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SUMMARY

The pressure—recovery characteristics at the verticael cemter line
of an NACA submerged inlet of aspect ratic 5 have been msasured 1in the
Mach number range 0.60 to 1.08 by the wing—flow method. The variation
of ramrecovery ratioc determined from measurements at the center linse
of the inlet with test statlion Mech number is presented for mass—Tlow
ratios of 0.30 to 0.60.

High rem rscovery was maintained up to test—statlon Mach numbers
of 1.03 to 1.08, where, for mess—flow ratios below 0.5, an abrupt loss
in pressure recovery was asscclated wilth formastion of a shock wave on
the inlet ramp and subsequent interaction wlth ramp boundary layer.

INTRODUCTION

The favorable preséure—recovery characteristics of NACA submerged
inlets have been demonstrsgted at low speeds (references 1 and 2) and at
high subsonic speeds (reference 3). The need for data at transonic
speeds on this type of inlet hes become urgent due to thelr contemplated
use on airplanes capable of flight in this range. Quealitative data at
low transonic speeds have been obtained on a submerged inlet of aspect
ratio 4 in & small high-speed wind tunnel (reference L).

To provide data on a submerged inlet in the transonlc range, tests
were mede on an aspect ratio 5 inlet using the NACA wing—flow method.
This report presents the characteristics of the submerged Inlet In the

Mach number range of 0.60 to 1.08. The inlet characteristics are
discussed solely ln terms of pressure—recovery performance.

NOTATION

A duct entrance area, square Teet
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T total pressure, pounds per squars foot
M Mach number -

static pressure, pounds per square foot

v velocity, feet per second
u local velocity, feet per second
Z distance above test—statlon surface, lnches
P alr demnslty, siugs per cublic foot
3] boundary—layer thickness, inches
& pu '
o* displacemsnt thickness [\/ﬂ <é f-ﬁgﬁs> dz}
o :
H1—Po ream—recovery ratio
Ho~Po
o oAV
Z1 mase—flow ratio <pz l)
Mo oAVo
Subscripte
o test station (approximately 3 in. aft of hO-percent wing-chord
station ) :
1 rake location. ; _ .
1 local
& outer edge of boundary layer

TEST EQUIPMENT

The investigation was conducted by placing the modsl inlet in a
region of accelerated air flow over a speclal bullt-up test statlion on
an alrplane wing. A photograph of the inlet Instalied on the test station
is shown in figure 1. The pertinent inlet dimensions are presented in
figure 2 and provide the standard divergent wall as described 1n refer—
enca 1. The standard type 1lip for this type inlet was not used on this

model.
-
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Flow Field

Moasured characteristics of the flow field include ths horizontal
Mach number dlstribution and the variation of total bhead through the
test—station boundary layer. The measurements were made wlthout the
model installed bubt under condltlons of comstant alrplane Mach number,
normal accelsratlon, and averages pressure altitude otherwlse ldemtical
with the test rums. Flgure 3 presents the distributlon of local Mach
number along the test station. The 4O-percent wing chord shown on this
Pigure locates the test station on the airplans wing. Figure 4 shows
the varistion at maximum airplane Mach number of total pressure through
the boundary layer measured by a rake of total pressure tubes located 3
inches aft of the LO-percent wing-chord station.

Ducting System

In producing a pressure differential across the inlet, to enable
air flow through it, a ducting system was constructed whereby the
discharge could be made at a region of low static pressure. The inlet
exhausted into a plenum chanber which discharged through s circular duct
to the upper surface of the wing at a station 33 inches inboard of the
inlet. A schematic drawing of this ducting system is shown in figure 5.
The amount of sir flowing through the system and conseguently the mass—
flow ratio was varied by using several different dismeter constrictions
at the flow outlet. :

IRSTRUMENTATTIOR

The pressure recovery was measured by a rake of nine total pressure
tubes mounted on the duct center 1line Just inside the lip (fig. 2). The
ratio of area at the measuring statlon to 1nlet ares was 1.13, thus
pome diffusion losses were included in the measurements. The complete
inlet area could not be surveyed wlithout unduly lowering the mass—flow
ratio; however, the center line measurements are considered to be a
qualitative indication of the transonic characteristios of the inlet.

The mass—flow ratlo was determined from a callbration of the
pressure drop at the junction of the plenum chamber and the exit duct.
This effective Venturl was calibrated by a series of ground tests using
a compressor and a standard ASME flowmeter orifice. The location of
the meassuring tubes are shown 1n figure 5.

The statlic pressure distribution ﬁas megasured over the forward
portion of the ramp. The flush type orifices were mounted along the
center line of the ramp.
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The pressure recoverles at the duct center line were measured for
each of four outlet conmstrictions (various mass—flow ratios) at constant
Mach nunbers in the range 0.50 to 1.10. Typical curves of the measured

H . N N
rem—recovery ratios =27 Po across the Inlet entrance are presented in

BoPo

figure 6.

