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INLETS IMMERSED IN A TURBULENT BOUNDARY LAYER
MACH NUMBER RANGE: 1.5 TO 2.0

By Paul C. Simon

SUMMARY

An experimental investigation was conducted to determine the inter-’
nel performance characteristics of a series of ciredlar, open-nose sux-
iliary air inlets immersed, by various smounts, into the supersoniec,
turbulent boundary layer generated by the 8- by 6-Foot supersonic wind
tunnel wall. Geometric varistions, which were tested at nominal free-
gtream Mach numbers of 1.5, 1.8, and 2.0, included two Iinlet diameters,
three lengths of inlet constant-srea section, and two diffuser diver-
gence angles.

Iniet criticel total-pressure snd mass-flow ratios were reasonsbly
predicted by theory at all conditions investigated. When an inlet with
a dismeter approximstely equal to the thickness of the gpproaching boun-
dary layer wes moved from the free stream at a Mach number of 1.99 to a
position of complete boumdary-layer immersion, the critical total-pressure
recovery was reduced from 0.72 to 0.52 and the critical masgs-flow ratio
(referenced to free-stream conditions) dropped from unity 4o 0.81. Dur-
ing suberitical operation of this Inlet, diffuser-exit static-pressure
pulsations reached a meximm of a.pproxima‘bely 11 percent of free-stream
total pressure at all Mach numbers investigated.

INTRODUCTION

The need for independent auxiliary inlets to supply air to Jet-exit
ejectors or to accessory equipment installed on supersonic vehicles 1s
discussed in reference l, where the internel performance of two specific
boundary-layer auxiliary inlets is reported. A more systematic investi-
gation into the internsl performance of inlets immerged in a supersonic
turbulent boundary lesyer was indicated. Therefore, & general investiga-
tion was undertaken to determine the internal performance characteristics
of a series. of circular, normal-shock-type, scoop inlets immersed partly
or entirely within a supersonic, turbulent boundary layer wlth zero pres-

sure gradient.
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The study was conducted in the NACA Lewls 8- by 6-foot supersonic
wind tunnel at nominsl free-stream Mach numbers of 1.5, 1.8, and 2.0,
with the euxiliary-eir inlets located in the boundary layer developed
along the tunnel wall. The boundary-layer thickness wae approximstely
equal to that predicted for the aft portlon of a typical fighter fuse-
lage. Two sharp-lip inlets were tested; one having its diameter egqual
to the boundery-layer thickness, and the other equal to half the boundery-
leyer thickness. In addition, three lengths of inlet constant-area sec-
tions and two diffuser divergence angles were evalueted. The Reynolds
number per foot, based on free-stream conditlons, varied between 4.,44%X10

and 5.36%108.

SYMBOLS

The following symbols are used in this report:

A area

Ce friction coefficient

D diffuser-exit inside dismeter (stations 3 and 4}, in.
a inlet diameter (station 1), in.

I/s inlet-boundary-layer immersion ratio (see fig. 2)

L length of conical diffuser, in.

1 length of inlet constant-area section, in.

M  Mach number

EQZ/MO ratio of sverage Mach number at boundary-layer survey

station for srea equal to inlet and located at given
immersion ratio to free-stream Mach number (see eq. (2))

mbz/ﬁo ratio of total mass flow, at boundary-lsyer survey sta-
tion, through an area equal to inlet and located at
given immersion ratio to mass flow through an equal
area in free stream

P total pressure
sz/Po ratio of average total pressure at boundary-layer survey

gtation for area equal to inlet and located at given
immersion ratic to free-stream total pressure (Bee

eq. (3]}
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Subscripts:
bl

cr

R - 3

static pressure

emplitude of diffuser static-pressure fluctuations,
max. emplitude
Fo

Reynolds number per foot, poUb/ﬁo
total tempersture

free-gtream velocity

velocity in boundsry lsyer
weight,flow, lb/sec

welght-flow parameter per unit area, referenced to stan-

dard sea~level conditions, Wé Zliégf%

exial distance from station 2, in.
distance normal to tunnel wall, in.
conical~diffuser included angle, deg
ratio of specific heats, 1.4

boundary-layer thickness (defined by u/Up = 0.99) at
inlet station bZ, in.

