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SUMMARY

An experimental investigation of nine full-scale auxiliary air in-
lets immersed in a turbulent boundary layer was conducted at Mach num-
bers of 1.3, 1.5, and 2.0. Rectangular inlets with a turning angle of

10° and rectangular and circular inlets without turning were tested.
Also included were external-compression and simple-scoop inlets.

Inlet pressure recovery and mass-flow ratios for various amounts of
immersion in the boundary layer were compared with theoretical predic-
tions. Recoveries varied from about 95 percent of theoretical in the
free stream to 80 percent with the inlets fully immersed, while the cor-
responding mass flows were usually above 95 percent of theoretical. A
simple calculation based on a stream-filament method proved to be an
adequate approximation to more exact theoretical solutions.

Turning the flow 10° before diffusion resulted in pressure-recovery
losses of 0.03 and 0.07. External compression did not improve the pres-
sure recovery at critical operation over that of a normal-shock inlet.
Total-pressure distortions at the diffuser exit with critical inlet op-
eration were usually under 5 percent.

INTRODUCTION

Auxiliary air intakes find application in supplying secondary air
for ejector nozzles as well as air for accessory equipment. In either
application it is necessary that the air handling characteristics of
the inlets be matched to the requirements of the components they supply.
References 1 and 2, for example, illustrate the inlet-ejector matching
problem. It is shown in reference 1 that drag reductions may frequently
be realized by immersing the auxiliary inlet in the boundary layer.
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Previous research has ylelded some information on the performance
of auxiliary inlets in a turbulent boundary layer. The performance of
rectangular inlets with turning (refs. 2 and 3) and circular inlets with-
out turning (ref. 4) has been reported. In addition, the performance of
boundary-layer removal systems under main air inlets is often a source
of auxiliary-inlet data. A systematic investigation was deemed neces-
sary, however, to determine more fully the effect of flow turning, in-
let shape, and external compression on auxiliary-inlet performance in a
turbulent boundary layer. The results of such an investigation con-
ducted in the 8- by 6-foot supersonic wind tunnel of the NACA Lewis lab-
oratory are reported herein.

SYMBOLS

The following symbols are used in this report:

A area

a width of rectangular inlet (fig. 1)

b height of rectangular inlet

D diffuser-exit inside diameter

d diameter of circular inlet

I distance measured from edge of boundary layer to point on in-

let 1lip closest to generating surface

T distance measured from edge of boundary layer to centroid of
inlet (positive within boundary layer (fig. 1))

L length of conical portion of diffuser

! length of inlet constant-area section

M Mach number

m/mo ratio of mass flow in duct to mass flow passing through equal
area in free stream

B total pressure

§é£ distortion parameter, difference between highest and lowest

av total pressure divided by average total pressure
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aL total temperature

Uo velocity in free stream

u velocity in boundary layer

w weight flow, (1b/sec)/sq ft

We corrected weight flow, w M[é%%}/;%%g Ay, (1b/sec)/sq ft

W normal distance measured from boundary-layer generating
surface

B conical diffuser included angle

o) boundary-layer thickness

K flow turning angle

Subscripts:

0 free-stream conditions

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

APPARATUS AND PROCEDURE

This experiment essentially extends the work of reference 4 to in-
clude nine additional inlet configurations of varying shape and turning
angle. Test Mach numbers were 1.3, 1.5, and 2.0, and immersion ratios
I/S were 1.0, 0.46, and free stream. The free-stream Reynolds number
per foot varied from 5.25x106 to 4.30x10° over the Mach number range.
In all other respects, the apparatus and procedure were essentially the
same as in the investigation of reference 4.

Normal-shock rectangular, circular, and scoop inlets were tested.
Figure 1 depicts these inlets and gives dimensions and station numbers.
Figure 2 presents photographs of representative inlets for comparison.
All inlets were sharp lipped (normal-shock lip angle is 8°) and, with
the exception of configuration IX, each inlet incorporated a constant-
area section approximately 3 inlet diameters long in order to maintain
meximum pressure recovery (ref. 4). The normal-shock inlets, config-
urations I, II, V, and VI (figs. 1 and 2(b) and (e)), incorporated in-
ternal flow turning of 10° in the constant-area section between sta-
tions 1 and 2.
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Configurations VII and VIII (figs. 2(c) and (d)) were external-
compression inlets with wedge half-angles of 10°. These inlets were de- *
signed to operate adjacent to the boundary-layer generating surface
(I/8 = 1.0) and at a Mach number of 2.0. These inlets and configura-
tions III and IV did not include flow turning. Configuration VIII dif-
fered from VII in that the wedge of configuration VIII was cut off at
the point in the boundary layer where the oblique shock detached from
the wedge.

