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et : SUMMARY.

An analysis of the nose-inlet shapes developed in
previous investigations to repre se‘t the optimum from the
. standpoint of CPLULC&l speed has shown tbat marked simi-
'larlty exists between the non”im nsional profiles of
inlets which have widely dlfierenb 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. S

.. An wnvestlgatﬁon was undertaken in the Langley B-foot
"high-speed tunnel to_ establish ths effects of nose-inlet
proportions on critical Mach numder and to develaop-a
rational method for the desizn of high-critical-speed -

G rcnulvenents. The nondlmpn-

-.sional ordinates of the B noss inlet, which were
developed in a previcus investization to be optimum from
the standpoint of critical qorea, were extended and modi-
 fied slightly to improve the fa : These ordinates
now des:gnated the NACA 1- sevies, were then applied to a
group of nose inlets invelving a systematic variation of
proporticns. Wind-tunnel teste cof these n0oe'ih1@tg were
made through wide ranges of inlet-velocity ratio and
angle of attack at Vach numbers of 0.3 and O, L., Tests of
rcpresentatlve nose inlets wers carried to high speed _
(a maximum Mach number of -0.7). - prcssare istributions
and ‘critical Mach. numher : ‘characteristiecs sare presented .
for each of the nose. ip;etq tcstcd - The f8°L1tS of these
tests ‘show .that the,length-ratio. {Idth of length to
maximum’ alameter) of ‘the nose. qalvu~ s .the primary.factor
governlpg the maximum critical speeds,...The effect of

ét-diameter ratio (ratlo of inlet diameter to maximum
dlameter) on critical speed is, in genersal, secondeary;

!
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but this ratio has an important function in governing the
extent of the .inlet-velocity-ratic 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 from which NACA l-series nose-inlet proportione
can be selected for given values of critical Mach number
and air-flow quantity. Examples of nose-inlet selections
are presented for a typical jet-propulsion installation
(critical Fach number of 0.83) and for two conventional
radial-engine installations (critical Mach number of 0.76).

The selection charts and WACA l-series ordinates are
shown to be applicable to the design of cowlings with
spianers and to the design of high-critical~speed fuse-
lage scoops. The possibility of application of the
NACA l-series ordinates to the experimental development

.of wing inlets is also indicated. "

INTRODUCTION

Marked increases in airplane speeds have created a
demand for design data on high-critical-speed air inlets
suitable for usge with jet-propulsion units, gas-turbine
propeller units, and conventional engine iInstallatione.
Previous development »nrograms on air inlets have produced
the ¥ACA C cowling having a critical ¥ach number of 0.63
(reference 1) and the B nose inlet having a critical Mach
number of C.8L (refereénce 2). Thess inlets have widely
different proportions; the first is short with a large-
diameter air inlet; the second is of considerably.greater
length with a small-diameter alr inlet.. Lach nose inlet
-was developed to represent the optinmum design from the
standpoint of critical speced for the particular propor-
tions involved, ' )

- Little information has been available on air inlets
having proportions in the range hetween these two specific
shapes., The research program reported herein was under-
taken at the Langley 8-foot high-speed tunnel to establish
the effects of variatjons of nose-inlet proportions on
the critical Mach number and to develop a rational method
for the design of nose inlets intermediate to the
MACA C cowling and B nose inlets, both in proportions
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and in design critical Mach numbersi. Such data have
dirsct application to the design of high-critical-speed
nose inlets and to the development of scoop-type air
inlets, .

SYKBOLS
a speed of sound, feet per second
\'A velocity, feet per second
M #ach number (V/a)

v]/wo inlet-velocity ratilo

a model angle of attack, measured from model center
line, degrees
o} density, slugs per cubic foot
v ratio of specific heats (for air, 1.,0)
P - static pressure, pounds per square foot
. . p‘po
P vressure coefficient e
: A
Pop critical pressure coefficient, corresponding to
local Mach number of 1.0
m mass flow, slugs per second (pAV)
A area, square feet
m ' . .
mass-~-flow coefficient
p FV - :
o} ‘
q dynamic pressure, pounds per square foot %pva)
AX total-pressure loss bstween free stream and
measurement station, pounds per square foot
8 total conical-diffuser angle, degrees
D maximum diameter of nose inlet

d iﬁlet diameter
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d/D iﬁlet-diametqr ratio .

X - distance from entrance;'measuredlalong nose-
inlet center line

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

X/D length ratio

F maximum frontal area of nose inlet, corresponding
to D, square feet - - ' '

¥ ordinate measured perpendicular to reference line

Y maximum ordinate, measured perpendicular to
reference line at maximum-diameter station
(See table I.) _ .

r nose-inlet lip radius

K. arbitrary factdr (See p. 35 and fig. 7.)

Subscripts: - ' ' '

min minimun

cr critical

o] free stream

l nose-inlet entrance

DESIGHN ANALYSIS

Derivation of Basic Nose Ordinates

The A, B, and € nose.inlets presented in reference 2
were derived experimentally in a systematic series of wind-
tunnel tests to-approach the optimum from the standpoint
of critical speed. A comparison from reference 2 of the
‘nondimensional profiles.for these nose inlets having
different proportions (fig. 1) indicatés a similarity of
profile for all three inlets. Marked similarity of pro-

file is noted for the B and C nose inlets; the A nose
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inlet t, however, varies somewhat from the basic profile of
the 3 and C nose inlets. This variation is believed to
be due to the limitaticns encountered in the tests of
reference 2, which involvsd the fairing of thils nose
inlet of large diameter into the basic streamline body

at a given point and with a given slope. These limita-
tions were not serious for the B end C nose inlets, which
have small inlet diameters, and co orrespondingly greater
lengths were available for falring than for the A nose
inl° ‘A flat p”essurc distribution similar to the dis-
tributions obtained for the B and C nose inlets was not
obtained for the A.nose inlet, for which a pressure peak
occurred at all inlet»velccity ratios.

C

Although the difference between fhe nondimensicnal
4

B and C nose-inlet crdinates Lq‘umalw, the ordinates of
the 8 nose inlet have been selected for general use
because the original proportions were considersd to
correspond more nearly to current desiygn applic cations

than those of the ¢ nose inlet. The nondimensional’

B nose-inlet ordinates have besn applicd to the layout

of varicus nose inlets that differ 8DDTCCLJb+y from the
oriclnel nose-inlet proportions ir length, inlst dlamster,
and maximum diameter. In refsrence 3, in which the
variation from the original E nose-inlet proportions was
considerable, the prescurs distribution over the resulting
nose inlets GXhlbLted thﬁ oharanuvzasulc flat contour with
low values of the pressur ealk, It was thus indicated
that tre basic B nose—;nlec profl]e ané the method of

nose design could be applied to the design of nose 1nlets
having proportions gredtly different from those of th
original nose- inlet shape te<t@d

i

Ulffvc“ltj was exberlenceﬁ however, in the appli-
cation of the original B nose- 1n1@t ordinates, .The slope
of the nose-inlet profile at the station at hlch the noss
faired into the streamlins body was a finite value that
varied with the ‘nose-inlet proportiong assumed. It was
evident that the nondimensional profile should Qe extended
to a point st which the slope was 2zero (maximum-diameter
-station). 1In order to attain this extension, the B nose-
inlet ordinates were considered tc include the ‘

NACA 111 streamline body (to which the crl sinal nose
inlet was faired) as far back as the mazi mum-diameter -
station. The resulting ordinatss were developed in a
nondimensional form and are nlotfe in figure 2.
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The fairness of the extended B nose-inlet ordinates
could not be determined from the measured pressure distri-
bution rresented in reference 1 bHecause the wing-support
interference affected the pressure distribution over the
rear part of the ncse inlet. Plots of the slope and the
rate of change of slope of the extended B nose-inlet
ordinates indicated a slight amcunt of unfairness in the
region where the original B .nose inlet joined the stream
line body. On the assumption that the curves of slope
gnd rate of change of slope should be fair (these two
curves together “9601fv the local radius of curvature)
the two curves were faired and the resulting ordlnateq
determined., The faired ordinates, hereinafter designated

the NAC2 l-series ordinates, are‘given in table I and are
plotted in figure 2 in comparison with the extended

B nosc-inlet ordinates. Ths two curves are practically
identical over the critical forward scction and have only
minor differences over the roar sgction. The resultant
NACA l-series ordinates are, thereforc, essentially the
original NACA B.nose-inlet ordinates with the addition

of a falred extension back to the maximum-diameter
statlon.

