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THE DEVELOPMENT AND APPLICATION OF HIGH-CRITICAL-SPEED NOSE INLETS

By DonaLp D. Baars, NorMaN F. SmrrH, and JoaN B. WRIGHT

SUMMARY

An analysis of the nose-inlet shapes developed in previous
investigations to represent the optimum from the standpoint of
eritical speed has shown that marked similarity exists between
the nondimensional profiles of inlets which have widely differ-
ent proportions and critical speeds. With the nondimensional
similarity of such profiles established, the large differences
in the critical speeds of these nose inlets must be a function of
their proportions.

An investigation was undertaken in the Langley 8-foot
high-speed tunnel to establish the effects of nose-inlet propor-
tions on critical Mach number and to develop a rational method
Jor the design of high-critical-speed nose inlets to meet desired
requirements. The nondimensional ordinates of the B nose
inlet, which were developed in a previous investigation to be
optimum from the standpoint of critical speed, were extended
and modified slightly to tmprove the fairing. These ordinates,
now designated the NACA 1-series, were then applied to a
group of nose inlets involring a systematic variation of pro-
portions. Wind-tunnel tests of these nose inlets were made
through wide ranges of inlet-velocity ratio and angle of attack
at Mach numbers of 0.3 and 0.4. Tests of representative
nose inlets were carried to high speed (a maximum Mach
number of 0.7). Pressure distributions and critical Mach
‘number characteristics are presented for each of the nose inlets
tested. The results of these tests show that the length ratio
(ratio of length to maximum diameter) of the nose inlet is the
primary factor governing the maximum critical speed. The
effect of inlet-diameter ratio (ratio of inlet diameter to mazi-
mum diameter) on critical speed 13, in general, secondary;
but this ratio has an important function in governing the extent
of the inlet-velocity-ratio range for maximum critical speed.
The highest critical Mach number attained for any of the nose
inlets tested was 0.89. '

The data have been arranged in the form of design charts
Jrom which NACA 1-series mose-inlet proportions can be
selected for given values of critical Mach number and airflow
quantity. Eramples of nose-inlet selections are presented for
a typical jer-propulsion installation (critical Mach number of
0.83) and for two conventional radial-engine installations
(critical Mach number of 0.76).

The selection charts and NACA I-series ordinates are
shown to be applicable to the design of cowlings with spinners
and to the design of high-critical-speed fuselage scoops. The
possibility of application of the NACA [~-series ordinates to
the experimenial development of wing inlets 1s also indicated.

INTRODUCTION

Marked increases in airplane speeds have created a demand
for design data on high-critical-speed air inlets suitable for
use with jet-propulsion units, gas-turbine propeller units,
and conventional engine installations. Previous develop-
ment programs on air inlets have produced the NACA C
cowling having a critical Mach number of 0.63 (reference 1)
and the B nose inlet having a critical Mach number of 0.84
(reference 2). These inlets have widely different propor-
tions; the first is short with a large-diameter air inlet; the
second is of considerably greater length with a small-diameter
air inlet. Each nose inlet was developed to represent the
optimum design from the standpoint of critical speed for
the particular proportions involved.

Little information has been available on air inlets having
proportions in the range between these two specific shapes.
The research program reported hLerein was undertaken at
the Langley 8-foot high-speed tunnel to establish the effects
of variations of nose-inlet proportions on the critical Mach
number and to develop a rational method for the design of
nose inlets intermediate to the NACA C cowling and B nose
inlets, both in proportions and in design critical Mach
numbers. Such data have direct application to the design
of high-eritical-speed nose inlets and to the development of
scoop-tvpe air inlcts.