cylindrical coordinate, deg
viscosity

density

plane of boundary-layer survey

critical (highest pressure recovery in constant mass-flow
range)

maximim
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0} free-gstream conditions

1,2,3,4 inlet stations (see fig. 4)

APPARATUS AND PROCEDURE

A series of circular, open-nose, sharp-lip, auxiliary air inlets
were investigeted in the 8- by 6-foot supersonlc wind tunnel. The tests
were conducted with the inlets mounted either on the tumnel bottom wall,
with a fixed-position support system (fig. 1(a)}, or on the tummel top
wall, secured by a remotely controlled boundary-layer-immersion support
systen (fig. 1(b))}. The installations were located at a tunnel station
such that the tests could be similtaneously conducted without mutuel in-
terference with another model (different test program) also mounted in
the test section at the tunnel center line. The remotely controlled
support system enabled the inlets to be moved, normal to the tummel wall,
from a position completely outslde the tunnel boundary layer (free stream)
to positions where the inlet was Immersed in the boundary layer by 46, 68,
and 86 percent of the boundary-layer thickness. These positions are
schematically represented in figure 2.

The nine configurstions investigated are i1llustreted in figure 3 and
each is identified by three numbers: +he inlet lip dliameter 4, the ratio
of length of inlet constant-area section to inlet diameter 3/d, and the
conlcal-diffuser included angle pB. Five of the models had an inlet
diesmeter of 2 inches, which is approximately one half of the boundary-
layer thickness, while the four remasining models had an inlet diameter
of four inches. Three different constant-area sectlons behind the 1lip
El/d of 0.5 or 0.75, 1.5 and 3.0) and two diffuser divergence angles

6.5 and 3.5) were evaluated. :

Model stations are indicabted in figure 4, which depicts a typleal
configuration partially immersed in the boundary layer. The boundary
layer generated eslong the tunnel wall was messured with a total-pressure
rake and an adjacent static orifice, at station bl (immediately forward
of the inlet 1lip station l) without a model present. A total-pressure
survey was made at inlet station 3 for the purpose of establishing the
diffuser-exit total-pressure profiles. The exit area of the discharge
duct was varied by longitudinal motion of a remotely controlled, mass-
flow throttling plug. The mass flow and the total-pressure recovery
were determined by means of static-pressure measurements at station 4
and the known sonic flow area at the duct exit assuming isentropic flow.

Dynamic-pressure pickups were connected to a tunnel-wall static-
pressure orifice at station bl and a diffuser-wall static-pressure
orifice located 2 inches upstream of station 3. The pressure fluctua-
tions were recorded by a Brush oscillograph and were used to.analyze
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the amplitude of the boundary layer and inlet pressure oscillations.
Tunnel boundary-layer static-pressure perturbations were found to remsin
constant at a negligible value of 0.2 percent of free-stream total pres-
sure for the Mach number range from 1.5 to 2.0 with no inlet configura-
tion present.

RESULTS AND DISCUSSION

Boundary-Leyer Flow

In order to ascertain the character of the tunnel boundary layer
immediately shead of the inlet, & total-pressure survey was made on both
the bottom and top tunnel walls with the inlet removed. The bottom-wall

survey rake was located at a tunnel station 4 feet 5% Inches ‘upstream of

the top-wall rake, thus resulting in a siight difference in velocity pro-
files. The pertinent boundary-layer information,based on free-stream
conditicns, such as the profile, boundary-layer thiclkness, Mach number
outside the layer, and the Reynolds number per foot, is presented in

Tigure 5.
The power l/N of the nondimensional boundary-leyer profile

5@

was found to be 1/10 for the bottom wall and 1/9.3 for the top wall. -
These experimentelly determined velues, along with the established
boundary-layer thickness, the free-stream Mach number, and the assump-
tion of constant static pressure and total temperature throughout the
boundary layer, were inserted in the following equation, which defines
the boundary-layer mass-flow ratic that theoretically would enter a
circular inlet:

1/2

<Iib—2> -1 [ w e U an (1)
Mo /g M Mo 1+T—‘,;-]=b:so2

The integral was evaluated numericelly. For cases where part of the
inlet lip was protruding out of the boundary layer, the mass flow enter-
ing that portion was added to the values determined from equation (1),
thus determining the total mass flow available to the inlet (in terms

of the free-streem mass flow). The resultant mass-flow ratios are pre-
sented in figure 6 together with the mean iniet Mach number and the mean
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available inlet total-pressure ratios. The mean inlet Mach number and
total-pressure ratios were determined from one-dimensional continuity .
congiderations and the evaluated totel mass-flow ratio from the equations

1/2
—_ -1l = 2
My (15 W, _ My (2)
-1, 2
M 1+ Lt 9 ;
[.2]
and nlg
=y
-1z 2\~
Ppy [ 175 My
1+ M

A detailled account of methods of averaging the pertinent boundary-layer
paremeters, including the preceding method, may be found in references 2

and 3. BSince in this report the experimental performance of the inlets *
Investigated 1s presented on the basls of free-stream conditions, the
characteristics based on the mean initial inlet flow conditions can be
determined by utilizing the ratios of the average or mean boundary-lasyer
"to free~stream parameters presented in figure 6.

Inlet Performence

The theoretical and experimental auxliliary-inlet mass-flow and total-
pressure-recovery charascteristics at critical flow are summarized in
table I. Complete experimental results, at nominal free-stream Mach num-
bers of 1.5, 1.8, and 2.0, are plotted in figure 7 for immersion ratios
I/B of zero, 0.46, 0.68, and 0.96. Lines of constant weight-flow param-
eter per unit ares Wc, 4 B8re presented for convenlence.

With the inlets completely immersed in the boundary layer (L/d =
0.96) , configuration 4-3.0-3.5 delivered the highest meximum pressure
recovery, that 1s, 0.72 and 0.53 at Mach numbers of 1.50 and 1.99,
respectively. The effect of inlet-boundery-layer immersion on the crit-
ical pressure recovery and mass-flow ratio is illustrated in figure 8(a)
by the typical performance of configuration 4-3.0-3.5. As would be ex-
pected, both mass flow and pressure recovery decreased as the amount of
inlet-boundary-layer immersion was increased. At a free-stream Mach num-
ber of 1.99, the critical pressure recovery was reduced from 0.72 %o 0.52
and the critical mass-flow ratio dropped from unity to 0.81 when the in-
let was moved from the free stream to a position of camplete boundary-
layer immersion.
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The theoretical total-pressure recoveries shown on figure B(a)
(also tabulated in table I) were determined from the normal-shock total-
Pressure ratioc teken at the mean boundary-lsyer Mach number My, &8

calculated from equation (2). With the inlet immersed in the boundary
layer by 96 percent, the theoretical value was calculsted to be 0.55
compared wilth the experimental value of 0.52 &t Mach number of 1.99.
Even better agreement can be achieved by including the theoretical 4if-
fuger friction losses presented in reference 4, as shown in figure 8 by
the solid symbols; at I/8 of 0.96 and Mp of 1.99, the estimation of
the recovery was thus improved to a value of 0.54. The inclusion of the
friction losses in the theoretical prediction becomes of greater signif-
icance as the free-stream Mach number decresses. The excellent agree-
ment between theoretical and experimental mass-flow ratios, shown in
figure 8(a), indicates that the inlet captured the entire amount of air
availsble to 1t (eqg. (1) or fig. 6).

The effect of inlet-boundary-leyer immersion on critical total-
bressure recovery and mass-flow ratlo, referenced to the mean boundary-
layer flow condition, is presented in figure 8(b) by the performance of
a typical configuration (4-3.0-3.5)." The diffusion efficiency, as indi-
cated by the changes in total-pressure recovery, improved as the inlet
Immersion into the boundary leyer was increased. This trend might be
expected, since the shock losses decrease as the average inlet Mach num-
ber is reduced and the immersion is increased. The critical mess-flow
ratios and total-pressure recoveries of the rectangular, rounded-lip,
boundery-layer scoop Inlet of reference 1, shown on figure 9 as talled
symbols, indicate a recovery comslderably lower than that of the circu-
lar inlet in addition to a mass spillage of gbout 25 percent (low-energy
bleed-off slots were incorporated in the entrance 1ip of the reference
inlet). The internal performance of the boundary-layer-removal sScoops
reported in reference 5 can also be utilized as an aild to evaluating
auxiliary eir supply systems.