The scoop inlet (configuration IX) pictured in figures 1 and 2(a)
was designed to represent the simplest inlet that could be fabricated
by stamping. It was meant to operate adjacent to the generating sur-
face with a height approximately equal to that of the boundary layer.

The diffuser dimensions and angles for the inlets tested are tabu-
lated in figure 1. Figure 2(f) pictures a diffuser-inlet combination
with no turning installed for testing.

METHOD OF CALCULATION

A l/9 power boundary-layer profile was used for all theoretical "
calculations. This equation,
1~(zl/9
UO_ o)

is plotted in figure 3. Comparison of the theoretical profile with the
experimentally surveyed profile (fig. 3) justifies its use. This pro-
file is similar to that used in reference 4 and, therefore, permits com-
parison of data from reference 4 with the data in this report. The
theoretical pressure recoveries and mass-flow ratios at critical oper-
ation can be calculated for normal-shock inlets using the method des-
cribed in reference 5. This method involves a simplifying assumption
that total temperature is constant through the boundary layer. An esti-
mate of the resulting error showed the theoretical mass flows to be 1.5
percent too low for the worst case (small rectangular inlet adjacent to
the surface at My = 2.0).

For critical operation at design Mach number, the mass-flow ratios
for the external-compression inlets (configurations VII and VIII) are
the same as those for the normal-shock inlet of the same shape and area.
In calculations of the theoretical pressure recoveries for the external-

Y8TY

compression inlets, an area-weighted average of the local oblique-shock .

plus normal-shock recovery was used. The above theories were used in
computing the values given in table I.
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An approximate calculation of critical mass flow and pressure re-
covery was made for the normal-shock inlets using the stream-filament
method of reference 1. For this calculation, a 1/9 power profile was
substituted for the 1/7 power profile used in reference 1, and no dif-
fuser total-pressure loss was assumed.

DISCUSSION OF RESULTS

Inlet maps with varying immersion ratios are presented in figure 4
for all configurations tested. Critical pressure recoveries and mass
flows from these data are listed in table I for each combination of Mach
number and immersion ratio.

In figure 5, the critical pressure recovery and mass-flow ratio of
each inlet are plotted as functions of the centroidal immersion ratio
I/S. Also plotted for comparison are values of pressure recovery and
mass flow calculated by the methods of references 1 and 5. As the in-
lets were immersed in the boundary layer, their recoveries and mass
flows decreased in the manner described by the theory. For most con-
figurations, the stream-filament method yielded values within 3 percent
of the more exact calculation (ref. 5).

The experimental values fell below those calculated by an amount
that increased with increased immersion and varied only slightly with
stream Mach number (fig. 6). Pressure recovery varied from 95 to 80
percent of theoretical, and mass flow varied from 100 to 95 percent of
theoretical as the inlets were immersed from the free stream to the
boundary-layer generating surface. Larger errors were observed with the
simple scoop (configuration IX). This inlet exhibited relatively low
recovery because of its abrupt turning and poor internal diffusion. It
exhibited relatively low mass flow at low Mach numbers (Mb = 1.3) as a
possible result of choking. The low mass-flow ratios exhibited (figs.
5(d) to (f)) by the external-compression inlets (configurations VII and
VIII) do not necessarily indicate large deviation from theory, since no
attempt was made to predict the obligue-shock spillage expected from
such inlets at off-design speeds and immersion ratios.