SYMBOLS
a speed of sound, feet per second
1% velocity, feet per second
M Mach number (V/a)
V./V, inlet-velocity ratio

a model angle of attack, measured from model center
line, degrees
density, slugs per cubic foot

P
¥ ratio of specific heats (for air, 1.40)
P static pressure, pounds per square foot
P pressure coefficient (p ;p °)
0
P. critical pressure coefficient, corresponding to local
Mach number of 1.0

m mass flow, slugs per second (pAV)
A area, square feet o

: P )
,H,m—vo mass-flow coefficient . ;- “ :
q dynamic pressure, pounds per square foot (-2- pV2)
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V: 4 total-pressure loss between free stream and measure- | Subscripts:
ment station, pounds per square foot min  minimum
] total conical-diffuser angle, degrees cr critical
D maximum diameter of nose inlet 0 free stream
d inlet diameter 1 nose-inlet entrance
a/D inlet-diameter ratio
z distance from entrance, measured along nose-inlet R LA BEIR LI
ceuter h’ne DERIVATION OF BASIC NOSE ORDINATES
X nose-inlet length, measured from inlet to maximum- The A, B, and C nose inlets presented in reference 2 were
diameter station derived experimentally in a systematic series of wind-tunnel
X/D  leugth ratio tests to approach the optimum from the standpoint of critical
F maximum frontal area of nose inlet, correspouding t¢ | speed. A comparison from reference 2 of the nondimensional
D, square feet profiles for these nose inlets having different proportions
y ordinate measured perpeudicular to refereuce line (fig. 1) indicates a similarity of profile for all three inlets.
Y maximum ordinate, measured perpendicular to ref- | Marked similarity of profile is noted for the B and C nose
erence line at maximum-diameter station (See | inlets; the A nose inlet, however, varies somewhat from the
table I.) basic profile of the B and C nose inlets. This variation is
r uose-inlet lip radius believed to be due to the limitations encountered in the tests
K arbitrary factor (See section entitled ‘“Effects of | of reference 2, which involved the fairing of this nose inlet
variations in basic profile” aud fig. 7.) of large diameter into the basic streamline body at a given
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Fiauax 1.~Comparison of nondimensional profiles and proportions of the three high-critical-speed nose lulets developed In testa of reference 2.
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point and with a given slope. These limitations were not
serious for the B and C nose inlets, which have small inlet
diameters, and correspondingly greater lengths were avail-
able for fairing than for the A nose inlet, A flat pressure
distribution similar to the distributions obtained for the
B and C nose inlets was not obtained for the A nose inlet,
for which a pressure peak ocgurred at all inlet-velocity ratios.

Although the difference between the nondimensional B and
C nose-inlet ordinates is small, the ordinates of the B nose
inlet have been selected for general use because the original
proportions were considered to correspond more nearly to
current design applications than those of the C nose inlet.
The nondimensional B nose-inlet ordinates have been applied
to the layout of various nose inlets that differ appreciably
from the original nose-inlet proportions in length, inlet
diameter, and maximum diameter. In reference 3, in which
the variation from the original B nose-inlet proportions was
considerable, the pressure distribution over the resulting
nose inlets exhibited the characteristic flat contour with low
values of the pressure peak. It was thus indicated that the
basic B nose-inlet profile and the method of nose design could
be applied to the design of nose inlets having proportions
greatly different from those of the original nose-inlet shape
tested.

Difficulty was experienced, however, in the application
of the original B nose-inlet ordinates.” The slope of the
nose-inlet profile at the station at which the nose faired
onto the streamline body was a finite value that varied
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with the nose-inlet proportions assumed. It was evident
that the nondimensional profile should be extended to a
point at which the slope was zero (maximum-diameter
station). In order to attain this extension, the B nose-inlet
ordinates were considered to include the NACA 111 stream-
line body (to which the original nose inlet was faired)
as far back as the maximum-diameter station. The resulting
ordinates were developed in a nondimensional form and
are plotted in figure 2.

Tlhe fairness of the extended B nose-inlet ordinates could
not be determined from the measured pressure distribution
presented inreference 1 because the wing-support interference
affected the pressure distribution over the rear part of the
nose inlet. Plots of the slope and the rate of cliange of slope
of the extended B nose-inlet ordinates indicated a slight
amount of unfairness in the region where the original B
nose inlet joined the streamline body. On the assumption
that the curves of slope and rate of change of slope should
be fair (these two curves together specify the local radius
of curvature), the two curves were faired and the resulting
ordinates determined. The faired ordinates, hereinafter
designated the NACA 1-series ordinates, are given in table I
and are plotted in figure 2 in comparison with the extended
B nose-inlet ordinates. The two curves are practically
identical over the critical forward section and have only
minor differences over the rear section. The resultant
NACA 1l-series ordinates are, therefore, essentially the
original NACA B nose-inlet ordinates with the addition of

a faired extension back to the maximum-diameter station.
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Fraure 2.—Comparison of the extended B nose-inlet profile of reference 2 with NACA 1-series nose-inlet profile.
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TABLE I
NACA 1—SERIES ORDINATES

[Ordinates in percent]

/.