The experimentally determined effect of inlet-boundary-layer lmmer-
sion on critical weight-flow parameter (Wé 4)cr is presented in figure

.9(a) for configuration 2-3.0-3.5 and in fiéure 9(b) for configuration

4-3,0-3.5. The 2-inch-diemeter inlet and the 4-Inch-diameter inlet
showed an increase in critical weight-flow parsmeter of approximately

23 percent and 13 percent, respectively, when the inlets were moved from
the free stream to the wall. Such curves are convenlent for studying
weight-flow matching of auxiliary inlets to accessory alr requirements.

The effect of changes in length of inlet constant-area section and
diffuser divergence angle on inlet critical pressure recovery and mass-
flow ratio is presented in figure 10(a) for the 4-inch-diameter inlet
and in figure 10(b) for the 2-inch-diameter inlet at immersion ratios of
zero and 0.96. The rate of change of total-pressure recovery with free-
stream Msch nunmber, for both diameter inlets and all amounts of inlet-
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boundary-layer lmmersion, was equal to tkhe nmormal-shock total-pressure-
ratio relation. For complete inlet-boundary-layer immersion (I/8 = 0.96)
of the inlet having a diameter approximately equal to the boundsry-layer
thickness (fig. 10(a)) and operating st Mach number 1.99, the lengthen-
ing of the inlet constant-ares section from 0.5 inlet dismeter (config-
uration 4-0.5-6.5) to 3.0 inlet diameters (configuration 4-3.0-6.5) in-
creased the meximum pressure recovery from 0.46 %o 0.51. At the same
operating conditions, a decrease in diffuser divergence angle from 6.5°
(configuration 4-0.5-6.5) to 3.5° (configuration 4-0.5-3.5) increased
the recovery from 0.46 to 0.50. The combined effect of the simultaneous
changes in geometry from configuration 4-0.5-8.5 to 4-3.0-3.5 produced
an improvement in meximm total-pressure recovery of from 0.46 to 0.53.
These increases in total-pressure recovery verify the inlet design prin-
ciples of mixing of nonuniform veloclty profiles before diffusion and
slow rate of diffusion in order to lmprove inlet efficiencies. Critical
mass-flow ratio decreased slightly with increases in free-stream Mach
number and was unaffected by the configuration geometry changes pre-
viously described.

Por complete inlet-boundary-layer immereion at”a free-stream Mach
number of 1.99, the maximum pressure recovery of the Z-inch inlet was ¥
0.44 (fig. 10(b)) compared with 0.53 (fig. 10(a)) for the 4-inch inlet.
The lower total-pressure recovery of the Z2-inch-diameter inlet is a
result of capturing a smaller percentage of the high-energy air avail-
able in the upper portion of the boundery-layer profile than was cap-
tured with the larger inlet. The effect on pressure recovery of changes
in length of constant-areas section and diffuser angle of the 2-inch in-
let was similar to that of the 4-inch inlet bubt reduced in magnitude.

Since good agreement was observed between the experimental dsta and
the theoretical predictions for circular inlets, a theoretical analysis
was undertaken to determine the effect of inlet frontal crose section on
potential inlet performance. A sharp-lip inlet having a rectangulsr
cross section and another having an inverted triasngular cross section
are compared with a circular inlet in figure 11 over & range of free-
stream Msch number from 1.5 to 2.0.