The NACA C cowling ordinatee are presented in refer-
ence 1. These cowling ordinatss, derived, from a system-
atic series of wind-tunnel tests, were developed to
attain the maximum critical speed for conventional.cowling
proportions. The cowling pressure distribution approaches
the flat shape that 1is optimum from the standpoint of
critical speed A comparison of the ¥ACA C cowling pro-
file with the YACA l-series ordinates on a.nondimensional
basis (fig. %) shows reasonable agreement. Pigure 3 also
shows the nondimensiocnal profile of an VWACA wing-inlet
shape that is discussed in the section entitled Mling
inlets. " -

" In figure 3 the NACA C cowling (% = 0.70, % = O.5#>
. 4 N
and the original 3 nose inlet'-<5 = 0,38, % = .wﬁ
sketched to scalse The great difference in the propor-
tions of these two nose inlet which aprproach the optimum
from the standpoint of crlt;cal speed, is.evident. The

critical Nach numbers of the NACA C oowL; g and B nose
inlet are, from references 1 and 2, 0.63 and 0.8, respec-
tively. With the nondimensional sim1¢ar1ty of the profiles
of these two nose inlets established (fig. 3), the large
variation in critical speed must be a function of the
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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 derived from essentially
the same nondimensional profile., With the NACA l-series
ordinates as a basic profilé, a systematic series of
wind-tunnel tests was undertaken to determine the effects
of nose-inlet proportions on critical speed.

Nose~-Inlet Designation
A designétion system for nose inlets has been dev1s¢d

thau‘lncorporates the follow1q bas¢c proportions (see
sketch in table I) :

d - inlet diameter
D maximum outside diameter of ncse inlet

X lengtb of nose 1nlet ﬂeasured froa 1nlut to maximum-
diameter statlon -

The number designation is written in the form 1-1,0-150,
~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 percent of maximum diameter d/D; the third group of
numbers specifies the nose-inlet length in percent of
maximum diameter x/b. The NACA 1- 1:0-150 nose inlet,

therefore, has & l-geries bas1c nrofile with % = Q.40

and % = 1.50.
D

APPARAmU° AYD TEST

Models

The nose inlets of the NACA l-series 1nveqt1ﬂated .
are illustrated in table 1IT. Theqe nose inlets represent
a systematic variation of inlet-diameter ratio 4/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
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of the nose inlets ofi“% = 2,00, for which the length

was 2l inches, .the length of the. detacheble nose inlets
was maintained at 18 inches. This length correspends to.
a value of X/5 of 1.5. To nose inlets having % < 1.5,
cvl:ndr1cal sections (skirts). were added to maintain the
over-all length at 18 inches. several of the nose inlets
were nrovided with detachable skirts in order to investi-
gate the effects of varying the fineness ratio of the
test body. Scale drawings of each of the nose inlets
tested are precented in p1f“ur E, grouped accovdlng to
inlet-diameter ratio. Pho*orraph of certain of thc¢ nose
inlets (with skirts), which illustrate variations in
length ratio and inlet—diamctor ratio, arc presented in
fivuru 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 ”eferences 1
and 2. Several minor modifications to the lip radius and
internal feiring were tested. (See [ig. 6.) Ho attempt
. was made to simulate an alrcraft internal-flow system
insofar ag internal resistance and duct lines are con-
cerned. The model ducts for the nose inlets were conical
back to the parting line of the removable nose section,
where all ducts had a common diameter of 7.2 inches.

In addition to the nose inlets listed in table II,
the MACA C cowling was tested. Three nose inlets

having %1~ 0.60 and’ % = 1,50 - and having profiles

representing deviations from the NACA l-series profile
-were also-tested to show the effects of such deviations.
All thr2é nose inlets, which are drawn to scale in
figure 7, differ from the NACA l-sseriecs profile in ‘thet
the thickness.of the forward part is grcater than for
the WACA l-series profile.

Zach nose inlet was provided with a row of surface
c-

static-pres eure orlflces, whloh ex*ended along the top

center line ?rom the inlet 1ip to a peint Z% inches to

the rear of the detachable nose. The pressure tubing
passed from the model through the tunnel test section
along the support strut and was connected to a photo-
grapnically recorded multiple-tube manometer in the test:
chamber. : :
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The nose inlets were mdéunted on a cylindrical after-
body that was supported at the tunnel center line by a
single vertical streamline strut. This strut was attached
to the body at a station 2 strut chords behind the
removable nose inlet in order to minimize interference
effects., A drawing of the model insteallation is shown
in figure &, The internal-~flow system 1is also shown in.
figure 8., The duct section izmmediately behind the parting
line of the nose inlet and body was contracted to the
rake station, where a rake of total-pressure and static-
pressurc tubes was located for the determinstion of
- Internal losses and air-flow gquantity. The duct exit was
located at the tail of the body and was provided with a
pluz~type control for varying the exit areca. 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., A4 flapred exit was used for several
tests To obtaln 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 TLangley 8-foot high-speed tunnel, in which this
investigation was conducted, is a closed-throat, circular-
section, single-return tunnel, The turbulence of the air
stream is low but 1s somevhat higher than the turbulence
of frece air, : -

The complete range of NACA l-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 89 by 20 increments. Several of the nose inlets were
tested through the WMach number range up to approxi- '
mately My, = 0.7. The inlet-velocity ratio was vanied
from -about 0.2 to values higher than 1,0 for the nose
inlets having small values of &/D. For thc nose inlets
having large values of 4/D, the meximum value of inlet-
velocity ratio was limitcd by the capacity of the internal-
flow system. ' : .
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RESULTS AND DISCUSSION

Basic Nose-Iniet Characteristics

Basic data,- The basic nose-inlet characteristics
are presented as plots of pressure distribution and
critical Mach number for each of the nose inlets. These
data are grouped dccording to 11]et diameter ratio.
Figures 9 and 10 present _the pressure distributions over

the nose inlets having 3 = 0.l0, the ¥aca 1-1;0-200

end 1<l;0-150 nose inlets, through ranges of inlet-
velocity ratio and model angle of attack. These two
parameters govern the pressure distribution for. a given
nose inlet. ‘At zZero angle of attack the pressure distri-
butions for the modecrate-te-high values of inlet-velocity
ratio are egsentlially flat with very low values of peak
negative pressure coefficient. As the inlet-velocity
ratio is progressively decreascd, 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 pres-
sure peak increases rapidly.as the inlet-velocity ratio
is further decreased. Progressively higher values of the
inlet-velocity ratio are required to ®liminate the pres-
sure 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 1-1,0-150 nose inlets are presented in
figures 11 and 12. The critical Mach numbers were deter-
mlned from the meauured pressureé dlmtrlbutlons by means
of the von Kdrmdn relation (reference 4) For a given
angle of attack, little change occurs in the value of the
Acritical Mach number for valusgs of inlet-velocity ratio
In the medium-to-high range. The sharp downward break
in the critical ¥ach number curve occurs-.at a value of
inlet-velocity ratio below which the critical ¥ech number
is determined by a pressure peak near the lip.  Further
decrease in inlet-velocity ratio produces a rapid decrease
in critical Mach number.

An important effect of an increase in angle of
attack (figs., 11 and 12) is to shift the knee of the
critical Mach number curve to progressively higher values
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of inlet-velocity ratio., ~A comparison of the critical-
speesd characteristics for two anvles of attack shows only
small -differences between the values of the critical
speed above the knees of tbe.tvo curves; below the Kneg

of the curves, however, marked difibfrPCbS are noted.

Figures 13 to 38 prese qt presaure dwofrnbu ions and
critical ¥Fach number characteristics for the nose inlets
having inlet-diameter ratios of 0.50, C. 60, and 0,70. In
general, the effects of changes in 1p¢et ve‘ocvcy ratio
and angle of attack are 31m11ar to those de°crlbeu for
the NAGA 1- ;0-200 and 1-140-150 mose inlets.