1

~.. .
“.Reference line

“~Nose radius, r

p—a 2(1-p)

For r=0.025Y:Y=

2.05 2.05
#X | v | ax | owy §owx | owy | ax | oy
0 0 13.0 | 4194 || 340 | 69.08 | 60.0 | 8011
.2 1 480 |l 140 | «es || 350 | M08 620 | 90.20
4! se3 It 150 | 4530 || 360 | 7105 || 640 | oL
6! 812 || 160 | 46.8 | 370 | 7200 | 660 | 9220
8| 933 |l 1mo ! .4 || 380 | 7204 6.0 | %11
1.0 | 1038 || 180 | 4088 || 300 | 7385 700 | 9393
L5 | 1272l o | sl wo | T 720 | BT
20 | 147 200 § 5250 1| 410 | 563 740 | 9548
25 | 1857 || 210 | 305 || 420 | w8 || 780 | o818
3.0 | 1831 || 220 | 5537 || 430 | 7737 ;i 7RO , 9679
35 0 10.94 | 230 . 668 || 4.0 | T8I5 80.0 | 97.38
40 l 21,48 || 240 ‘ 57.02 || 450 | 78008 ‘ £2.0 | 07.87
.5 | 2208 25.0 | 5915 & 46.0 | .74 | 840 98.33
50 | 2438 | 26.0 ; 60.35 || 47.0 ! €0.50 || 860 | 98.74
60 | zrot || 20 | 6152 || 480 | 8125 || 880 ! o009
7.0 | 29.47 || 20 |, 6267 || 400 | 2109 || 000 | 9040
80 I ais |l mo | e | 00 | sae || %20 | s
9.0 | 3403 || 300 ! essy I 520 | se10 || 90 | ovss
1000 | 3613 || 30 | eso7 || 540 | 8543 %0 | 998
1.0 | 38015 [ 3220 | 67.08 || 360 | 8673 || o |
120 | 4000 | S0 | 6807 || B0 | 5795 i 1000 | 0.0
Nose radlus: 0.025Y

The NACA Ccowlingordinates are presented in reference 1.
These cowling ordinates, derived from a systematic scries
of wind-tunnel tests, were developed to attain the maxi-
mum critical speed for conventional cowling proportions.
The cowling pressure distribution approaches the flat shape
that is optimum from the standpoint of critical speed.
A comparison of the NACA C cowling profile with the
NACA I1-series ordinates on a nondimensional basis (fig. 3)
shows reasonable agreement. Figure 3 also shows the
nondimensional profile of an NACA wing-inlct shape that
is discussed in the section entitled ‘“Wing inlets.”
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In figure 3 the NACA C cowling (%:o.vo;%:o.m)

and the original B nose inlet <%=0.38; %7:1.85) are

sketched to scale. The great difference in the proportions
of these two nose inlets, which approach the optimum from
the standpoint of critical speed, is evident. The critical
Mach numbers of the NACA C cowling and B nose inlet are,
from references 1 and 2, 0.63 and 0.84, respectively. With
the nondimensional similarity of the profiles of these two
nose inlets established (fig. 3), the large variation in critical
speed must be a function of the nose-inlet proportions. It
is indicated, therefore, that nose inlets having proportions
intermediate to these two nose inlets and having critical-
speed characteristics approaching the optimum can be de-
rived from essentially the same nondimensional profile.
With the NACA 1-series ordinates as a basic profile, a sys-
tematic series of wind-tunnel tests was undertaken to de-
termine the effects of nose-inlet proportions on critical speed.