To illustrate the effect of turning the flow, the pressure-
recovery - mass-flow plots of figure 7 are presented. Superimposing
the plot for rectangular inlets with 10  turning on that for no turning
shows that the pressure recovery was decreased by only 0.03 at
I/S = 1.0. Practically no effect is shown with the inlet operating in the
free stream (figs. 7(a) and (b)). Comparison of configurations I and II
(circular inlets, figs. 7(c) and (d)) to like configurations in refer-
ence 4 (figs. 7(c) and (g) of ref. 4) shows a 0.07 total-pressure loss
for the small circular inlet (configuration I) at I/3 = 0.46 and
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Mg = 2.0 and 1.5. A loss of approximately 0.02 is noted for the large
circular inlet (configuration II) for like conditionms.

The external-compression inlets (configurations VII and VIII) in-
vestigated showed little improvement over the simple normal-shock inlet
when both were fully immersed in the boundary layer (1/8 =1). Figure
8 superimposes the two external-compression-inlet performance maps on
that of the normal-shock inlet at I/® = 1.0 and Mg = 2.0. Crificeal
pressure recoveries remained the same for all three inlets, while the
critical mass flow decreased 0.07 for configuration VII. The mass flow
for configuration VIII (short wedge) was 0.03 higher than that of the
full-length wedge (configuration VII). This was to be expected because
of the removal of the wedge at the shock detachment point in the bound-
ary layer (see fig. 1, configuration VIII).

Distortion values for all configurations are presented in figure
9. The approximate average distortion at critical operation was S per-
cent. A maximum distortion of 23 percent is shown for the scoop inlet
(configuration IX).

Although the data are not shown, pressure fluctuations at the dif-
fuser exit were approximately 3 percent of free-stream total pressure.
The maximum fluctuation was 7 percent for configuration VII (external
compression).

SUMMARY OF RESULTS

The internal performance of a series of circular and rectangular
auxiliary air inlets was obtained at varying immersion heights in a
turbulent boundary layer. The configurations were tested at Mach num-
bers of 1.3, 1.5, and 2.0. Results were as follows:

1. Experimental values of pressure recovery varied from 95 to 80
percent of theoretical, while mass flow varied from 100 to 95 percent
of theoretical as the inlets were immersed in the boundary layer.

2. A simple calculation utilizing the centroid of the inlet area
(stream-filament method) gave a good approximation of theoretical pres-
sure recovery and mass flow.

3. Turning of the flow through an angle of 10° within the rectan-
gular inlets decreased the inlet pressure recovery by a maximum of 0.03.
In the case of the circular inlets, a decrease of 0.07 was noted for
the small inlet.
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4. In the cases tested, the use of external compression gave neg-
ligible improvement in inlet performance with the inlet fully immersed
in the boundary layer.

5. Average distortion of the flow at critical operation for all in-
lets tested was approximately S percent.

Lewis Flight Propulsion Labocratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, October 24, 1956

REFERENCES

1. Hearth, Donald P., Englert, Gerald W., and Kowalski, Kenneth L.:
Matching of Auxiliary Inlets to Secondary-Air Requirements of Air-
craft Ejector Exhaust Nozzles. NACA RM E55D21, 1955.

2. Hearth, Donald P., and Cubbison, Robert W.: Investigation at Super-
sonic and Subsonic Mach Numbers of Auxiliary Inlets Supplying Sec-
ondary Air Flow to Ejector Exhaust Nozzles. NACA RM ESS5J12a, 1956.

3. Pennington, Donald B., and Simon, Paul C.: Internal Performance at
Mach Numbers to 2.0 of Two Auxiliary Inlets Immersed in Fuselage
Boundary Layer. NACA RM E53L28b, 1954.

4, Simon, Paul C.: Internal Performance of a Series of Circular
Auxiliary-Air Inlets Immersed in a Turbulent Boundary Layer Mach
Number Range: 1.5 to 2.0. NACA RM E54L03, 1955.

5. Simon, Paul C., and Kowalski, Kenneth L.: Charts of Boundary-Layer
Mass Flow and Momentum for Inlet Performance Analysis - Mach Num-
ber Range, 0.2 to 5.0. NACA TN 3583, 1955.