The effects of inlet nroportions.- The critical Mach
number curves for the seriles of nosc inlets tested have
-been grouped for constant angles of attack, according to
inlet-diameter ratio and 1bpat ratio, to illustrate the

effects of these parsmeters o ,uhe critical ¥ach number
characteristics. Figure 39 show" the effects of length
ratio on critical Mach number. For a given 1ﬂ1ut d!ameter

ratio, an increasc in maxXimum critical
shown to occur with increases in lengt An
increase in length ratio, howsver, causes the Vn\e of

the critical Mach number curve to occur at progressively
higher values of inlet-velocity ratio and thersdby reduces
the inlet-velocity-ratio range for waximum critical speed.
A wider range for maximum critical spoced is thercfor
obtaincd for the lower valuce. of lengbh ratio but thh an
Important sacrifice in tie value of maximum critical Mach
number., ‘

is

Figure [0 shows the effect of inlet-dlameter ratio
on critical Mach numb‘ characteristics, A decrease in
the value of inlet-diameter ratio for a given length
ratio shifts the knes cf the critical Wﬁch humhbJ curve
to lower values of *the inlet C 8

inzreases the extenst of
for waximum criitical ap
ratio on masximum criti
of length ratin, For

ratio, a significant d e
number ocecurs with decrsar in
ratio. These data th iu"icax
the more important of thesp two
the maximum critical s;eed; the

o
o

in zénéral, secondary. For iven lnnﬁ*h ratio, nowever,
the inlet-diameter ratio governs the position of the knse

of the critical Mach number curve,
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In figure 39 envelope curves.-have been drawn tangent

- to the knees of the critical Mach number curves. A
summary plot of the envelope curvos glone is presented

in figure L1 for a = 09, 2°, and L;° for each of the

d/D grecups. Inasmuch as the k“nce of the critical Mach \
number curve corresponds to the pcint or conditions at
which the nose-inlet pressure distribution is approxi-
mately flat, the envelope curve has important signifi-
cance in that any noint on the curve represents the
optimum value of critical Mach number that can be obtained
for specified values of inlet-diameter ratio and inlet-
velocity ratic. Comparison of the envelopes for the

three angles of attack (fig. 'l) shows that important
decreases in critical ¥ach number occur in operatlon at
angles of attack other than 09,

It is apparent from figure %9 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
corresnonds 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 pressurd distribution
and a critical Mach number approaching its maximum.

In flight the level high-speed condition will usually
govern the inlet design, 1or not only will the flight
Mach number be a maximum hut also the inlet-velocity
ratio will usually be a minimum. The design of a nose
inlet to qatlsfy given critical Mdch number requirements
. must therefore be based on the minimum inlet- velocity

ratio.

Selection Chiarts

‘Basis and composition.- The envelope curves for the
NACA l-series nose inlets tested (figs. 39 and 1) have
been arranged in the form of selection charts in flgure 2,
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 alr quantity until the entrance
diameter is known, has been re¢placed by the mass-flow
m

v
poP\o

-coefficient which is an independent deslign -
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quantity. Figure 13 is a plot of inlet-velocity ratio
sgainst mass-flow coefficient for various values cf a/D
and M The: curves for Mach mumbers less than 0.50 have
been omitted. The curves for incompressible flow (¥, = 0)
can e added to this figure as straight llnes bhetween the
origin and the points at which the curves convserge

\]1
at '{J‘;
curves from figure ;1 have been converted to mass-flow
coefficients at the corresponding vaiue of M by means

of figure L3,

= 1.0.- The inlet-velocity ratios for the .envelope
cr.

The go0lid lines in the lower half of the selection
chart (fig. 112) are the envelone curves from figure L1.
The inter jacent dashed curves represent the envelopes
for intermediatc values of A4/D and were cobtained from
cross plots of the experimental data. The envelope
curves have been extended beyond the limits of the data
by only a small amount. Some additional extrapolation
may e judiciously performed on the selection chart, if
necessary, through reference to figure %9. The dashed
curves intersecting the main curves on the selection
chart are lines of constant inlet-velocity ratio for

corresponding valuss of -———, 4/D, and Mep on this
. P FV, :

chart. The solid curves on the upper half of the selec-

tion chart are plots of the value of X/D required for

an VACA l-series nose inlet having the maximum critical

Mach number for a particular value of Inlet-diameter

ratio and mass-flow coefficient.

se of charts.- The selection charts have two prin-
civpal anplications; (1) selection of nose-inlet propor-
tions, for use with the NACA l-series ordinates, that
will attain a specified design critical Hach number and
catisfy specified air requirements; (2) determination of
eritical Fach number and minimum-flow conditions for an .
NACA l-series nose inlet of given proportions.  In general,
these two applications pertain to the high-speed and cruise
conditions, respectively. The selsction of proportions
of a nose inlet will usually be governed by the high-speed
condition., It will then be desirable to check the
selected proportions for other flight conditions, such as
the cruise condition, for which the design angle of ’
attack, mass-flow coefficient, and Iflight Mach number
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will be somewhat different. The high-angle-of-attack
(low-speed) flight conditions are alsc of interest from
consgiderations of external and internal separation.
{These items are discussed in the section entitled
"Detail Considerations.m)

The design data specifying the selection parameters
are the design speed and altitude, the corresponding air
requirement, and the frontal area of the body to which
the nose inlet is being applied. The use of the charts
is illustrated by means of an example. The following
desizn conditions and gunantities will be assumed for a
typical jet-propulsion installation:

Circular-fucselage cross-sectional area, P, sgq ft . 20
Operating altitude, ft . . . . . « . .« ... . . 35,000
Density at altitude, o , slug/cu ft . . . . 0.,000736

,-High-speed Cruise
condition condition

Free-stream velocity, V_, ft/sec

L g07 661
(550 mph) (h58'%5h)

Free-stream Mach number, My e e 0.33%

Angle of attack, a, deg . . « . . 0 o 2
Air required, 1b/sec . . . . o o o o 50 Iy
Mass-flow coefficient, wm/p FV, . . 0.130 0.14%

The proportions for the nose inlet to mest the high-
speed conditions are found by entering the selectlon
chart for a = 0° (fig. Lh2(a)) at the bottom with the

value of mass-flow coefficient - = 0.1%0 and
- 0o o/min '

proceeding vertically upward to the value of M, = 0.83.

At this point the value of inlet-diameter ratio 4/D can
be read, along with the value of inlet-velocity
ratio Vl/Vé"COrresponding to the values of d/D,
E 6;%%7{> , and M., for this point. By continuing

o O/min _
vertically to the top section of the chart, the required
value of length ratio X/D can be read for thé value
of d/D obtained previously. The proportions for the
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nose inlet that will give a critical Mach number equal
to the high-speed-flight Mach number are

d :
= = 0,526
D ° ] ‘ .
s “f- Selection I
X _ -
5= 1.16 |
. /V\ :
The corresponding value of (v-)- = 0.%35 may bg read
O/min - - :

from the selection chart.

_ The nose inlet selected for the high-speed condition
(selection I) should ncw be chgcked -to determine whether
it will satisfy the smecified cruise requirements. This
check can be made by entering the ton half of the selec-

tion chart for a = 20 (fig. L2(b)) with = = 1,16, pro-
) D _’_

ceeding across to the value: 5»? 0,526, and then moving

vertically downward to the same value of d/D on the
lower half of the chart. At this poin¥ the value

m ;
of <f756— and the corresponding value of M, can
P .
" O/min

be read. By this procedure the following results for the
cruise condition are cbtained:

_LCI’

m - = 0.159
o FV ‘ ’
\ © ©/min

Xl>' = O.ly

v
\"0/min

’[\1!" = 008]5

 In figure lli(a) a scale drawing of this NACA l-series
nose inlet (selection I) is vresented 1l1lustration
alonz with the critical Mach number curves estimated from
figure 39 for a = 00 and a = 2° (the high-speed and
cruise conditions, respectively). Also noted on this
figure are points representing the two specified design
requirements. The design high-speed requirement falls
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on the knee of the curve for a = 0° because the sslec-
tion charts are based on the knee. The fact that the
design cruise requirement falls below ths estimated
critical Mach number curve for a = 29 indicates that

the critical speed for the nose inlet selected exceeds

the cruise requirement. The cruise requirement point,
however, represents a value of mass-flow coeffioiﬂnt

below the minimum value indicated by the knec of the
curve. Operation of the seslected nos¢ inlet at the cruise
condition will therefore produﬂe at the 1ip of the inlet

‘a pressure peak, which may be undesirable from fhe stand-

point of drag.

Tt is evident that some margin may be desirable
between the design operatinN requirements and the nose-
inlet selection conditions. An inspcotion of figure Lli(a)

indicates that a margin of m/p FVy of the order of 0.02

may be desirable to sliminate the gressure peak in the
cruise condition. The design selection parameters for
the high-speed condition thcn beecome - .