NOSE-INLET DESIGNATION

A designation system for nose inlets has been devised that
incorporates the following basic proportions (see sketch in
table I):

d inlet diameter

D maximum outside diameter of nose inlet

X length of nose inlet, measured from inlet to maximum-
diameter station

The number designation is written in the form 1-40-150.
The first number in the designation represents the series; the
number 1 has been assigned to the present series. The
second group of numbers specifies the inlet diameter in per-
cent of maximum diameter d/D; the third group of numbers
specifies the nose-inlet length in percent of maximum diameter
X/D. The NACA 1-40-150 nose inlet, therefore, has a

1-series basic profile with —g=0.40 and ‘—g=1.50.

APPARATUS AND TESTS

MODELS

The nose inlets of the NACA 1-series investigated are
illustrated in table II. These nose inlets represent a syste-
matic variation of inlet-diameter ratio d/D from 0.40 to
0.70 and of length ratio X/D from 0.30 to 2.00 All nose-
inlet models were of 12-inch maximum diameter and were

constructed of wood. With the exception of the nose inlets

of fg=2.00, for which the length was 24 inches, the length

of the detachable nose inlets was maintained at 18 inches.
This length corresponds to a value of X/D of 1.5. To nose

inlets having %<1.5, cylindrieal sections (skirts) were added

to maintain the over-all length at 18 inches. Several of the
nose inlets were provided with detachable skirts in order to
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Fictat 3.—Comparison of nondimensional profiles and proportions of three high-critical-speed alr inlets from references 1, 2, and 11.
TABLE II lip radius and internal fairing werc tested. (See fig. 6.)
NACA 1—SERIES NOSE INLETS TESTED No attempt was made to simulate an aircraft internal-flow
XD 1 | system insofar as internal resistance and duct lines are con-
a0 00 150 00 | .75 | .50 |20 cerned. The model ducts for the nose inlets were conical
2 back to the parting line of the movable nose section, where
= = — all ducts had a common diameter of 7.2 inches,
0.40 /- 40-/50 e : P
T In addition to the nose inlcts listed in table II, the NACA
_ ~= | =] T‘gg T C cowling was tested, Three nose inlets having%=0.60 and
so || r-50-e00 | 1-50-/50 | |1-50-160 1-50-050 X . . L.
. — ] L | = 1.50 and having profiles representing deviations from the
NN | e | ] a1 | | NACA l-series profile were also tested to show the effects of
6ol -60-200 FSO—/EO 1-60~100 1-80-075 | rg0-030 such deviations. All three nose inlets, whieh are drawn to
—_ | S |~ &Z{ scale in figure 7, differ from the NACA 1-series profile in
: =] fgﬁ that the thickness of the forward part is greater than for
.70 1-70-150 | | /- 70-100 rmo-os0|-r-g0| | the NACA 1-series profile.
— | — Each nose inlet was provided with a row of surface static-
= pressure orifiees, which extended along the top center line

investigate the effeets of varying fineness ratio of the test
body. Scale drawings of each of the nose inlets tested are
presented in figure 4, grouped according to inlet-diameter
ratio. Photographs of ccrtain of the nose inlets (with skirts),
which illustrate variations in length ratio and inle. iiameter
ratio, are presented in figure 5. The duct lip radius for all
nose inlets tested was maintained at 0.025Y (table I), which
is approximately the same value as in the development tests
of references 1 and 2. Several minor modifications to the

from the inlet lip to a point 3% inclics to the rear of the dec-
tachablc nose. The pressure tubing passed from tlie model
through the tunnel test section along the support strut and
was connected to & photographically recorded multiple-tube
manometer in the test chamber.

" The nose inlets were mounted on a cylindrical afterbody
that was supported at the tunnel center line by a single
vertical strcamline strut. This strut was attached to the

body at a station 2 strut chords behind the removable nose
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Fiouex 4.—Scale drawings of the NACA 1-serfes nose fnlets tested.

inlet in order to minimize interference effects. A drawing of
the model installation is shown in figure 8. The internal-flow
system is also shown in figure 8. The duct section imme-
diately behind the parting line of the nose inlet and body was
contracted to the rake station, where a rake of total-pressure
and static-pressure tubes was located for the determination
of internal losses and air-flow quantity. The duct exit was
located at the tail of the body and was provided with a plug-
type control for varying the exit area. An electric-motor
drive for the exit control was included in order that the air-
flow quantity could be varied through a range during each
test. A flapped exit was used for several tests to obtain high
values of inlet-velocity ratio. The angle of attack of the
model was varied through fixed increments by means of an
internal indexing device.