All inlets were assumed to be immersed completely in a l/7—power
boundary-layer profile and had equél frontal areas and inlet helghts
equal to the boundary-leyer thickness. The rectangular-inlet pressure
recovery and mass-flow ratio were calculated to be slightly lower than
those of the cilrculer type; however, the performance of the triasngular
type showed considerable superiority over the performance of both the
circular and rectanguler inlets. At Mach number 2.0, the triangulsr
shape gained 17 percent in recovery and 11 percent in mass flow over
the cilrcular shape. It is obvious from the sketch of the superimposed
inlets that the inverted triangular inlet captures a greater percentage -
of the high-energy air existing in the upper portion of the boundary-
layer profile than elther the. rectanguler or circular inlets.
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Diffuser-exit flow conditions at Mach number 1.99 are presented in
figure 12 as contours of constant total-pressure ratio for various con=-
figurations and inlet-boundery-layer Immersions. Figure lZ(a) shows the
effect of variations in inlet geometry on the exit profiles for approx-
Imately critical inlet conditions at an Immersion ratilo of 0.96. The
conbours indicate that a reduction in diffuser divergence angle from
6.5° to 3.5° csused the diffuser-exit profile to change from a symmetri-
cal to an asymmetrical distribution (the total-pressure gradient, how-
ever, is very small). Changes in length of inlet constant-area section
had little influence on the exit contours. Figure 12(b) shows an in-
crease in the total-pressure gradient in the lower quedrant as the inlet
(configuration 4—3,0—6.5) was immersed farther into the boundary layer.

Static-pressure distributions along the inlet constant-area section
and subsonic diffuser are presented in figure 13 for configuration 4-3.0-
3.5. The pressures were measured at a free-gtream Mach number of 1.99
during subcritical, critical, and supercritical inlet operation at im-
mersion ratios of zero and 0.96. One-dimensgional estimates of the statie-
presgure distribution are indicated on the figure. The theoretical
terminal-shock location was arbitrerily placed at the start of the ex-
perimental pressure rise. As with most duct flows, the pressure rise
assoclated with the terminsal-shock structure was distribubted over several
passage diasmeters, following which the rate of subsonic diffusion fol-
lowed the predicted variation. Uniform lsteral stetic pressure was main-
tained for the entire diffusion process over the mags-flow and inlet
immersion range investigated.

Diffuser-Exit Pressure Fluctuations

The amplitude of the diffuser-exit static-pressure fluctuetion, as
determined from a dynamic-pressure pickup, 1s presented in figure 14 for
configurations 2-3.0-3.5 and 4-3.0-3.5 at Mach numbers 1.50, 1.79, and
1.99. Negligible pressure fluctuations were recorded during operation
of the inlets in the free stream; however, as the inlebts were immersed
in the boundary layer, the emplitude of the pressure fluctuations reached
ghout 2 percent of free-stream total pressure in the supercritical range
and increased rapldly in the subecritical range. Amplitudes as high as
11 percent of free-stream total pressure were recorded for the 4-inch-
diemeter inlet {fig. 14(b)), and amplitudes of about 5 percent were re-
corded for the 2-inch inlet (fig. 14(a)). These pressure fluctuations
appear to be independent of free-stream Mach number. The amplitude of
the diffuser~exit pressure fluctuatlions recorded during subcritical
operation and camplete inlet-boundsry-leyer Immersion are of the same
order of magnitude as those recorded during diffuser buzzing of the en-
gine inlets described in reference 6. Since negligible tunnel-boundary-
layer static-pressure fluctuations were measured, it can be concluded
thet the amplitudes recorded in the diffuser exit were probably not
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essoclated with any initial boundary-layer pressure instebility, but
rather resulted from shock - boundary-layer interaction or adverse ef-
fects of nonuniform velocity profiles entering the diffuser, or both.

SUMMARY OF RESULTS

An experimental investigation was conducted to determine the inter-
nal performance characteristics of a series of circuler, open-nose inlets
immersed in the boundasry layer genersted by the 8- by 6-foot supersonic

wind tunnel wall. A summary of the more importent findings is as follows:

1. Critical total-pressure recovery and mass flow of a circular,
open-nose, sharp-lip, auxlliary inlet immersed in a two-dimensionsal,
supersonic, turbulent boundary leyer can be reasonably predicted by
theory.

2. At a free-stream Mach number of 1.99, the criticsl total-pressure
recovery of the inlet with a diameter approximately equal to the thick-
ness of the approaching boundary layer was reduced from 0.72 to 0.52 and
the critical masg-flow ratio dropped from unity to 0.81 when the inlet
was moved from the free stream to a position of complete boundery-layer
immersion.