;—§§—> 0.1%0 - 0.02
Po™ 0/ rin ~ |

4 I3

¥

= C.110

From the selection chart for the high-speed condition
(fiz. Lb2(a)), by the method outlined for selection I, the
following results arc obtained°

= 1.20 » Selection 1T




NACA ACR No. L5F30a 17

Por the cruise condition for these values of X/D
and d4/D, from figure L2(b),

Mep = 0.819 -

. RN i o
(———-' m ) = 0.138
o FV
. 0 Ymin

A
1 -

min

The cstimated critical Mach numher curves and the points

corresponding to the design requirements arec shown with

a scale drawing of this nose inlet in figure ili(b). TFor

the cruise condition, the required value of the umass-flow
coefficient is higher than the minimum value represented
by the knee of the curve. TIntroduction of this margin

- T . , .

in —=— 1involves a decrease in the value of the inlet-
PV

diameter ratio and a corresponding increase in inlet-

velocity ratio but only a small change in the value of

the length ratio. ;

In the design of ~installations a margin between
the design blgh-Qpeoa > number and the critical Mach
number of the nose'ln*,t may De desirable in addition to
the margin in mass-flow cosfficient illustrated by selec-
tlon IT. With a margin of 0.02 assumed for M,, and
with the same margin in mass-flow cocfficient assumed as
for selection IT, the design selection parameters become

———’Ii‘-{,-— = 0.110
Po" 0/ in :

Mep

H
(@)
[@a)

(a

From the selection chart for the 1;gh-speed condition
(figz. L2(a)), the following results are obtained:
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d '
:6 = 0.}+7
%.-: 1.45 " Sslection TIT
vV ’
(:\‘f‘l’\ = 0077
- "0/min J

For the cruise condition {(fig. QE(b)),'for these values
of X/D and 4/D, -

: /—-;-I-IT = .128
; ' \po ozlmiri
LY ,
72) o # 0u5
"0/ min

The estimated critical Mach number curves and the points
corresponding to the design reduirements are shown with
a scale drawing of this nose inlst in figure lLli(c). For
both the cruise and the high-spsed conditions a margin
now exists between the design values and the required

m o\ . .
operating values of WM and [ . Introduction
o v - CI‘ 0 F\\Ir R
’ "0 O/ min

~of these margins resultes in a nose inlet having a smaller

inlet-diameter ratio and & greatsr lsngth retio than thoese
of the nose inlet selected for the original design con-
ditions (selection I). The decreased inlet-diameter
ratio involves a corresponding increase in inlst-velocity
ratio, wkich may be detrimental from ths standpoint of
internal loesses, ' In order to determine the amount of
design margin that may be used, therefore, the character-

~isties of the internal-flow system must be ceonsidered.

Several important qualifications should be noted
concerning the anplication of the selecction chartg. The
selection charts for the NACA l<series nose inlets are
based on the knee of the critical Nach number curve for
a given nose ‘inlet. The application of these charts to
the design of a nose inlet for a given critical Mach.

\

N
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number will therefore result in a nose inlet having the
minimum value of ¥X/D and the maximum value of d/D

that can be used. - The proportions given by the selection
charts represent limiting values rather. than optimum
values; consequently, in installations for which values
of length .and. diameter ratios are nét restricted; the
proportions can.be vdried from the’ ’imlting #alues 1in the
~directions 1nd1cafed in the .éxample previolisly presented.

15‘or= an’ NACA 1 serie= nose 1ﬂlot haV1ng arbitrary
pPO”OPthﬁ;, the critical Mach number characteristics
at a = 0% and 2° may be checked against the operating
requlrements by means of the selection charts in a manner
similar to that -employed in. cbeckth_tae cruise condition
for selection T of the example. For conditions to which.
the selection charts do not apply, reference can be made
to figures 39 and liC and to the figures presenting
crltlcai Mach number data for the nose inlets tested for
estimation of the characterlstlcs of the particular .noso
inlet involved. o

Certain combinations of nose-inlet proportions within
the range of the series testﬁa cannot be checked for
critical qpe@d and operating conditions by means of the.
selection chart of Ffigure 42; for example, the _

NACA 1~50-050 nose inlet, which was tﬂs*ed in the present
investigation, cannot be found by entering the upper part
of the selection chart with its, o"onortlons. Figure 16
shows that the characteristic flat pressure distribution
is not obtained with this nose inlet at any value of
inlet-velocity ratio. Examination of the curves for the

nose inlets of 3 = 0.50 (fig. 39) shows that the

critical-speed curve for this nose inlet falls far below .

the nvelope curve even if the envelove. and critical-
v

speed curves are extrapolated to 7= 0. For an inlet-

‘ , , 0 . :
diameter ratic of 0.50, therefore, this nose inlet has a
considerably shorter length than t 12t required to obtain
the’ %Wthcalﬂqpeed indicated by the envelope curve even
at v£‘= 0. This nose inlét therefors does not -appear on

0 ' o
the selection charts because, -as .the.chart shows, larger
values . of length ratio should be used .for this value of -
inlet-diameter ratio. = ' s e
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Design Application

The NACA l-series ordinates.- The sclection charts
presented are based on nose inlets designeéd from the
NACA l-series ordinates., These ordinatps have been shown
in the secdtion. entitled "D831gn Analysis" to approach
closely the optimum from the standpoint of critical spesd
for a wide range of nose=-inlet- proportiohs. Any departure
from the nondimensional NACA l-series ordinates (table I)
may apprecidbly lower the value of theé maximum critical
Mach number and alter the shape of thé critical Mach
humber curve. The results of tests of several nose
inlets having profiles that differ from the NACA l-series
ordinates are presented in the section entitled "Effects
of variations in basic profil° "

The small degree of. wavinpsh,evident in some of the
pressure distributions for several ofi the nose inlets is
believed to be due to very small deviationg in profile.
Recause the mcdels were constructed of wood and were of
relatively small size (12 in, in diameter), exact dimen=
silonal control of the profile was difficult. It is
telieved, hiowever, ‘that, inasmuch as these deviations are
small, the effects on maximum critical Mach number and
the shape of the critical Mach numper curve will likewise
be small. Nose inlets based on the NACA l-series ordi-
nates should therefore closely approach the optimum from
the standpoint of critical speed for the particular pro=<
portlorwu selected.

Tt should be noted that the selection of an
VACA l-series nose inlet of proportions that exactly
catisfy given conditions results in a pressure distri-
bution approaching a flat shape.  Although optimum
from the standpoint of critical spsed, such a nressure
distribution is not the most desirable from the stand-
point of attaining laminar flow. The pressure distri-
butions at inlet-velocity ratios avove the design value,
however, tend to approach the type of distribution char-
acteristic of those permitting laminar flow. The intro-

duction of margin in the design value of as

.
PFV,’ \
shown in the example, will therefore tend to provide a

more favorable pressure distribution from the standpoint

of attaining laminar flow.
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Cowlings.- In order to compare the critical-speed
characteristics of the NACA l-series nose inlets with the
MACA C cowling of reference 1, a mcdel of the = =
WACA C cowling was tested on the model shown in figure 8.
The pressure distributions and critical Mach number char-
acteristics are presented in figures L5 and L6, respec-
tively. The value of critical speed obtained for this
cowling agrees closely with the value determined in the
tests _of reference 1. The proportions of this Cowl{ng

are 3 = 0.70 and '% = 0.31; therefore, this cowling is

closely comparable in proportions to the MACA 1-70-0%0
nose inlet, The critical-speed characteristics of this
nose inlet and the NACA ¢ cowling are compared in.figure.l;7.
The critical Mach number of the NACA C cowling is shown
to be between 0.005 and 0.01 highier then that for the
NACA 1-70-030 nose -inlet. Approximately one-half this
difference can be shown (by cross plots of the expéri-
mental data) to be due to the slightly ireater length
ratio of the NACA C cowling (% = 0.51); the remainder
must be ascribed to the slight difference between the -
basic nondimensional ordinates for the NACA C cowling
and the NACA l-series ordinates. (See fig. 3.). The

fact that ‘the remaining difference is small indicates
that the MNACA C cowling ordinates and l-series ordinates
will yield nose inlets of approximately equal critical
speed. An inspection of the pressure distributions, how-
ever, indicates that, for nose inlets of proportions
similar to those of short cowlings, an increase in thick-
ness near the lip, such as is provided by the NACA C
cowling ordinates, may be beneficial,

The criticaf\Mach number curves for the NACi 1-70-050
and 1-60-050 nose inlets have been added to figure L7 to
show the effects of small variations in propocrtions for
short-cowling-type nose inlets and to illustrate the
‘changes  in proportions that must he made. in .order to
obtain cowlings having critical Mach numbers above that
of the NACA C cowling. These data show that the simul-

- taneous increase in the length ratio and decrease in -
inlet-diameter ratio by appropriate increments will yield
cowlings of higher critical speed than the NACA C cowling
for comparable ‘inlet-velocity-ratio and angle-of-attack
ranges, Seclection of nose-inlet proportions in this
range ray be made by means of the selection charts pre-
viously presented (fig. L2).
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Effect of propeller spinners.- The effect of a pro-
peller spinner on the critical Mach number of a cowling
and on the internal flow must be ceonsidered in the design
of a cowling for a tractor propeller installation. A
Several cowling shapes have been developed oy the NACA
for use with large spinners (references 5 and 6). The
data from tests of these cowlings have been analyzed in
relation to data in the present report.

