c), shows that the surface pressure for _::—i = 0.31 1is more

(o}

v

pogltive than that for V_i = 0,52 for all langitudinsl statlons between
o

the inlet and the ‘end of the diffuser; hence, this design value is

satisfactory regardless of the amount of ares expaension that has been

obtalined between the duct entrances and the polnt of Juncture.

Optimum guctlion quantity.— In order to obtaln an indicatlon of the
optimum suction guantity, the effects of the suctlon flow in increasing
the meximum net thrust and reducing the corresponding specific fuel
consumption of an imstallstion incorporating a typlcal Jet engine rated
at 4000 pounds statlc thrust at sea level were camputed for a typlcal

high—speed design condition, Vo = 600 miles per hour and :‘:,—i = 0.6.
o

The results of reference 10 were used to determine the effects of changes
in total—pressure recovery at the end of the diffuser on the performance
of the engine 1tself. The drag of the suctlon flow, computed from the
suction—low quantities and the estimated total-pressure recoveries

in the suction flows at the exits of the suctlon ducts, was subtracted
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from the Iincrease In net thrust indicated in reference 10 to obtaln the
over—all increase in net thrust. In the case of the ramp suctlion alot
of configuration VI, the total—preseure recoveries in the exiting
suction flow assumed were those given in figure 16{(c). For all other
guctlion-slote, a factor of 0,15q, was subtracted from the values

given in figure 16 to allow for additional logses in the suction ducts
between the measuring statlons and the duct exits. The results of the
computations, figure 24, represent the gains in performance cbtained by
the use of boundary—layer control reletive to the performance of the
installation using scoop conflguration I. Boumdary—layer control would
be expected to effect appreciable gains in performance in thils case or
in any other case In which flow separatlon occurs shead of the inlet.

The application of boundary—layer suction is shown in filgure 2h to
cause Iimportant increases in maximum net thrust and important decreases
in specific fuel consumptlion for all altitudes between sea level and
40,000 feet. The calculated specific fuel consumption decreased
regularly wlth increases In suctlon—flow coefflcilent for both the single
and two—slot arrangements., The calculated gain in maximm net thrust,
howsver, reached maximum values for both the single and two—slot
arrangements and then decreased as the drag of the suctlon flow began
to increase more rapldly then the galn In thrust due to the suctlom.

At a total suction coefficient -ch + ch of 2.6, the aspecific fuel

consumptions for the single—slot and two—glot versions of configu—
ratlon V were the same and the maximum net thrust for the two—alot
version was only about 1 percent greater than that for the single—slct
version. Thus, In view of the low total-pressure recoveries obtained
in the second suction slot at higher values of inlet—velocity ratio,
the use of a second suction slot of the type investigated again does
not appear Justifisd.

Ags shown by the data for configuratlon ITI, the peak value of
maximum net thrust for the single—slot versions of the present type of
gubmerged scoop apparently occurs at a suctlon—flow coefficient of 0.8
or below., However, inasmuch as the net thrust decreases only slowly
as the suction—flow coefficient iIs increased above thle value, a much
larger value of suction—flow coefficient 1s desirable in order to
realize a further decrease in speclfic fuel consumption. The results
for conflguration V indicete that a suctlon—flow coefficient as high
as 3 may be deglirable, Tt 1s noted that the decrease in net thrust
cauged by the increase in suction—flow coefficlent above the value for
peak net thrust probably can be minimized by redesigning the suctlon
slot to obtaln a lower slot entry velocity ratio. Several iInvestigations,
such as that of reference 6, have shown that an average flow velocity into
the. slot entry of 0.6 of the local flow velocity is approximately optimum.
With a main duct Inlet—velocity ratio of 0.6, the inlet—velocity ratio of
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the ramp suction slolt of configuration VI was about 0.53 based on the
local Plow velocity at & suctlon—flow coefficient of 1.8.

For the single—slot verslion of canfiguration VI, a suctlion—flow
coefficient of 1.8 (11.7 percent of the entering flow) produced
calculated increases of 6.2 and 6.4 percent in maximum net thrust at
gea level and 40,000—foot altitude, respectively. The corresponding
decreases 1n gpeclfic fuel consumption were 5.1 and 3.l percent.

