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RESEARCH MEMCRANDUM

INTERNAL PERFORMANCE AT MACH NUMBERS TO 2.0 OF TWO AUXTILIARY
INLETS IMMERSED IN FUSELAGE BOUNDARY LAYER

By Donsld B. Pennington and Paul C. Simon

SUMMARY

An experimental investigation was conducted to evaluate the inter-
nal performance of two types of auxiliary air inlets, a submerged and a
scoop Inlet, operating within the turbulent boundary layer existing on
the bottom of a typical supersonic fighter aircraft afterbody. Diffuser-
exit totel-pressure recovery and mass flow were obtained at stream Mach
numbers of 0.64 and from 1.5 to 2.0 at angles of attack of O and 3°.

The meximum total-pressure recovery of the submerged inlet was 0.35
and 0.17 at stresm Mach numbers of 1.5 and 2.0, respectively. At these
same Mach numbers the scoop inlet critical recovery, 0.45 and 0.27, fell
considerably below the theoretically possible wvalues.

INTRODUCTION

In addition to the engine air-flow requirements of power plants for
supersonic vehicles, auxiliary air may be needed for engine cooling and
accessory drive purposes. This suxiliary air msy be furnished by the
engine alr source or, in some cases, by one or more Independent auxil-
iary inlets.

Although considerable effort has been expended in studying the per-
formance of Jjet-engine air inlets, little 1s known about the performance
of smell, independent auxiliary inlets. The size, type, and loecation of
the auxiliary inlet will vary with the weight flow and pressure level
required. Since the welght-flow and pressure-level requirements are
usually low, compered with the englne, and since the installed drag
should be kept to a minimum, it may be necessary to place such suxil-
iary inlets within the fuselage or the wing boundary layer.

Un
s C LASSIE) ey



L NACA RM ES53L28b

An investigation was therefore undertaken, utilizing an existing
model, to evaluate the internal performances of both a submerged and
a scoop suxiliary inlet. These inlets were operated in the turbulent
boundary layer existing on the bottom of the aft section of & typical
supersonic fighter alrcraft fuselsge.

The investigetion was conducted 1n the NACA Lewis 8- by 6-foot
supersonic wind tunnel at Mach numbers of 0.64 and from 1.5 to 2.0
and at angles of attack of O and 3°. Reynolds number, based on model
length ahead of the inlet and free-stream conditions, varled between

15x106 and 19x106.

SYMBOLS

The following symbols are used in this report

area, measured perpendicular to duet center line,
sq in.

inlet lip height: for submerged inlet, 0.27 in.;
for scoop inlet, 0.60 in. .

local Maech number outside boundary layer

stream Mach number

ratio of area-weighted average Mach number in

boundary layer to free-stream Mach number

mass flow

ratio of dﬁct mess flow to masé_flow in free-stream
tube equel to inlet lip area

ratio of mass flow in boundary layer to mass flow in
free-gtream tube equal to scoop inlet lip ares

total pressure

ares-weighted average total pressure in boundary
layer
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p
Subscripts:
bl

er

max

0]

1, 2, 3

ratic of ares-welghted average total pressure in
boundary layer to free-stream total pressure

Reynolds number, pyVol/kg (2 = 47.83 in.)
local stream velocity outside boundery layer
veloclity in boundary layer

veloclty

duct coordinate dimensions (see figs. 3 and 4)
distance normal to fuselage model surface
angle of attack, deg

boundary-layer thickness (defined by u/Us = 0.99),
inlet station b, in.

viscosity

density

plane of boundary-lsyer survey
critical

maximum

free-stream conditions

inlet stations (see fig. 2)

APPARATUS AND PROCEDURE

Two inlets were alternastely installed on the afterbody of & one-
tenth scale model of a typical supersonic airplane fuselage. A photo-
graph of the installestion in the NACA Lewis 8- by 6-foot supersonic
tunnel, together with an enlarged view of the scoop inlet, is shown
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in figure 1. The isometric views of the submerged and scoocp inlets
pletured in figure 2 1llustrate the approximate relative heights of
the boundary layer and the inlet entrance. Also indicated in figure
2 are the lnlet stations, bleed-off cowl slots, inlet entrance lip
shape (station l), and diffuser-exit pressure instrumentation. De-
tailed drawlngs of the inlets are given in figures 3 and 4. The
flow-ares veriation for both inlets is given in figure 5.

Although the submerged inlet 1s a small-scale version of an NACA
submerged inlet, the design principles of which are discussed in ref-
erence .1, 1t should be noted that the retio of inlet 1ip height to
boundary-leyer thickness has been decreased considerably from the
value of the full-scale inlet.