Shown in figure 48 are the NACA D; cowling (cowl 2
of reference 5) and the NACA Dg cowling (the Dy cowling

of reference 6), which were developed for use with the
spinners shown. For comparlson of profiles, NACA l-series
cowlings of similar proportions have been-superimposed.
The profiles of both the Dy and Dy cowlings fall

somewhat under the NACA l-series profile near the 1lip,
. but good agreement with the NACA l-series profiles is
~evident. Inasmuch as the .profiles are generally com-
parable, the characteristics of thé cowlings developed
for use with spinners may be compered with the character-
istics of the NACA l-series open-nose cowlings to estab-
lish qualitatively the effects of the propsller spinners,

Pressure distributions over the NACA Py, and
Dg cowlings from data in references 5 and & are presented

in figure 9. The pressure distributicns for both
cowlings do not possess the flat .contour that is charac-
teristic of the pressure distributions for the

NACA l-series nosé inlets. Inasmuch as no high pressure
peaks exlst, however, 'small modifications to the cowling
contours would probably suffice to obtain essentially
Tlat pressure distributions.

The critical Mach numbers of the NACA Dr, and
Dg cowlings at a = 0° are shown in figure 50 for
several values of Inlet-velocity ratio. Also shown in
thls figure are the estimated c¢ritical Mach number curves
for the corresponding ¥ACA l-series cowlings (without
spinners) taken from figure L2 for the proportions shown
in figure 8. The maximum critical Mach numbers of the
NACA Dg and Dy cowlings are in good agreement with
those of the corresponding NACA l-series open-nose
cowlings.- The effect of a spinner on the maximum eritical
speed of a cowling is evidently small.
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Figure 50(b) shows also ‘values of critical Mach
number ' from unpublished tests of a full-scale
NACA Dg cowling installation with spinner in place and

with splnner'réﬁoved These data show that the cowling
without spinner is operating at an inlet- velocity ratio
well below the knee of the critical Mach number curve and
consequently possesses a high pressure peak .at the 1lip
and a corresponding low critical speed. The principal ..
" effect of the spinner in the case of the NACA Dr, and Dg

cowlings is thereforé to raise the inlet- -velocity ratio
for the design air-flow quantity; this increase permits
..the cowling to operate in the range of inlet- veloc1ty
ratio for maximum crltical speed. :

The effect of a qpinner on the ipleu-ve1001ty rdtio
at which the knee of the critical Mach number curve
occurs is not accurately predictable from existing data.
The data tend to indicate, however, that the knee will
occur at a value of inlet-velocity ratio equal to or
slightly less than the value for the open-nose condition.
The addition of a spinner to a cowllng thus permlts (but
does not. necessarily requlre) an increase in- d/D as a“
consequence of the increased inlet-velocity ratio. This
fact may be of advantage in selecting a high-critical-
speed cowling of minimum frontal area (discussed in
section entitled "Sample cowling d331gns")

In the design of a cowling with a spinner, cons1dera-
tion must be given to the fact that a minimum value of
inlet-velocity ratio exists below which unstable flow at
the cowling entrance occurs., Values of the nminimum inlet-
velocity ratio for stable entrance flow and high cooling-
pressure recovery have been determined from tests ‘of
sp601fic installations. The data of references 6 and 7
indicate a value of minimum inlet- -velocity ratio of the
order of 0, for a cowling with spinner but no propeller:
reference 6 and the resulfs of unpublished flight tests
indicate a value of the order of 0.35 for .a.cowling with
spinner: and rotating propeller. The use of suitable pro-
peller cuffs has been found to improve entrance-flow N
stability at low values of inlet- -velocity ratio and has
been shown to permlt satisfactory operation at inlet-
velocity ratios as low as 0.30. A general investigation,
‘however, is necessary.to provide ‘définite values of
minimum inlet- velocity ratio for varwous cowllng splnner
conflguratwons.
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Tt w1’1 usually be desirable to design a cow11na
for the lowest value of inlet-velocity ratio COISthgnt
with stable entrsnce flow because of the increase in
diffuser losses that occurs withH increase in inlet-
velocity ratio. An -optimum value of inlet-velocity ratio
or sninner size therefore exists for 2 given cowling
installation., This fact is illustrated in, references 7
and 8, which present the results of investigations in
which spinners of several sizes were tested in conjunction
with NACA cowlinges through limited ranges of air-flow
guantity. These references show that, from the standpoint
of internal total-pressure recbverv, “n optimum spinner
size exists for a given cowling., Use of a cplnner smaller
or larger than the optimum wes. shown to result in
incrcased total.pressure losses.

In surmary, the foreg o*ng analysis indicates that
no important changes in maximun critical speeds of
cowlings selected from the design charts presented hérein
will occur when a propeller spinner is added. In addi-
tion, the available data tend to indicate that the knece
of the critical Mach number curve will occur at approxi-
mately the same value of inlet-velocity ratio for.a
cowling with or without a spinner; further investigation
is required, however, to e&tabliish definitely the location
of the knee of the curve. The inlet-diameter ratio 4&/D
of a cowling may therefore be increased above the open-
nose design value, if desired, in order to take advantage
of the increase in inlet-velocity ratio produced by the
addition of .the spinner. With a spinner, however, a.
minimum value of inlet-velcecity ratio exists for stable
entrance conditlions. The spinner diameter should there-
fore be adjusted to keep the operating-value of inlet-
velocity ratio slightly above this minimum value. (The
selection of a cowling-spinner combination is illustrated
in the sample cowling designs that follow.)

-

Sample cowling designs.— The application of the
NACA l1l-series ordinates to high-criticsl-speed cowlings
for two typical radial eng*nes -18 1llustrated in the fol-
lowing examples. For these examples, the cowlingq are
designed to prov1de only cylinder cooling air. The fuse-
lage “diameter is assumed to be sufflclentlv large to
assure internal clearance between engine and cowllng.
In order to obtain a specified value of clearance between
engine and cowling, a trial-and-error procedure for
determlnlnp the value of fuqela diameter 1is required,
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The assumed design conditions and the proportions of the
cowlings selected from figure 42 are presented in the
follow1ng tables

Faximum diameter of fuselage or nacpT e, D, ft . . 5.0
Operating altitude, ft . « « ¢« v ¢ ¢ ¢ v « « « « 35,000
Free- strcam densi tv at altitude, o
slup,/cu i R .
Design maximum velocity, V,, ft/s
(500 MPh) v v ¢ & ¢ o o ¢ o o
Design critical Mach number, Mg, ,
corresponding to V. above . . . . . . . . . . -0.76
Cowling angle of attack, d€g « + + « « « + ¢« ¢ o « « . O

T . ... 0.000736
G

C e e e e e . . . 733

~ Two-row ' Tour-row
radial engine radial engine

Cylinder cooling mass » S
flow, m, slugs/sec . . . 0.6 1,22

Mass-flow coefficient, —me—- 0.06 0.115
PofVy .
From figure 42(a), for the
above values of critical
Mach number. and mass-flow
coefficient,

d/D L] L . . . . .. . ° ° * . 00135 OU61 .
X/D 6 e & o o s & 2 s s e e 0075 Oo?
L. 0,15 0.2l