EQUIPMENT AND TESTS

The Langley 8-foot high-speed tunnel, in which this inves-
tigation was conducted, is a closed-throat, circular-section,
single-return tunnel. The turbulence of the air stream is
low but is somewhat higher than the turbulence of free air.

The complete range of NACA 1-series nose inlets shown in
table II was tested at M,=0.30 and 0.40 through an angle-
of-attack range from approximately 0° to 8° by 2° incre-
ments. Several of the nose inlets were tested through the
Mach number range up to approximately M;=0.7. The
inlet-velocity ratio was varied from about 0.2 to values
higher than 1.0 for the nose inlets having small values of
d/D. For the nose inlets having large values of d/D, the
maximum value of inlet-velocity ratio was limited by the
capacity of the internal-flow system.

s
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RESULTS AND DISCUSSION

BASIC NOSE-INLET CHARACTERISTICS

Basic data.—The basic nose-inlet characteristics are pre-
sented as plots of pressure distribution and critical Mach
number for each of the nose inlets. These data are grouped
according to inlet-diameter ratio. Figures 9 and 10 present
the pressure distributions over the nose inlets having

g——=0.40, the NACA 1-40-200 and 1-40-150 nose inlets,

through ranges of inlet-velocity ratio and model angle of
attack. These two parameters govern thc pressure distribu-
tion for a given nose inlet. At zero angle of attack the
pressure distributions for the moderate-to-high values of
inlet-velocity ratio are essentially flat with very low values of
peak negative pressure coefficient. As the inlet-velocity
ratio is progressively decreased, a pressure peak appears near
the lip of the nose inlet because of the high local angle of
attack of the lip. The magnitude of the pressure peak
increases rapidly as the inlet-velocity ratio is further de-
creased. Progressively higher values of the inlet-velocity
ratio are required to eliminate the pressure peak as the model
angle of attack is increased. At higher values of inlet-
velocity ratio, a favorable pressure distribution can be
obtained through greater ranges of angle of attack.

The critical-speed characteristics for the NACA 1-40-200
and 1-40-150 nose inlets are presented in figure 11, The
critical Mach numbers were determined from the measured
pressure distributions by means of the Von Kérmén relation
(reference 4). For a given angle of attack, little change
occurs in the value of the critical Mach number for values
of inlet-velocity ratio in the medium-to-high range. The
sharp downward break in the critical Mach number curve
occurs at & value of inlet-velocity ratio below which the
critical Mach number is determined by a pressure peak near
the lip. Further decrease in inlet-velocity ratio produces a
rapid decrease in critical Mach numbecr.

An important effect of an increase in angle of attack (fig. 11)
is to shift the knee of the critical Mach number curve to
progressively higher values of inlet-velocity ratio. A com-
parison of the critical-speed characteristics for two angles
of attack shows only small differences between the values of
the critical speed above the knees of the two curves; below
the knees of the curves, however, marked differences are
noted.

Figures 12 to 27 present pressurc distributions and critical
Mach number characteristics for the nose inlets having inlct-
diameter ratios of 0.50, 0.60, and 0.70. In general, the
effects of changes in inlet-velocity ratio and angle of attack
are similar to those described for the NACA 1-40-200 and
1-40-150 nose inlets.

The effects of inlet proportions.—The critical Mach num-
ber curves for the series of nose inlets tested have been
grouped for constant angles of attack, according to inlet-
diameter ratio and length ratio, to illustrate the effects of
these parameters on the critical Mach number character-

O NI S P O

‘small at large values of length ratio.
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istics. Figure 28 shows the effects of lengtli ratio on critical
Mach number. For a given inlet-diameter ratio, an increase
in maximum critical Mach number is shown to occur with
increases in length ratio. An increase in length ratio,
however, causes the knee of the critical Mach number curve
to occur at progressively higher values of inlet-velocity ratio
and thereby reduces the infet-velocity-ratio range for maxi-
mum critical speed. A wider range for maximum critical
speed is therefore obtained for the lower values of length
ratio but with an important sacrifice in the value of maximum
critical Mach number.