The variation of mass—flow ratioc with Mach nunmber for two different
outlet restrictions 1s presented in figure 7. Because of the variation
in mass—flow ratic with Mach number, it was necessary to cross—plot the
actual test data to obtain curves of ramrecovery ratio as a function of
Mach number at constant values of mass—flow ratio.

DISCUSSION
Pressure-Recovery Characteristics

The variation of ramrecovery ratio with Mach nunber along Lthe
vertical center line of the inlet for constant mess—flow ratics from 0.3
to 0.6 is presented in figure 8.1 Good recovery characteristics are
indicated at the test mass—flow ratios up to test—station Mach numbers of
1.03 to 1.08. At some value of Mach number in this range, for mass—flow
ratios below 0.5, the ram—recovery ratio® decreased sbruptly.

The abrupt loss in ram—-recovery ratio.at the higher Mach numbers
obtained in this investigation of an aspect ratlo 5 inlet 1s believed to
be due to separation along the ramp caused, by shock—wave boundary—layer
interaction. During a run with gradually increasing test—station Mach
nuriber the occurrence of s shock wave on the inlet ramp was indicated.
Figure 9 shows the variation of local Mach number over the forward portion
of the ramp for several values of test—station Mach number and for two mags—
flow ratlos taken during this run. At a test—setation Mach number of approz—
imately 1.05, a shock wave occurred on the inlet ramp as indicated by the
ebrupt chsnge in local Msch number. This abrupt change cccurred, with no
change in inlet geometry, simultaneously with the loss In ram—recovery
ratio and mass—flow ratlo shown in figure 10. It will be seen from figure
10 that when the loss occurred it was dlstributed across the entlre height
of the inlet. This iIndicates considerable thickening of the boundary
layer and separation due to the interaction of the ramp boundary 1ayer
end shock wave.

lThese values are the average and are not weighted according to the local
mass—flow ratio.
2Tt should be noted thet the ram-pressure recoveries presented in this
report do not represent the total inlet characteristics, but represent
conditions only along the center line of the inlet.
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A further indication of the effect of thls ramp shock wave 1s
evident 1n the variatlon of mass—flow ratlo with Mach number. Im filgurse
T, for ome particular configuration, a decrease of 0.113 mase—flow ratic
occurred at a Mach number of 1.08 when the shock wave appeared on the

entrance ramp.

Application of Data to Fuselage Inmstallations

The effect of the ramp boundary-layer and shock-wave interaction on
the varlatlion of pressure recovery with Mach number 1s a signifilcant
factor in evaluating the results of these tests of an lsolated inlet.
Quantitative comparisons with other tests or use of the data to estimate
the characteristices of an Installation on a fuselage not only must be
mede for the same aspect ratio but willl accurately represent conditions
only for locatlons having static—pressure gradlients, superstream veloci-
ties, and boundary—layer characteristices similar to the wing—flow test
station.

A comparison between the Mach number gradients over the wing-flow test
station and those over a prolate spheroild of finenmess ratio of 6 1 pre—
sented in figure 11, The data for the prolate spherold were obtalned from
reference 5. This comparison 1s made for a reference Mach numwber of 0.95.
The variations at other Mach nimbers were such that the relation shown
in figure 11 15 comnsldered to be repressntative of the comparison between
the wing-flow test station anmd a prolate spherold of fineness ratio of 6.
It can be concluded from figure 11 that the pressure gradlent end super—
gtream velocitles exlsting at the ramp locatlon on the wing—flow test
station approximate those existing between the 1l6—percent to 36—percent
statlons on the prolate sphercld. Thus, except for differences in boundary—
layer characterlstics (dus to differences between two— and three—dimen—
sicnal effects as well as those arising from scale)}, the test data of this
report can be considered to represent the charascterlstlices of & flush inlet
configuration such as plctured at the top of figure 11.

’

CONCLUDING REMARKS

Measuremente conducted on a wing—flow-—method-teset statlion have been
used to study the effect of Mach number on the pressure-recovery charac—
teristics of an NACA submerged Inlet of aspect ratlioc 5. The favorabls
low—speed characteristics were maintalnsd up to the Mach nuwmber range 1.03
to 1.08 where, for mass~flow ratios below 0.5, an abrupt loss in pressurs
recovery was measured. This abrupt loss In ram-recovery ratlo is belleved
to be due to separation along the ramp caused by shock—wave boundary-layer

Interaction.
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In any attempt to use these results it is important to take into -
conglderation. that they are subject to influence not only by the given
inlet geometry (e.g., inlet aspect ratio, ramp divergence, etc.), but
also by the pressure fleld existing on the basic body, which will
influence boundaryalayer growth, separation, and superstream velocities
along the ramp.

Ames Aeronautical Leboratory,
Natlonal Advisory Committee for Aeronputiocs,
Moffett Fleld, Celif.
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Figure 1.~ Gensral view of wing—flow test station with sulmerged inlet installed.
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 Figure 2.- Drawing of submerged inlet.
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Figure 5.- Schematic drawing of inlet test assembly.
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