( VAR )mln . i e e e

The cowling profiles were computed from table I and are
drawn to scale in figure 51 along with the corresponding
engine 1ﬂstallat10ns. In the preceding section it was
pointed out that the inlet-velocity ratio should not fall
below approximately 0.% when a spinner is used with a
cuffed propeller, With the assumption of a cuffed pro-
peller, the spinner sizes for the two cowlings have been
selected to raise the inlet-veélocity ratios to 0.%3. The
resuiting spinner diameters are 23 inches and 16 inches
for the cowlings shown in figures 51(z) and 51(b),
respectively. ‘
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These two examples show that cowlings -designed for
critical Jach numbers above that of. the NACA C cowling
are characterized by a smaller inlet-diameter ratio and
a greater length ratio. The length of the propeller
shaft on these engines necessitates the location of the
engine ahead of the maximum-diameter station of these
high-critical-speed cowlings. The maximum diameters of
these cowlings are therefore greater than the minimum
diameter that might othHerwise .be used. The increascs
in frontal area above the minimum area (for the same
internal clearance between engine and .cowling) for the
cowlings in figures51(a) and (b), are approximately 26
and 20 percent, respectively. Such an increase in frontal
area may not be significant.in thc case of instasllations
for which the fuselage or nacelle diameter is governed by
factors other than the engine diameter Dut will present
an important increase in frontal area and drag in instal-
lations for which the minimum fuselage or nacelle diameter
is governed only by the engine diameter. his excess
frontal area may be reduced by use of an extended pro-
peller shaft or a hollow spinner such as that used in the
NACA high-speed cowling (reference 9), which was derived
from the B nose ordinates. '

The cowling proportions given by the design charts
(for use with the NACA l-series ordinates) represent the
minimum length ratio and the maximum inlet-diameter ratio
for given requirements. The addition of the spinners,
however, has increased the inlet-velocity ratios of the
sample cowlings; this increase makes possible (but not
mandatory) an increase in the inlet-diameter ratio. This
change is of particular interest as an additional method
of recducing the excess frontal area because, as the value
‘of 4/D 1is increased, the maximum diameter of the cowling
can be decreased. TInasmuch as the inlet-velocity ratio
for thHe cowling with spinner has been raised above the
value for the cowling without spinner, a fictitlous value
of mass-flow coefficient higher than the design value can
in effect be assumed and the cowling proportions can be
determined from the selection charts on the basis of this
value. The spinner frontal area must then be chosen to
make the inlet-velocity ratio the desired value without
actually increasing the mass-flow coefficient above the
original design value. :

+ The proportions of an NACA l-series cowling designed
for operation with a spinner at an inlet-velocity ratio
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of 0.5 will now be selected for the four-row engine for
which the requirements were previously presented. The
selection may be made by entering the design chart

(fig. L2(a)) at the left side with the value of Eop = 0.76
and proceeding horizontally across the ch ar* to the line

v

for ';* = 0.30. At this point the valus of d/D can be

. read; tpen by moving VQrt»caITW upward to the top section
of the chart the value of X/D can be read at the value
of 4/D previously obtalined. e results thus determined
are ‘

d o
B - Oo6li ( .
3~ 0.73

v

;,l = 0.30

"0/ min '
- m

- = O.lqu ) R

FY ) 7
<po ©/min . o )

' The area occupied by the spinner must ve sufficient to
make the 1n19t—vx1001tx ratio 2.0 at the original speci-
fied value of mass-flow coeil ficient, 0.115. The spinner
diameter is then 20 inches. The excess frontal area of
this cowling over the minimun area that could be used
(for the same engine clesrance) is approximately 18 per-
cent, slightly less thaen the sxcess frontal area of the
cowling shown in figure ©“1(b). \ /

In some cases, further decre
area may he desired; in others, a nher larger than
that given by the- pvooedilo nut ined may bhe ruaulrfd from
con31derat10nq of propeller hub size asg, for example, for
cowlings designed for use with gas turbines of smell
diameter. In such cases the inlet-velocity ratio can be
further increassd in order to make pos.lolc & further
increase in inlet-Giameter ratic and spinner size. The
increased. inlet-velocity ratio will, however, tend to
incrzase losses in the leP‘ er.

asss In excess frontal
arn 7

_a

>
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~ It is to be emphasized that the procedure presented
for designing NACA l-series cowlings for use with pro-
peller spinners is based on the analysis of the results
of limited investigations. Future general investigations
of cowling-spinner combinations may therefore .lead to
some refinements of this procedure; in addition, some
small modifications to the WACA l-series ordinates may
be found necessary for use with spinners. In general,
however, ‘the procedure outlined is believed to be satis-
factory, particularly for installations including the
use of a spinner of conservative sizc.

Air scoops.- The anplication of the MNACA l-series
profile to air scocps has been demonstrated in the tests
of reference 10, TIn this investigation a large scoop
was designed as a semicircular body of revolution and
located near the longitudinal midposition on the lower
surface of a fighter-type fuselage. Provision for
removing the fuselage boundsry layer was included. The
critical Mach number curves for three radial planes of
the scoop (taken from fig. 20(b) of reference 10) are
shown in figure 52. The estimated critical Mach number
curve for a nose inlet of inlet-diameter ratio and length
ratio equal to those of the scoop has been obtained by
means of figures %9(a) and L2(a) and added to figure 52
for comparison. Marked similarity between shapes of the
estimated curve and the curves measurcd for the bottom
and -60° planes of the scoop is noted. The knees of the
curves occur at approximately the same value of inlet-.
velocity ratio., The critical ¥ach number curves for the
scoop are lower than the curves for the corresponding
nose inlet. throughout the inlet-velocity-ratic range
because of the effect of the flow ficld of the wing and
fuselage on which the scoop was located. It is thus
indicated that the proportions for high-critical-speed
air scoops may be obtained from the selection chart
(fig. 1:2), with allowance for an estimated loss in -
critical speed due to interference effects. Additional
tests of such air scoops are needed to provide more
detailed design information concerning the application
of the NACA l-series nrofile to high-critical~speed air
SCOOpPS.

Wing inlets.- An analysis presented in reference 11

- shows that pressure distributions over two- and three- 3
dimensional bodies of identical thickness distribution
will generally have similar. shapes. XReference 11 shows,

~
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for example;, that . in incompre=51ble flow with motlion
para1¢61 to-the major-axis the velocity. distrlbutlon o
about -a prolate-spheroid:is. equal to-a-constant times ;.
‘the.. velocitv distribution about- the’ corresponding:. ellip--
tical- oylinaer. This eonstant is .a functior of only the
thickness .ratio, Forushapes ofher than ellipticaly: the
corresponding velocidy: ratios for two- and three- -
dimensional ‘hodies 40 not: rémain a conetant; however;,

: for. shapes cdevelopéd. for high. critical snoeds,.the ratio.
of ‘velocities: ‘may be.considered to-approach a constant .
s ‘a first. approximation: -Tnasmuch as the velocity dis-
tributions for.similar two- and threse-dimensional bodies-
are related, some similarity between profiles developed
for optlmum critical speed for two-dimensional wing
inlets and three-dimenstonal nose inlets might be
expected : :

“The nrof11e of & s ymmetrica¢ tJO dlmens1onal wing
1nle+ (sbape 9) is presented in reference 12. High-speed
t°scs ‘of ‘this shape (refercnce 75‘ show, for medTum
valuss ‘6f inlet- vélocity ratio, & press ure ¢istribution
approaching that of the three-dimensional NACA l-series
‘nose ~inlets. Flgure '3 presents the nondimensional pro-
file of shape 9 wing inlet. for comparison with the .
NACA X~series 0rof11e.~ Close agreement 1s noted. The
nondimensional profiles for two- and three~dimensional
air inlets developed to approach the optirum from the
°tandk01nt of critical speed are thus shown to- be essen-

“1ally similar. The NACA l-series ordinates thus may
have application to-the exoerimental Qevelopment of high—
crltlcal—gpeed two dlmen51ona1 v1ng enlets.

It is of 1ntere t to cowpare the relatlon between
the measured critical speed of the shape 9 wing inlet
and the critical speed estimated for a tnree-dimens1ona1
nose inlet from the present paper with the factors for
convert*ng from three- to two-dimensional flows derived
from reference 1ll... The comparlson shows that the. measured
critical speed of the. wing inlet -is.appreciably lower than
that whlch would be, predlcted [si:2 the -nge - ofdata. fromi-the
presenf paver and from reference 1. Although goneral
corﬁespond ng Dressure dlstrlbutlons for s1mlla” two- and
“three-dimensional  profilss; numsrical-agreement’as to the
magnitude of the peak pregsgurses should not necessarily be
expeﬂted 1nasmuch ag-the ‘results of" weference 11 apply
only to. s61lid’ bodles of” elllptlcal profile with no- con-’
sidération for admlttlng dir-at the -leading edge.- -
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Gun hoods.- Low-drag hoods for gun openings have been

developed in reference 1l from the nose A ordinates pre-
sented in reference 2. The design of these gun- opening
hoods or of gun-barrel fairings.from which the gun barrel
does not protrude can be determined by the nose-inlet
selection charts (fig. L42). For such applications the
envelope curves of figure ha may have bo be extrapolated
to low values of mass-flow ratio. The proportions of the
inlet section of the hood can be selected from this figure
in the usual manner; however, the design critical Mach
number “should 1ncludp consideration of. the Induced- VelOCLty
field existlng at the point ‘of application.