Variation of Boundary-layer Thickness

Average total—presaure recoverles in the main ducts of configu—
rations I1T gnd ¥V aré predented In figure 25 for the three Initial
boundary—layer thickneasses investigated (fig. 7). The results for
boundary layers A and B, which had displacement thicknesses of 0.0T7h
and 0.085 inch, respectively, were very nearly the same for comparable
suction—flow coefficients. Doubling the dlsplacement thickness of the
boundary layer, however, produced losses of as much as 0.08q0.

(Compare recoverles at the ends of thé diffusers for boundary layers B
and C at equal values of the total suction—flow coefficlent Cg; + CQEJ

This result shows that the suctlion—flow coeffliclent requlred to obtain
a. given total-pressure recovery ls not independent of the initlal
boundary—layer thickness, but Instead increases rapidly with Ilncreases
in the 1initlal boundary-layer thickness.

Average total-pressure recoveries in the ramp and second suctlon
slots of configuratlon ¥V after area expansions of 2:1 are presented In
figure 26 for the three initial boundary-lsyer thicknesses. It has been
shown previously that the total-pressure recovery in the remp slot was
esgentially independent of the suction—Flow coefflicient. The results
of figure 26(b) indicate, therefore, that the total-pressure recovery
in thls slot isg changed only a smsll amount by varlations 1in the
initial boundary—layer thickness. It should be noted, however, that
even though the total—pressure recovery Iln thils slot remains constant,
the drag equivalent of 1ts suctlon flow will increase continuously
with Increases In 1nitlal boundary—layer thlckneas at o constant
guctlon—flow coefficlient because the ebsolube quantity of suction flow
for a constant suction—flow coefficlent varies dlrectly wlth the
boundary—laeyer thickness.

Results of calculations of the effect of boundary—layer thickmess
or the maximum net thrust and corresponding specific fuel consumption of
a Jet—engline lnstallatlon using scoop configuration IIT are presented in
figure 27. The operating conditlons considered are the sams asg those
considered in the preceding section of the paper. The calculation
procedure also was ldentical except that the differences in weke drag aft

e
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of the inlet for the three boundary layers was taken into account.
Increases in the thickness.of the initial boundary layer are shown to
cause Ilmportant decreases Iln meximum net thrust and important increases
in the corresponding specific fuel consumption. These adverse effects
cannot be eliminated by merely increasing the suction—flow coefficient
because attending increases In the drag of the suction system would
offgset any gain 1n total—pressure recovery obtained at the end of the
diffuser., Hence, the present type of inlet appears desirable for
application only at forwerd locations on the fuselage where the boundary
layer 1s relatlively thin and not at aft locatlons such as might be
deairable for an engine ingtalled In the rear part of the fuselage.

SUMMARY OF RESULTS AND CONCLUSIONS

A submerged alr scoop consisting emsentially of a conventlional
scoop located in a dimple in the fuselage surface has been Investigated
preliminarily at low speeds both without and with boundary—layer contral.
The more important results of the tests of thls inlet 1n the presence of
an initlal turbulent boundary layer approximately representative of full-—
gcale conditiona Just ahead of the wing of a fighter—type airplane in
the high—sepeed high-altitude flight condltions are summarlzed as followa:

1. Without boundsry—layer control, the peak total-preamsure recovery
at the end of the 2:1 srea ratlo diffuser was 0.83q_o and occurred at

an Inlet—veloclty ratio of 1.1, Application of boundary—layer conbtrol
increaged the pressure recovery markedly over the entlre inlet—velocity—
ratio range and shifted the peak pressure recovery to a much lower value
of Inlet—welaclty ratio.

2. When sufficilent suction flow was provlided to obitain a peak
total-pressure recovery at the end of the diffuser of 0.90q, or

greater, the total-pressure recovery at this pqint remained abave 0.85q4

over a range of Inlet—velocity ratio broad enough to cover the more
important flight conditionea. '

3. Ths total-preassure recovery was not criticelly sengltive to
gmall varlations 1n suction—slot location and, for a glven total suction
quantity, was not Increased by the use of two slots In tandem.