The bleed-off cowl slots were incorporsted in the design of the
scoop inlet to bleed off the very low-energy alr existing in the lower
portion of the fuselage boundary lsyer. This type of slot has been
found to be effective in lmproving scoop inlet performance
(refs. 2 and 3).

Emphasis should not be placed on a camparison between the perform-
ance of the submerged and scoop inlets because the inlets are dissiml-~
lar in meny ways, other than the type of entrance. A larger helght to
width ratio, combined wlth a greater helight to boundary-layer thickness
ratio, provides the scoop inlet with air of higher energy potential
than the submerged inlet. Also, the scoop inlet is provided with a
considerably more gradual ares varistion and lower turning angle then
the submerged inlet.. . These differences, combined with the fact that
the scoop inlet is provided with boundary-isyer bleed-off slots, were
expected to result in distinct adventages for the scoop inlet.

The exit ares of the discharge duct was varied by longltudinal
motion of & remotely comtrolled plug {fig. 2). At supersonic condi-
tions the mass flow and total-pressure recovery were determined by
means of static-pressure measurements at inlet station 2 and sonic
flow at the duct exit. The pressure ratio necessary for choking at
the duct minimum area wes not reached during subsonlc operation, and
it was therefore necessary to utilize the measured static pressures
and area ratio between inlet stations 2 and 3 to establish the mass
flow and total-pressure recovery.

_ As a check on flow stability of the scoop inlet, & dynemic pressure
plckup was connected to a wall static orifice located 1 inch upstream of
inlet station 2.
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RESULTS AND DISCUSSION
Boundary-Layer Flow

A boundery-layer survey wasg conducted to establlsh the character
of the flow conditions shead of the inlet. The survey was made with
the inlet removed, at a longitudinal fuselage statlon corresponding
to the entrance plane of the scoop inlet. The results of the survey
are presented as nondimensional boundary-lasyer profiles in figure 6,
boundary-layer thickness in figure 7, and ratio of boundary-layer to
free-stream parameters in figure 8.

The turbulent 1/7-power boundary-layer profile,

- @

is included in figure 6 for the purpose of comparison with the experi-
mental survey data taken at Mach numbers of 0.64, 1.5, and 1.7. The
increase in boundary-layer thickness with increasing Mach number is
shown in figure 7. For general interest, the theoretlical two-
dimensional, turbulent boundary-leyer thickness of reference 4 is

also included in the figure. Agreement between this theory and ex-
periment was realized only at & Mach number of the order of 1.5. The
submerged inlet always operated within the fuselage boundary layer,

as did the scoop inlet at supersonic speeds.

The relation between the stream conditions and the corresponding
boundary-~layer Mach number, mass flow, and total pressure is presented
in figure 8 in ratio form. It should be noted that throughout this
report the subscript bl denotes the integrated quantities in the
boundary layer to a height of 0.6 inch, the lip height of the scoop
inlet.

Inlet Performence

The inlet mass-flow and total-pressure-recovery characteristics
at angles of attack of 0 and 3° for Mach numbers of 0.64 and 1.5 to
2.0 ere given in figures 9 and 10. The mass-flow-ratio values at a
Mach number of 0.64, for the submerged inlet (fig. 9), extend beyond
the indicated maximum theoretical masss flow ratio (based on stream
conditions and inlet choking). The implicit nature of the data-
reduction method inherently results in increasing errors in computing
the mass-flow values at the high mass flow ratios. The values of the
total-pressure recovery are, however, considered accurate.
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It is interesting to note that peak total-pressure recoveries cam-
parable to those cbtained with the scoop auxiliary inlet (fig. 10) have -
been observed for boundary-layer-removal scoops of side inlets operat-
ing in the same range of h/® (refs. 3 and 5).

Change in model angle of attack from O to 3° glightly increased
both the submerged and scoop inlet total-pressure recoveries throughout
the mass-flow renge at gll stream Mach numbers investigated. This im-
proved pressure recovery is consistent wilth that observed in reference
3, for example, as the ratio of boundary-layer scoop height to boundary-
layer thickness was increased, and is probably due to thinning of the
boundary layer on the fuselage underside as well as reduced shock losses
resulting from the lower local Mach numbers.
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An estimste of the critical mass-flow splllage of the scoop inlet
can be determined by taking the difference between the experimental
critical mass flow ratios and the maximum avallable mass flow ratio
calculated from the boundary-layer flow, and indicated in figure 10 .
by the dashed lines. No attempt was made to establish the critical
splllage of the submerged inlet.