-

Dﬁtail Concideratione_

Comparison of cvitical spseds obtained py,eXperiment
and by extrapolation.- The NACA 1-50-150 and 1-70-050 nose

inlets, which are representative of a long nose inlet and
a short cowlling-type nose inlet, respectively, were tested
through the Mach number range.to approximately Mgy = 0.7
in order to compare the experimental variation in peak
negative pressare coeffloient with the theorstical varia-
tion (the von Kerman relation, reference l.) assumed in the
present paper for the determinatlon of critical speeds,
Figures 53%(a) and 5li{a) show the variation of measured
peak negatlve pressure coefficient with Mach number for
the NACA 1-50-150 and 1-70-050 nose inlets at constant.
values of inlet-velocity ratio. The lowest values of peak
negatlve pressure coefficient follow approximately the
theoretical increase with Mach number; however, the high
values of peak negative pressure coefficient do not follow
the theoretical variation. (See figs. 1l and %3 for the
pressure distributions over these nose.inlets.) This
effect has been cbserved in previous inveStigations in
which sharp pressure peaks occurred over relatlvely sharp
inlet lips (reference 13).

Thetfailure of the variation of peak negativé pres-

- sure coefficlent to follow the theoretical variation may
be due 1n part to the fact that, in compressible flows,
the Inlet-velocity ratio may not be the basic parameter
which accurately delines the 1oca1 flow apgle at the inlet.

m
PV’
reduces to A,/F, the ratio of the area of the stream

tube for mass flow m at free-stream condltions to the
frontal area F,. This parameter oherefore eXpresses the

lip. Knothér perameter the: mass Ilow coeff101ent
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amount that the stream tube mast expand in approaching the
inlet and thereby tends to goevern the local angle of flow
at the lip. Figures 5%(b) and 54(b) present the varlation
of peak negative pressure coefficient with Mach number for
constant values of the mass-flow coefficlent. For low
values of the peak .negative pressure coefficlsnt, little

- difference exists between the theoretical and experimental
variations with Mach number for constant values of V1/Vo

5 ?V . For higher values of peak pressure, the

Yo o .. :
experimental variation with Mach number for both parameters
differs considerably from the theoretical varliation; how-
ever, the variation for a constant value of the mass-flow
coefficient more closely approaches the theoretlcal
variation. : - S

or of

- Comparisons of the critical Mach number characteris-
tics obtained from high-speed data (figs. 53% and 54) and
from extrapolation of Gata obtained at My = 0.50 and 0.30
(figs. 18 and 37) are presented in figures 55 and 56. At
‘high values of inlet-velocity ratio, the measured critical
Mach numbers for both nose inlets are equal to or slightly
greater than the critical Mach humbers estimated from the
tests at 1y = 0.40 and 0.30. For both nose inlets the
knees of the experimental critical Mach number curves
~ocecur at lower values cf inlet-veloclty ratio than those
- of the curves obtained by extrapclation. Below the knees
" of the curves, therefors, the measured critical speeds are
“appreciably higher than %le values obtainsd by extrapola-
tion from - M, = 0.40 and 0.30. The critical-speed data
presented for the series of nose inlets tested are there-
fore indicated to be conservative by a small amount in
the inlet-velocity-ratio range recommended for operation
and by a larger amount for inlet-velocity ratios below
the recommended range. .

External separation.- The pressure distributions pre-
" sented for the nose iniets tested have shown external-flow
separation to occur over certain of the nose inlets at low
inlet-velocity ratios and high angles of attack. The pres-
sure distributions over the nose inlets tested having
values of &/D of 0.0 and 0.50 (figs. 9, 10, and 13

to 16) show no discernible separation through the test
ranges. Certain of the nose inlets having values of 4a/D
of 0.60 and 0.70 (figs. 21 to 25 and 31 to 3L), however,
show severe external separation or stall at the inlet 1lip;
for example, the pressure distributions for the »

NACA 1-70-150 nose inlet (fig. 31) clearly indicate
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separated flow at low values. of inlet-velocity ratio.
Figure 57 shows the critical Mach number characteristics
for the NACA 1-70-150 nose inlet (taken from fig. 35), to
which the curve of Mop has besn extended into the sepa-

rated range. The values of critical Mach number in this
range of 1nlet-velocity ratio "do not have their usual
significance, because the 'flow has separated and the drag
will have reached excessive values even at low: speeds.

The inlet-velocity ratio below which separation occurs
. has Dbeen obtained from flgures similar to figure 57 for
" the varlous nose. inlets tested and the results are plotted
in figure 58. Also shown in figure 58 is a dashed curve
indicating the valus’of VL/V at the knee of the critical

Mach number curves {a = 0°) for the various values of X/D
end 4/D. A nose inlet derived from the selection chert
(fig. L42) will operate at inlet-velocity ratios equal to
or greater than the value given by the dashed curve in
figure 58 for two reagonse: (1) the selectien charts are
based on the knee oi the critica? Mach number curve;
(2) for most cases, the nose inlet will be uelected on the
basis of high- speed condlulons at which the inle t-velocity
ratio i1s a minimum. - The curve of design w;nlmum inlet-
"velocity ratio falls above ths separation curve for all
but the very low values of X/D. .Figure 58 1ndicates,
thereforse, that external separation will not occur, in
- general, for NACA l-series nose inlete designed from the
selection charts in the present peper with the possible
exception of nose inlets having very low values of X/D
T or owerating at very high angles of attack. By means of
figure 58 the approximate -inlet-velocity ratio below which
separation can be expected can be estwmated for an
NACA l-series nose inlet of proportions in the ranges shown.

The vpheromenon shown in figure 57 is of general
interest with regard to investications of s*ecific air-
inlet instAllatwono in which the critical speed of an inlet
may be cdetermined for only one velus of inlet- velocity
ratio. The measured (or estimated) cwiticel sneed may bé
ceceptively bigh if the flow is separuted, qnd,i,ncorrect
conclusions concerning the efficacy of the inlet may
result. Drag measurements and tuft ”upv»y may be useful
in verifying the results »f an lnvcsox ation of cribical
Mach number. In addition, compariso of criticel Mach
number values for several inlet- vploclty ratios will gen-
erally serve to define the flow conditisns. The critical
Mach number will normally incresse or remsin constant with
incréasing inlet~- ve1001ty retio; a decrease in critical
Mach number with increasing Vl/V (fig. 57) generally
Indicates flow separation.
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Internal losses.- Internal total-pressure losses
for the nose inlets tested werc measured at the rake
station (fig. 8) through the ranges of inlet-velocity
ratio and angle of attack. Inasmuch as the diameter at
the end of .the nose-inlet duct and the over-all length
of the nose plus skirt was held constant for all tests,
a corresponding value of diffuser angle 8 existed for
each value of inlet-diameter ratio., For nose inlets
with- d4/D valuss of 0,40, 0,50, and (.60, the values of
diffuser angle were 7.6°, 3.8°, and 0°, respectively.

4L typical total-pressure-loss profile at the rake

- station is shown in figure 59. The total-pressure loss

has been computed as a fraction of inlet dynamic pres-
sure ¢y. The total-pressure losses obtained for the
NACA 1-110-150, 1-50-150, and 1-60-150 nose inlets from.
integration of figures similar tc figure 59 are shown in
figures 60(a), (b), and (c), respsctively. A comparison
of the magnitude of the pressure losses shows the effect
of an increase in inlet-velocity ratio for constant
diffuser angles. ' '

Figure 61 shows the variation of total-pressure loss
with diffuser angle 6 for given values of inlet-
velocity ratio and angle of attack. The advaerse effect
of large diffuser angles is illustrated. Figure 62 shows
the variation of total-pressure loss with angle of attack
for two values of inlet-velocity ratio., This figure
illustrates the increase of total-pressure loss that
occurs at high angles of attaclt for the large values of
diffuser angle.