L, Tt 1s indicated thet installation of an inlet of this type will
not increase the extermal drag lmportantly above an inlet—yeloclity ratilo
of about 0.5 provided that the suctlon flow 1g exited in e region which
ls not critical wilth respect to flow separation.
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5. In-the final arrangement tested, a suction quantity of
11.7 percent of the entering flow produced calculated increases in
meximum net thrust of 6.2 percent or greater and calculated reductions
in gpecific fuel consumption of 3.1 percent or greater (compared to the
basic inlet without boundary—layer control) for a typical Jet—engine
installatiorn operating at a fllght speed of 600 miles per hour.

6. It appears that the flow instability frequently encountered in
the cage of twin internally coupled inlets will be avolded with this
arrangement for deslgn high—gpeed inlet—weloclty ratlios as low as 0.5.

Appreciable increases in the thickness of the initial boundary )
layer caused slgnificant decreases in inlet performance which canmot be
overcome simply by increasing the suction guentity. Hence, the present
type of inlet appears desirable for application only at forward locations
on the fuselage where the boundary layer 1s relatively thin and not at
aft locations such as might be desirable for an engine Installed in the
rear part of the fuselage.

Further research on the present type of inlet, including in par—
ticular measurements of the total drag, appears desirable. Tests at
transonic speeds to estzblish the high—epeed characteristics and complete
model tests to establish the effects of pltch and yaw are necessary
before the inlet can be recommended for applicatlon.

Langley Aeronautical Taboratory
National Advisory Committee for. Aeronautics
Langley Alr Force Base, Va,
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ORDINATES OF CENTER-LINE SECTTON OF LIF OF
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Creat of ramp

(a) Original version of configuration ITI. Configuration I was ldentical except for absance of slot.
Configuration II also wag ldentical except that slot was 0.43 inlet heights further aft.
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Figure 2.- Views of typlcal scoops.
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(b) Final version of configuretion JII with modified slot, scoop lip, and gutters.
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(¢) Configuration IV,
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(d) Configuration VI, side view. Configuration V was identical except for ebsence of bypass exits,

Tigure 2.- Continued. .
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(e) Configuration VI, plan view.

Configuration V wee identical except for absence of bypass exits.

Figure 2.~ Concluded, _ W
' L-59943
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Figure 3.- Line dravings comparing the several configurations. All linear dimensions are in inches.

Bee figure 4 for slot dimensions and tebles T and IT for surface ordinates.
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Figure 3.- Concluded.
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Figure 14.- Comparison of average total-pressure recoveries at inlets and
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retio and suctlon quentity. Boundary layer B.
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(b) Configuration V.

Figure 15.- Contimued.

ETVOCT W VOWN-



1.0
o — B— : — o
/,/:-: i — OB e
ng ﬁ o -1
c L~
(Ei. - Po\ E"A .
e
\ % sy 4P/’
X -4
L/
/
«3 / i N .8 1.0 1.2 14 1.6
Vs
A O
1.0 —~C— % 2.3
/,-r:l—- * 0.8
) o— » _—
ﬁ /,/ Mariss from 1.87 at
0 etk e == e .‘6’::0.51 o 0,80 at
. - I o
: bf//af/ %% V. 1.56. Beo
Hy =R el o 2 f::,f fig. 18,
T v DAz | NN
L% + —~t Oy
8 7 s -~ =T S1otlens -
L \/’ oonfig. I
o7 / L g i 1 L
o2 o4 /// 8 .8 1.0 1.2 Led 1.6
vy
¥,

(c) Configuretion VI.

Figure 15.- Concluded.
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{b) Canfiguration V - Ramp slot.
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Figure 16.- Average total-pressure recoveries in suction slots after diffusion. Boundary lsyer B.
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Figure 17.- Average total-pressure recovery at end of diffuser at v_i = 0.52 as a function of suction

quantity and distribution of suction.
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Figure 18.- Suction flow quantity provided by bypass of configuration VI. Bouﬁdary layer B.
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Figure 22.- Increase in external drag caused by installatlon of ecoop. Boundary layer B.
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Figure 25.- Effect of boundary-layer thickness on ayerage total-pressure recoveries

of diffusers.
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Figure 26.- Effect of boundary-layer thicknese on average total-pressure recoveries at ends of diffusers
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