TABLE I. - INLET TOTAL-PRESSURE RECOVERIES AND MASS-FLOW RATIOS AT CRITICAL OPERATION

Configu-| Free- Immersion ratio, I/®
ration |stream
Mach Free stream 0.46 1.00
number,
My Centroi- Theory Experiment Centroi- Theory Experiment Centroi- Theory Experiment
dal immer- dal immer- dal immer-
sion_ratio, sion ratio, sion ratio,

1/ Total- | Mass-| Total- | Mass- 1/5 Total- | Mass-| Total- | Mass- 1/8 Total- | Mass-| Total- | Mass-
pressure| flow | pressure| flow pressure| flow | pressure| flow pressure| flow | pressure| flow
recovery, [ratio, [recovery, |ratio recovery, |ratio, [recovery, |ratio, recovery, |ratio, |recovery, [ratio,
P3/Py | m/my | P3/Po | m/mg P3/Po | m/my | Ps3/Po | m/mo P3/Pg | m/mg | P3/Py | m/mg
I 2.0 |  =---- 0.72 1.00 ———— ——— 0.24 0.66 0.94 0.61 0.94 0.79 0.44 0.68 0.37 0.69
1.5 | ----- .93 1.00 ——— ——— .24 .87 .96 ST .97 .79 .65 o 13 <55 .69
1.3 | —---- .98 1.00 ———— ——— .24 .94 .97 .79 .95 .79 .72 .76 62 .74
AGIE 2.0 -0.43 0.72 1.00 Ol 1.00 0.03 0.68 0.95 0.65 0.97 0.57 0.52 Q.77 0.46 0.75
1.5 -.43 .93 1.00 .88 1.00 .03 .88 .96 .85 .99 .57 .72 .82 .64 .80
1.3 -.43 .98 1.00 91 1.00 .03 +03 .96 .88 .96 .57 .18 .83 .68 .80
TIT 2.0 -0.14 0.72 1.00 0.69 1.00 032 0.65 0.93 0.62 0.94 0.86 0.40 0.62 0.33 0.62
1.5 | =---- .93 1.00 ——— -—— .32 .86 .96 .79 .95 .86 .66 .69 -0l .66
1.3 | —---- .98 1.00 ——— ——— ——— .93 96 -——— ———— ———— .68 Gl ———— ———
v 2.0 -0.28 072 1.00 0.71 1.00 0.18 0.68 0.96 0.64 0.94 0.73 0.47 0.71 0.39 0.69
1.5 -.28 .93 1.00 .89 1.00 .18 .89 w97 .83 .96 ok .68 B .58 .73
1.3 -.28 .98 1.00 .93 1.00 .18 .95 .98 .86 .93 =15 .75 - 79 .65 73
v 2.0 -0.14 0.72 1.00 0,71 1.00 0.32 0.66 0.94 0.61 0.90 0.86 0.41 0.63 0.31 0.62
dLe3 -.14 .93 1.00 .90 1.00 D2 .88 97 15 .94 .86 .62 .70 .49 .66
1.3 -.14 .98 1.00 .91 1.00 E— .94 .98 e = e .69 .73 e v
VI 2.0 -0.28 0.72 1.00 0.71 1.00 0.18 0.68 0.96 0.64 0.92 (@14 0.47 0.71 0.39 0.67
155 -.28 .93 1.00 .91 1.00 <18 .89 -7 .82 .95 73 .68 17 +55 2
1.3 -.28 .98 1.00 .92 1.00 1B .95 .98 .86 93 73 .75 S .63 13
VII 2.0 -0.28 ——— ——— 0.73 0.96 0.18 ——— ——— 0.70 0.90 0.75 0.52 0.70 0.38 0.62
1.5 -.28 -—— ———— .94 .90 .18 ———— ———— .81 .85 BA) -—— ——— .58 .61
1.3 -.28 ——— ———— .95 .84 .18 ———— ——— .86 .78 o -— - ———- .64 .61
VIII 2.0 | me-m-- ——— ——— ———— ——— 0.18 ——— ——— 0.68 0.90 0.73 0.52 0.70 0.40 0.65
1,6 | <asns e . - e .18 — ———— .85 .88 .73 ——— ———— .58 .62
LD s ———— cm—— ———— ——— .18 ——— ——— .86 .81 73 -—— -——- .64 .64
IX 2 Oy - i ——— ——— ——— ———— ———— ——— ——— 0.61 0.51 0.75 0.31 0.76
1S e aE i i - ———— ———— —— ———— ——— .61 .68 .79 .53 .75
G | [ e . mon . - o b v o S e .61 7 .81 .62 .68
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Configuration