3. For the inlet with a dlameter equal to the tunnel boundary-layer
thickness and completely Jmmersed in the boundary layer at a free-stream
Mach number of 1.99, the maximum total-pressure recovery wsas increased
from 0.46 to 0.53 by simultaneously lengthening the inlet constant-area
section from 0.5 to 3.0 inlet diameters and decreasing the diffuser di-
vergence angle from 6.5° to 3.5°.

4. For complete inlet-boundary-layer immexrsion at a free-stresm
Mach number of 1.99, the maximm pressure recovery of the inlet with a
diemeter approximately equal to one-half the boundary-layer thickness
was 0.44, compared with 0.53 for the inlet with a diameter approximately
equal to the boundary-layer thickness.

5. The series of inlets tested captured the entire amount of air
available to them Guring critical operation at all percentages of inlet-
boundary-layer immersion.

6. Amplitudes of the diffuser-exit static-pressure fluctuations
reached & maximum of 11 percent of free-stresm total pressure during
subcritical operation of the 4-inch-diameter inlet immersed completely
in the tunnel boundary layer. Pressure amplibudes of the 4-inch-dismeter
inlets were twice those of the 2-inch-dismeter inlets in the Mach number
range investigated. The diffuser-exit static pressure remained steady

e
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during free-stream operation of all inlets throughout the mass-flow
range.

Lewls Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, December 13, 1954
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TAELE I. - SUMMARY OF EXFERIMENTAL AND THEORETICAL CRITTCAL IRLET PRESSURE-FECOVERY AND MASS-FLOW RATIOS
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PRottom-wall installation.
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NACA RM ES4L03 R

"g"

, ﬁc,_:ié @ Support system
ration . '

MRemote-control toundary-
layer immersion system
g i

inlet configﬁrhtiéﬁ-
(2-0.75-3.5)

(b) Top well installation (remotely controlled boundary-layer immersion).

Figure 1. - Models installed in 8- by 6-foot supersonic wind tunnel.
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NACA RM E5S4L03 e
Dimensions
Configuration, d D 1 Lk B, deg
a-1/d-p
2-0.75-6.5 2.0 | 3.78| 1.5 | 15.70 6.5
2-1.5-6.5 2.0 | 3.78 | 3.0 | 15.70 6.5
2-3.,0-6.5 2.0 | 3.78] 6.0 | 15.70 6.5
2-0.75-3.5 2.0 | 3.78} 1.5 | 29.20 3.5
2-3.0-3.5 2.0 | 3.78| 6.0 | 29.20 3.5
4-0.5-6.5 4.0 |7.58| 2.0 | 31.41 8.5
4-3.0-6.5 4.0 | 7.56 |12.0 | 31.41 6.5
4-0.5-3.5 4.0 | 7.56 | 2.0 | 58.41 3.5
4-3.0-3.5 4.0 | 7.56 |12.0 | 58.41 3.5
[ | B
Configuration (2-0.75-6.5)
T | |
(2-1.5-6.5)
- | |
(2-3.0-6.5)
T | |
(2-0.75-3.5)
— [ 1
{2-3.0-3.5)
d (Inside)
L
—_— 1 r-—
—
fi Diffuser f D (Inside)

4131: constant-  (4-0.5-6.5)
ares sectlon

| [

(4-3.0-8.5)
L
(4-0.5-3.5)
| il
(4-3.0-3.5) CD-3848

Figure 3. - Test model configurations (all dimensions in inches).
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Figure 4. - Isometric view of typlcal model. Ratio of dlffuser-exit area to inlet area, A4/A1, 3.570.
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—
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//// Free-stream Boundary- Reynolds
A/’ Mach number, layer number per £t
1 My thickness, Re,
&, in. x10-6
o Sonic line for
=] .6 (o] 2.00 3.96 5.27
Ex Mach number, = 1.79 5.96 5.36
S Mo © 1.50 .96 5.24
0 b =1 .50 u [y /7
& . g ~~—1.79 —— 2= (£
=y ' ~—2.00 0
kL) 4 I —— — =
pat
Q
. a
._-]
Q
P 1.0
5
7
7
g
g .8 .
2 ,/” Free-stream  Boundary- Reynolds
/ ' Mach number, layer nunber per ft,
i Mo thickness, Re,6
Sonic line for 8, in. x107
Mach nuwmber, 1 (o} 1.99 4,65 4 .82
.6 \k M, — o 1.79 4£.46 4.68
~] 1.50 O 1.50 4 .65 4,44 [
L\»~\ 1/7
~=1.79 —— u _ry
b T—1.99 5 = (%)
. || I ———  Bottom wall -
o .2 4 6 .8 1.0 1.2