The scoop inlet exhibited stable flow (no buzz) at all conditions
of operation. Although dynemic measurements were not taken, the low
slope of the subcritical pressure recovery - masg€ flow curve of the
submerged inlet suggest that it too may have been free of flow
instability.

The pressure recoveries of both inlets at zero angle of attack,
referenced to stream total pressure, are shown on figure 1li. At a
Mach number of 0.64, both inlets had totel-pressure recoveries of
about 0.83. Between Mach numbers of 1.5 and 2.0 the scoop inlet
eritical pressure recovery decreased from 0.45 to 0.27 and the maxi-
mum recoveries for the submerged inlet decreased fram 0.35 to 0.17.

For comparison, the total-pressure recovery of a sharp-lip sub-
merged inlet intended as a primary engine-sir source (ref. 6) is in-
cluded in figure 11l. The Inlet of reference 6 gave better pressure
recoverles than were obtained with the submerged auxillary inlet
possibly because it captured higher-energy eir and had lower subsonlc
diffuser losses.

Also included in figure 11 is a theoretical curve based on the
theory of reference 7 which represents the optimum total-pressure
recovery obtainable with a normsl-shock scoop inlet operating in a
turbulent 1/7-p0wer profile boundary layer at the a/& values of ~
the inlet being evaluated (see fig. 7).
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A more reslistic evaluation of the scoop inlet efficiency can be
made if, instead of referring the diffuser pressure recovery to free-
stream total pressure, an integration of the total pressure in the
boundary layer spproaching the inlet 1s employed as the reference
pressure (fig. 12). The theory of reference 7, based on the average
total pressure of g l/7-power boundary-leyer profile, ig reproduced
in the figure.

The experimental pressure recoveries, In the supersonic regime,
fall well below the optimum velues; however, the same genersl trend
with Mach number is indicated. The difference between theory and
experiment 1s an Indicetion of edditional losses, not accounted for
by the theory, occurring ashead of the scoop and in the diffuser duct.

SUMMARY OF RESULTS

An investigetion was conducted on a submerged suxiliary inlet and
a scoop auxiliasry inlet which were installed within the ‘turbulent bound-
ary leyer on the afterbody of a typical supersonic fighter girplane.
The internsl performsnce of these inlets operating at stream Mach num-
bers of 0.64 and from 1.5 to 2.0 can be summarized as follows:

1. Pressure recoverles at e Mach number of 0.64 were essentially
the same for both inlets. At Mach numbers of 1.5 and 2.0 and zero
angle of attack, the maximum total-pressure recoveries of the submerged
inlet were 0.35 and 0.17, respectively. For the same Mach numbers the
scoop inlet critical recoveries were 0.45 gnd 0.27.

2. Change in model angle of attack from O to 3° increased slightly
the total-pressure recovery of both the submerged and scoop inlets.

3. Because most of the air handled by the auxiliary submerged
inlet is teken from the fuselage boundary layer, the pressure. recovery
of this inlet falls comsidersbly below that obtalned with submerged
inlets intended to supply the engine mass-flow requirements.

4. The experimental pressure recovery of the scoop Inlet was com-
pared with a theory which accounts for normsal shock losses of a 1/7-
power boundary-layer profile. The theory, although optimistic in pre-
dlcting the pressure recovery of the scoop inlet of this investligetion,
geve the same genersl trend of pressure recovery with stream Mach number.
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5. The scoop inlet exhibited stable (no buzz) operation at all con-
ditions investigated. Although the diffuser was not instrumented, the
low slope of the subcritical mass flow - pressure recovery curve may
suggest that the submerged inlet also had stable suberitical operation.

Lewis Flight Propulsion Leboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, December 28, 1953
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Enlarged piotograph of scoop lnlet

C-34334

Figure 1. - Fhotograph of acoop
supergonic wind tupnel,

C-34333.

inlet mounted cn fuselage of primery model Installed in 8- by 6-foot
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Boundary-layer parameters

15

(o] Boundary-layer thickness
Scoop inlet height
——— — Theoretical {ref. 4)

1.0
y/
— — / —
\J
st
.5 Q=
Reynolds number,
Re
15.44x106 15.62x106 [19.05x108 17.25x106
[ | | I i I
0 n .8 1.2 1.6 2.0

Stream Mach number, My

Figure 7. - Boundary-layer thickness shead of inlets. Angle of

attack, a, O.
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Figure 9. - Total-pressure recovery of submerged inlet.
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Pligure 10. - Total-pressure recovery of scoop inlet.
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Figure 12. - Bcoop inlet total-pregsure recovery. Based on initial
boundary-layer conditions.
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