Station )

LIT

v

Vi

VII

VIII

IX

, Config- {Inlet Inlet Inlet Diffuser- | Length of | Length of | Conical- Flow
D uration [width, | height, |diameter, exit constant- | diffuser diffuser | turning
a, » 5 inside area conical included angle,
1 A0y in. in. diameter, section, section, angle, a5
D, 1s L, e deg
nls o10) in. in. deg

I ——— ——— 2 3.78 5.46 15.70 6.5 10

Iz ——— ——— 4 7.56 10.91 31.41 6.5 10

III 2,85 1.27 —— 3.78 4.80 16.34 6.2 0

Iv 5.10 2.55 —-— 7.56 9.60 32472 6.2 0

v 2.55 1.27 -— 3.78 4.77 16.34 6.2 10

VI 5.10 2.55 -— 7.56 9.54 32,72 6.2 10

VIiI 5.10 2.55 —— 7.56 T 32.72 6.2 (o}

VIII 5.10 2.55 -—— 7.56 12,35 32.72 6.2 0

ﬂ IX 6.00 4.65 4 8.00 15,31 38.31 —— 45

Figure 1. - Configurations tested.

8TLI9GH WE VOVN



10

NACA RM E56J18

(a) Configuration IX; scoop. (b) Configuration VI; large, rectangular,curved.

Nt com

(¢) Configuration VII; external-compression, (d) Configuration VIII; external-compression,
rectangular. rectangular, short-wedge.

C-43243

(e) Configuration II; large, circular, curved. (f) Installatior detail; no turning.

Figure 2. - Model installation and representative inlets.

¥8T¥



4184

CI-2 back

NACA RM E56J18

Boundary-layer-velocity ratio, u/Ug

X

1/9

<3PS A

Theory; g = (6)

Experiment; free-stream
Mach number Mg, 2.0

Experiment; free-stream

Mach number MO, 1o

_:33—___;£t::==4>~

e 2 4

6 -8 1.0

Distance ratio, y/&

Figure 3. - Boundary-layer profiles ahead of inlet (inlet not

present).




Total-pressure recovery, l»“s/P0

Immersion
ratio,
1/6
O Free stream
Free-stream Mach number ) 0.46
N6 Mg, 2.0 Mg, 1.5 Mg, 1.3 O 1-00
Zolt L
8 %‘ /D 7& /] ; 6}{ »
' 4
L - / )al A
L : )‘
e Ll 0o
.6 O—a Q A =
i O 7 O
/ 8 lio 12
14-16
D
/ i/ 8 10 12 18
-4 N ID — 14'16 r18
8| 0 124?21/
14 3
16
.2 |
(a) Configuration I; small, circular, curved.
1.0
/| o
.8
9
A <>747/ il
S
s T T %
oz 8—T~10T12—14 /v/ 8—10_121 14
/ ﬂ_ 18 19 A 16
20 18
& 8 ] < 14/& Corrected weight flow,
104 12 16/ we,3, (1b/sec)/sq ft
e .4 G 8 TR0 2 .4 1.0 I s .4 6 .8 1.0

.6 .8
Mass-flow ratio, m/mg
(b) Configuration II; large, circular, curved.

Figure 4. - Inlet performance characteristics.

8TV

A

8Tr9SH WY VOVN



Total-pressure recovery, PS/PO

. - " L] .
I I I
Free—str;am gagh number Mg, 1.5 Mo, 1.3
O~ |
1.0
/ Immersion
ratio, e el
O 1/6
. 6 .8 D/ 70— Q  Free stream
: G Inl 0.46
/ 10 0 1.00
12 //
e VD2
/‘&/14 / 69 ;é //
16 " 6 e’
/éé/w ) e e 9
4 16
/ # 7<§ //%/20 s
< 5 L)
P o
~
»2
(¢) Configuration III; small, rectangular, straight.
1.0
3 8 0 12 e ;ff ~ »L7L<
VA q 7L Iy £ / / >74
/'] / / 16 R }/
.8 6 5 [ VR 14
10 / ?3’ any 16
q |
iz 12 18
4 20 a)
D%*L,{é A d 6 20
6
2 14 /
A 16 ».
i 18[ i Corrected weight flow,
4 o~ We,3, (1b/sec)/sq ft
1 /// ?
2 .4 6 .8 1% 0 1.8 .2 .4 .6 .8 1.0 1520 -2 .4 <6 8 1.0
Mass-flow ratio, m/mg
(d) Configuration V; small, rectangular, curved.
Figure 4. - Continued. Inlet performance characteristics.
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Total-pressure recovery, Pz/Pg