Distance ratio, y/&

(p) Top wall.

Figure 5. - Boundery-layer profiles shead of inlets (inlet not present).
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Averaga total-pressure ratlo, 5
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{a) 2-Inch-diameter inlet.
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' -:Zj::j[::"-— 0
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.68
1.9 1.7 L. 7.

Free-stream Mech nusber, HD

(1) 4-Toch-diameter inlet.

115

Average Mach number ratio

1/9.3
f——— Top wall (ufllo = (vf8) / )
— Bottom wall (n/llo = (1/5)1/ I‘J
1.0
/o
= 0.48
T 4§
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Plgure 6. ~ Boundary-layer {lov paravetors everaged mcross inlet ared and referes:il to fres-stream flow qonditions.
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Figure 7, - Inlet total-presaure recovery.
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Total-pressurs recovery, Po/Fq

.4 .5 .8
Kaps-{low ratio, "4/"0

(4) Configwration 2-0.73-3,5.

Figure 7. - Continued. Inlet total-pressure Tecovery.
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Pigure 7, - Continued, Inlet total-prassure recovery.
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Figure 7. - Continued.
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Total-pressurs recovery, ri/P

Figurc 7. - Concluded. Inlet total-presmme recovery.
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Critical

Critical total}pressure recovery,
Pp)
0

4

cr

(Py

mass-flow

H
~ U
ip
5L
LA

I NACA RM ES4LO3

Free-stream Mach number,
o 1.50
o 1.79
© 1.99
- Theoretical
So0lid symbols ‘- Theoretical
diffuser skin-friction
losses 1included in theory
(Cg = 0.003, ref. 4)
1.0
Free-stream Mach nuwber,
ﬁkr —] ;‘ MO
—O_ .
> —
8 — \‘Q 1. \\\\
2 —— ~-\
D‘l\%;\ \ -
— 1T I - \\\ @
Q\\ \\K\
6 T~ 1.7
: S
1.99_4
4 4
1.0® ——
"L\
T 1,50
—1.79
.8 v
0 .2 .4 .6 .8 1.0
Inlet-boundary-layer immersion ratio, I/8
(a) Referenced to free-stream flow.
Figure 8. - Effect of inlet-boundary-layer immersion. Con- =

figuration 4-3.0-3.5; top-wall installation.
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NACA RM E54L03 SR, 25
Free-stream Mach number,
M
o 1.50
a 1.79
< 1.99
Tailed symbols - Rectangular
scoop inlet with bleed-off
slote (ref. 1)
1.0
B
v a e o —
§ S
8 - a . —o
g 8 ET /A—
=]
5 )
B2 j
s
g8 . o
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]
3 ¥
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o
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e
3
o
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o
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B2
i 7
o H
7 &
o .2 4 .6 .8 1.0 1.2
Inlet-boundary-layer immersion ratio, I/S
(b) Referenced to boundary-layer flow.
Figure 8. - Concluded. Effect of lnlet-boundery-leyer lmmersion. Con-

figuration 4-3.0-3.5; top-wall installation.
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Critical weight-flow parameter, (Wc,4)cr

<P NACA RM ES4L03

18 _ ——
/|
16 ///,
Free-stream
Mach number,
M ///’/,
14 1.50 AA_——""”’ A A
,,,,,/’//, v
//
1.7 ///
12 —T 193 —
10 -
(a) Configurstion 2-3.0-3.5.
16 =
14 / / B
/
1.50 | — //
- o
/
1.79 —1
1.99
10 _
0 2 4 6 8 1.0

Figure 9. - Effect of inlet-boundary-layer lmmersion on criticael

Inlet-boundary-layer immersion ratio, I/

{b) Configuration 4-3.0-3.5.

welght-flow parameter. Top-wall installation.