Figure 29 shows the effect of inlet-diameter ratio on critical
Mach number characteristics. A decrease in the value of
inlet-diameter ratio for a given length ratio shifts the knee
of the critical Mach number curve to lower values of the
inlet-velocity ratio and thereby increases the extent of the
inlet-velocity-ratio range for maximum critical speed. The
effect of inlet-diameter ratio on maximum critical speed is
For extremely low
values of length ratio, a significant decrease in maximum
critical Mach number occurs with decrease in the value of
inlet-diameter ratio. These data thus indicate that the
length ratio is the more important of these two parameters
in governing the maximum critical speed; the inlet-diameter
ratio is, in general, secondary. For a given length ratio,
however, the inlet-diameter ratio governs the position of the
knee of the critical Mach number curve.

In figure 28 envelope curves have been drawn tangent to
the knees of the critical Mach number curves. A summary
plot of the envelope curves alone is presented in figure 30
for «=0°, 2°, and 4° for each of the d/D groups. Inasmuch
as the knee of the critical Mach number curve corresponds
to the point or conditions at which the nose-inlet pressure
distribution is approximately flat, the envelope curve has
important significance in that any point on the curve repre-
sents thc optimum value of critical Mach number that can
be obtained for specified values of inlet-diameter ratio and
inlet-velocity ratio. Comparison of the envelopes for the
three angles of attack (fig. 30) shows that important de-
creases in critical Mach number occur in operation at angles
of attack other than 0°.

1t is apparent from figure 28 that only one value of length
ratio X/D will give the optimum critical speed at a particular
value of inlet-diameter ratio and inlet-velocity ratio. This
point on the envelope curve corresponds to the knee in the
critical Mach number curve; therefore, this point represents
the minimum value of inlet-velocity ratio at which the
particular nose inlet will possess an essentially flat pressure
distribution and a critical Mach number approaching its
maximum.

In flight the level high-speed condition will usually govern
the inlet design, for not only will the flight Mach number
be a maximum but also the inlet-velocity ratio will usually
be a minimum. The design of a nose inlet to satisfy given
critical Mach number requirements must therefore be based
on the minimum inlet-velocity ratio.

seil
L]



FIGURE 9.—Pressure distributions over the NACA 1-40-200 nosa inlet.

My=0.40.
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SELECTION CHARTS

Basis and composition.—The envelope curves for the
NACA 1-series nose inlets tested (figs. 28 and. 30) have
been arranged in the form of selection charts in figure 31,
from which nose-inlet proportions can be determined for a
specified critical Mach number and corresponding minimum
air-flow quantity. The inlet-velocity ratio, which cannot
be fixed for a given air quantity until the entrance diameter
is known, has been replaced by the mass-flow coeflicient

p—%,n—V, which is an independent design quantity. The mass-
ol Vo

flow coefficient is related to the inlet-velocity ratio by the
following equation:

1
m —_ i v Vl 7—1 2 7-1 V| 4 =1
aFv=(p) () 177 =3 b () +1
Figure 32 is a plot of inlet-velocity ratio against mass-flow
coefficient for various values of d/D and M,. The curves
for Mach numbers less than 0.50 have been omitted. The

curves for incompressible flow (3M,=0) can be added to this
figure as straight lines between the origin and the points at

905385—51——38

which the curves converge at %{—‘=1.0. The inlet-velocity
[

ratios for the envelope curves from figure 30 have been con-
verted to mass-flow coefficients at the corresponding value
of M,, by means of figure 32.

The solid lines jn the lower half of the selection chart (fig.
31) are the envelope curves from figure 30. The interjacent
dashed curves represent the envelopes for intermediate
values of d/D and were obtained from cross plots of the ex-
perimental data. The envelope curves have been extended
beyond the limits of the data by only a small amount. Some
additional extrapolation may be judiciously performed on the
selection chart, if necessary, through reference to figure 28.
The dashed curves intersecting the main curves on the selec-
tion chart are lines of constant inlet-velocity ratio for corre-
po?Vo’ d/D, and M,, on this chart. The
solid curves on the upper half of the selection chart are plots
of the value of X/D required for an NACA 1-series nose inlet
having the maximum ecritical Mach number for a particular
value of inlet-diameter ratio and mass-flow coefficient.

sponding values of
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