¥81¥

[ |
Mg, 1.3
Mg, 1.5
.0
Free-stream Mach number 1\74(
Mgy, 2.0 QLﬁ‘
0<4n ?7t 4
8!
" * i ]
0 10-&> & 811011214 8/
2 A 16 Immersion
R 12 14 _ ratio,
/ /&/ i 2 1/6
20
4 PN 8 O Free stream
' '// 0 0.46
§ 12 14 O 1.00
—6—g— 10 16
l 18
o2
(e) Configuration IV; large, rectangular, straight.
+ 0
~/
E7\ 4 / 7‘ Y
— ;
-6 811071214
i & o
(o}
el 18
16 20
i /13 18
. 74 / Corrected weight flow,
141 W 1b/sec)/sq ft
_6—8—10—-12 0552 ( / )/3q —
I l kT
|
<2 4 .6 .8 -2 .4 «6, .8 1.0l 2 4 .6 .8 1.0
Mass-flow ratio, m/mg
(f) Configuration VI; large, rectangular, curved.
Figure 4. - Continued. Inlet performance characteristics.
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Total-pressure recovery, PS/PO

4184

Free-stream Mach number Mg, 1.5 Mg, 1.3
Mg, 2.0 Immersion
.0 ratio,
q § a 1/6
4 / 9 = ; 8 Free stream
1 4 5 0.46
i ‘C}i( / 0 /O}/ S 1.00
.8 A
1506 L 1
g / J 63
) i e %L{ g | noil s ? /L
/ A .
10
' 12 A 14 4
l///‘LJ 14 ] i
8 16
.4 <>, &
6 //
Al i
1015114
, 1671871
18
.2l
(g) Configuration VII; external-compression, rectangular.
.0, l :
10 & 10
/ P‘\{Jéq 14 9 1&_\ 14
.8 va !
S|
16 16
i
|
) ] o %L
.6 0l A % , 20
AJ 20
Vil
Corrected weight flow
#Ax/ € AR e
.4 6 > S >
P
8 10| 12 //
147
167
8
e 4 .6 .8 1.0 2 4 .6 8 1.0 2 .4 .6 .8 1.0

o
Mass-flow ratio,

m/me

(h) Configuration VIII; external-compression, rectangular, short-wedge.

Figure 4. - Continued.

Inlet performance characteristics.
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Total-pressure recovery, Pz/Pq

O
0
<

Immersion
ratio,
1/

Free stream
0.46
1.00

Free-stream Mach number
Mg, 2.0

Mg, 1.5
lo1-12—

1.3

T LT

22

267&; /

ALK

| /
}2 }4 16 18 fo :Izz - 6%71%_76 //)/ 283.0

10 12| 14 34

ol

1

AL,

i

Corrected weight flow,
We, 3, (lb/sec§

/aq £t =

e
222426 28
|

4 .6

] .4 .6 .8 1.0 .2 .4
Mass-flow ratio, m/mg

(1) Configuration IX; scoop.

Figure 4. - Concluded. Inlet performance characteristics.
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Configuration
O 0 o)
o L0
O 1Tl B
A V(=]
4 v O
a IS [55]
0 viI [0
<) viiz [[R]
o N7
.8 — — — Centroidal theory
ofiref gil
— |- — Faired data
]
Solid symbols denote
m} m theory of ref. S
5 Q N~
\\\
a
] N\\\\ ‘l\‘.
& BY N
f N
\\
2
i
O
o
&
i 0
S (a) Critical total-pressure recovery; free-stream Mach number My, 2.0.
SAN1.0 - T T
3
2 A, Bt et o ki
0 -
g o A - ,
= |
@ | 2 = 6 &
g 5 _ a
2
5 \Eh e i
N !
I - i
2 i&*ﬂ N ! |
— H INO N | | il
o 1 \ T i 1
E ‘ \ |
b i i \ f
© |
|
1
1
.2 1
(b) Critical total-pressure recovery; free-stream Mach number Mg, 1.5.
1.0
i e e h N |
— n |
M1 ~
~
8 8 TP
< Onlis= Wy <
\ﬁ\c ~
.‘: \
\
4
.2
=5 -.4 - 8 1.0