NACA BEM ES541L03

at

Configuration
o 4-0.5-6.5
g 4-3.0-6.5
Q  4-0.5-3.5
1.0 Tmmersion, P 4.3.0-3.5
ratio, — Normal-shock total-
o0 1/8 pressure retio
-
) B .8
3 5
]
# » &~
» [} \\
3 g —] ====tE§;;;;~._h__ Py
- 3 -6 \§ -?—
I \ % mex
3 — g
a1
& o
A 2
1.0 o |.T ;!i
™~ g - ﬁ
B rd O —
%3 F
E a5 F 98 ?—
s Z .8 -
1.4 1.5 1.6 1.7 1.8 1.9 2.0

Free-stream Mach npumber, Mb

() 4-Inch-diameter inlet.

Figure 10. - Effect of length of inlet constant-area section and diffuser

angls.

Top-wall installation.
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Total-pressure recovery, P4/Po

o NACA RM E54L03
Configuration
O 2-0.75-6.5
(m] 2-3.0-6.5
Immersion <o 2-0.75-3.5
1.0 +—— ratio, _ b 2-3.0-3.5
I/5 ——— Normal-shock total-
o Pressure reatio
=S==
- (P4
.8 —— PO CI‘.
.98
.6 —
\ \
\\ | ﬁ— i
07 max
1.4 1.5 1.6 1.7 1.8 1.9 2.0

Free-gtream Mach ﬁuuit:er, MO
(p) 2-Inch-diameter inlet.

Tigure 10. - Concluded. ZEffect of length of inlet constant-area sectlon
and diffuser angle. Top-wall installsation.
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NACA RM E54L03

Theoretical mass-flow

Theoretical total-pressure

ratio, m/m

recovery, P/Po
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Figure 11. - Theoretical inlet performance of several frontal

shapes having equel asreas and heights. Inlet-boundary-layer
immersion ratio, 1.0; u/Ug = (y/B)l T,
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Configuration 4-0.5-6.5
Py
P

= 0,448} % » 0.790

Configuration 4-0.5-3.5

P
P—‘- - 0.481; = = 0.014
(<] ]

Configuration 2-0.75-6.5

P
4 - 0.383; 410,714
Pg g

NACA RM E54L03

Configuration 4-3.0-€.5
Py ny
Fo = 0-467; oo v 0.514

Py/Fq

Configuraticn 4-5.0-3.5
P,
A e 0.406; M 0.0
Py T

Configuration 2-3.0-3.5

P,
£ o0.505; 20140
) oy

(a) Effect of variations in iniet geometry at critical inlet conditiopa. Inlet-boundary-layer

immersion ratio, ¢.98.

Figure 12. - Total-pressure-ratio contours at diffuser exit.
Mach number, 1.99; viewed downstream. .

Top-wall inetallation; free-stream
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NACA RM E541.03 -

= 0.467;

I
0.68 F=0.96

oH

(b) Bffect of inlet-boundary-layer immersion at critical inlet conditions.

Figure 12. - Concluded. Total-pressure-ratlo contours at diffuser exit.
free-stream Mach number, 1.99; viewed downstream.

31

m
2 . o0.814

Configurstion 4-3.0-6.5.

Top-wall ipstellation;
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Ratlo of static pressure to total free-stream pressure, p/Po

NACA RM E54103

e,
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(¢) Supercritical.

Figure 13. - Diffuser statlic-pressure distribution.
configuration 4-3.0-3.5; top-wall installation.
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5 0.96; M, = 0.17

Free-stream Mach number, 1.99;
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NACA RM E541.03 - 33
Inlet-boundary-layer
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{a) Configuration 2-3.0-3.5.

Filgure 14.

NACA-Langley - 3-3-56 - 350

~ Diffuser-exlt statlc-pressure {fluciuations.

(b) configuration 4-3.0-3.5.

Top~wall installation.