(o] .2 .4
Centroidal immersion ratio, I/6

(c) Critical total-pressure recovery; free-stream Mach number M,, 1.3.

Figure 5. - Correlation of effect of inlet immersion on critical pressure recovery
and mass-flow ratio with theory of reference 5.
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Critical mass-flow ratio, (m/mg)ep
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Configuration

T

EE
IIT

v
)"
VI

VII
VIII

IX

<>0oDDANPOOO
JEB0o0ooo

— — — Centroidal theory
of ref. 1
Falred data

Solid symbols denote
theory of ref. S

6 3

(d) Critical mass-flow ratio; free-stream Mach number Mg, 2.0.
1.0 3}

i i e 8
g | <Dal_
.8 \!jr\

&
A
U
<
, 1.5

<§f/

(e) Critical mass-flow ratio; free-stream Mach number M,

T T T el

O =
\ —
\ \\
.8 - 8 \'5%
Ra NS 2
6 o)
T = =2 0 2 1 6 .8 1.0

Centroidal immersion ratio, I/5
(f) Critical mass-flow ratio; free-stream Mach number Mgy, 1.3.

Figure 5. - Concluded. Correlation of effect of inlet immersion on critical pres-
sure recovery and mass-flow ratio with theory of reference 5.
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Pressure recovery, Ps,exp/Pl,th

Mass-flow ratio, mexp/mth

Configuration
O A
O II O
o i o
A w {=1
A Yy 8
a4 ¥z, =1
0 vii (11
o) vIII [@§]
0 x VJ
1.0
74—
LT HEL 3 d
< ezl
A4
\
& s ¥
o
3 a

.6 $

(a) Pressure recovery; free-stream Mach number Mg, 2.0.

5 A |

.6
(b) Pressure recovery; free-stream Mach number My, RS
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(e) Mass-flow ratio; free-stream Mach number My, 1.5.
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Figure 6. - Ratlio of experimental to theoretical critical pressure recovery and

mass-flow against centroidal immersion ratio.
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Total-pressure recovery, Pz/Pg
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(a) Configurations III and V; small, rectangular.
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(p) Configurations IV and VI, large, rectangular.

Figure 7. - Effect of flow turning in diffuser.
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(c) Configurations I and 2.0-3.0-6.5 of reference 4; small, circular.
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(d) Configurations II and 4.0-3.0-6.5 of reference 4; large, circular.

Figure 7. - Concluded.

Effect of flow turning in diffuser.
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Pressure recovery,

Pz /Fy
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NACA RM E56J18

Configuration

—O— VI (Normal-shock)
— —— VII (External-compression)
— —0O- — VIII (External-compression,
short-wedge)
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Figure 8. - Comparison of normal-shock

with external-compression inlets.
Free-stream Mach number M;,, 2.0;
immersion ratio I/, 1.0.
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Total-pressure distortion, AP/P,,
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(a) Configuration III; small, rectangular, straight.
vd
4
& & /Og a9 0
|~ K
o+—0 o1 |0 o O—l—" @/ /ﬁ
(b) Configuration IV; large, rectangular, straight.
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(¢) Configuration VII; external-compression, rectangular.
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(d) Configuration VIII; external-compression, rectangular, short-wedge.
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(e) Configuration I; small, circular, curved.

Figure 9. - Distortion at diffuser exit,
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Total-pressure distortion, AP/P,,
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(£) Configuration V; small, rectangular, curved.
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(g) Configuration VI; large, rectangular, curved.
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(h) Configuration II; large, circular, curved.
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(1) Configuration IX; scoop.

- Concluded.

Distortion at diffuser exit.
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