The integreted total-pressure losses for the
NACA 1-50-150, 1-50-100, and 1-50-050 nose inlets at two
angles of attack are presented in figure 6%. Inasmuch
ag the value of X/D 1is a measure of the radius of
curvature of the nose-inlet profile for a given value
of d/D, comparison of the internal total-pressure
losses for these nose inlets indicates the effect of
external curvature., The large external radius of curva-
ture combined with the relatively small internal radius
is shown by the data for the NACA 1-50-05C nose inlet to
lead to internal separation at high values of inlet-
velocity ratio and angle of attack.

Figure 6l. shows the effects of Kach number on inte-
grated total-pressure loss for the NACA 1-50-150 nose
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inlet. A slight decrease in internal losses cunerally
occurs.with increase in. Mach humber within the range of
teSuS for. this diffuser. - It should be noted that ths

maximum entrance Mach number is abou+ 0. 96 :

Nose-inlet 1ip radig§,~ The 1nternal'11p radius for
the NACA l-series nose 1ndlets tested was maintained
at 0,025Y, the value used in the development tests of
references 1 and 2. - From considerations of VXuernal—
pressure distributions, this nose radius appears to be
satisfactory for the nose inlets having low values
of d/D., For the NACA 1-70- 050 nose inlet, however, the
pressure distributions (fig. 54) show that a sharp local
pressure peak occurs at the lip at low values of inlet-
velocity ratio. The NACA C cowling {fig. L5) also shows
a similar effect. Because the lip radius was very small
for these nose inlets having large values of 4/D, an
increase in lip radius was presumed to be desirable. The
NACA C cowling was therefore tested with the lip radius
increased to approximately twice the original value; the
NACA 1-70-030 nose inlet was tested with a similar -

. increase in 1lip radius and with an added internal fairing
(fig. 6). ' The value of - d/b for these nose inlets was
decredsed from 0.70 to 0.69 by these modifications.

Flguree 65 and 66 present pressure distributions
for the two nose inlets with 1ncreased lip radli Com~
parison of these figures with figures 2l and 45 shows.
that the sharp local-pressure peak wmeasured at the lip
at low values of inlet-velocity ratio has been removed.
The knees of the critical-speed curves (figs. 67 and 68)
are consequently shifted to lower values of Vl/vo’ with

the result that the critical speeds of these nose inlets
are increased in this range. The internal losses measured
for the original and modlfled lip radii were insignificant
throughout the .test ranges of inlet- ve1001ty ratio and
angle of attack. A lip radius somewhat in exces

of 0.025Y therefore seems to be desirable for nose 1n1ets

- of large values of d/D. Referénces 12 and 13 and other
investigations indicate, however, that inordinate
increase° in lip radius can adversely affect the ext@rnal-
pressure distribution. :

Effects of variations in basic profile.-.Three nose

inlets having. % = 0.60 and ‘% = 1,50 and having pro-

files that differ from the NACA l-series profile were
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tested to show the effect of such differences (fig. 7).
The first of these three profiles was derived directly
from an ellipse. The second and third profiles were
obtained by proportional distortion of the NACA l-serics
profile according to the arbiltrary equation

NATEE 1 + K

-— ——— e e

¥ \} + 1’

y!'/Y nondimensional ordinate of modified profile

y/Y nondimensional ordinate of basic profile
(NACA l-series) : :

K arvitrary factor

The two nose inlets tested are designated by the par-
ticular value of tbe ¥~factor used in. their derivation.

- Pressure distributions over the three nose inlets
at a = 09 are presented in figure £9 along with the
pressure distribution for ‘the WACA 1- £0-150 nose inlet.
. The characteristic flst pressure distribution of the
NACA 1-60-150 nose inlet at high values of inlet-velocity
ratio is not found for ths modified noge inlets, Instead,
a pressure peek over the forwsrd portion of the nose
occurs at all valves of inlet- v01001ty ratio; the height
of -the pealr is greatest for the ncse inlet having the
greatest thicxre” near the 1lio,

Figure 70 shows the critical ¥ach number character-
istics for the modified noze inlets. An inlet-velddity-
ratio range for constant critical speed, which is
characteristic of the NACA l-seriés ncse inlet, does not
exist for the modified nose inlets. The cri l“dl speed
decreases with decrease in inlet-velocity ratio through
the entire range. The critical fach number curves are
compared (at a = 0°). with those for the KaCi 1-60-150,
1-60-100, and 1-60-075 nose inlets in figure 71. The
comparison shows that the rate of accrpase of critical

Y

Mach number for the modified aorcs ig lower than the rate

b

the NACA l-series nose inlets. The critical speeds for
the modified nose inlets, hcwever, are lower than those
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of the NACA l-series nose -inlets cf comparable:maximum

‘critical sneed, excent at very -low values of inlet- -

velocity ratio beyond the renge wherein the comparable
NACA l-series nose inlets are designed to operate.

These tests show that deviations from the
NACA l-series profile that cause appreciable departure
from the characteristic flat pressure dlstribution can
cause important reductions in critical speeds. The

NACA l-series ordinates, which have been shown to approach

closely the optimum from the standpoint of critical speed,
should be accubately applied in order to realize the
optimum characteristics. : : ’

Rffect of variations in fireness ratio.- In order to
investigate the effesct of varying the fineness ratio of
N - £ A A 2
the test body, the NACA 1-860-100 and 1-60-050 nose inlets

-

were tested with and witnout cylindrical skirts. (The

test bodv, however, as shown ia fig. &, still retained a
J 9 3 b4

cylindrical length of 2 diemeters.) The finensss ratilo
of the body was decreased by 9 and 18 percent for the
NACA 1-60-100 and 1-60-050 nose inlets, respectively.
The effect of these changes on criticai-speed character-
{stics was found to be negligible., Comparison of the

eritical speed of the NACA C cowling as measured on the

Lig

test body of the present report and on a nacelle in

‘peference 1 substantiates this finding. The over-all

fineness rations of the test body and racslle were 5.5
and 2.1y, respectively. The critical speeds measvred for
the WACA C cowling agree clossly with the critical speeds

measured in the tests of reference 1. The critical speed

of the nose inlet therefore apnears te be essentially
independent of the over-all finensss ratio of thes body.

Tt should be noted, however, that this conclusicn is based
on tests of nose inlets which employed an appreciable
length of cylindrical afterbody; other types of afterbody
may appreciably affect the critical-spesd charactsristics.

SUMMARY OF RZSULDS

An analysis of the noseeihlet shhapes developed in

-previous investigations to represent the optimum from

the standpoint of critical ‘spsed has shown that similarity
exists between the nondimensional profiles of inlets
which have widely different proportions and critical
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speeds., With the nondimensional similarity of such pro-
files established, the large differences in critical

spesds of these nose 1n]ets must hé a functidén of their

proportions, :

The nondimensional ordinates of the B nose inlet,
which' were developed in a previous 1nve<tloatlon to be
optimum from the standpoint of critical cpoed were
extended and modified slightly to improve the fairing.
These ordinates, now designated the NACA l-series, were
- then applied to a group of nose inlets involving a sys-
tematic variation of proportions. 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.l.. Tests of representative nose inlets were carried
to high speed (& maximum Mach numker of O, 7). Pressure
distrl Sutions and critical ‘Mach number characteristics
are presented for eachi of the nose inlets tested. The
results of these tests show that the length ratio (rati
of length to maximum dlameter) of the nose inlet is the
primary factor governing the maximum critical speed. The
effect of inlet-diameter ratio (ratio of inlet diameter
to maximum diameter) on critical speed is, in general
secondary; but this ratio has an important function in
4governwng the extent of the inlet-=vslecity-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 arrangsd in the form of design
charts from which NACA l-series nose-inlet proportions
can he selected for gvven values of critical Mach number
and air-flow quantity. BExamples cf nose-inlet selec-
tions are presented for a typical 1eu4“ropuls¢on instal-~
lation (critical Mach number of 0.83) and. for tw
conventional radial-engine installations (critical Mach
number of 0.76). ‘

The selection charts and NACA l-series ordinates
have been shown to he applicable to the design of cowlings
with spinners and to the design of high-critical-speed
fuselage scoops. The poesibility of application of the
NACA l-series ordinates.to the experimental development
of wing inlets 1s 'also indicated.

'Langley Memorial Aeronautical Laboratory
* National Advisory Committee for neronautics
Langley Field; Va.
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TAELE I
NACA 1-SERIES ORDINATES

[orainates in percent]
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Xz (%) D : NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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d
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For T :o.ozs*{:wz:D d:L_'D_

2.05 2.05

x/X Y /X y/Y x/X Y x/X /Y
0 -0 13.0 41.94 34.0 69,08 60.0 89.11
-2 4.80 14.0 43.66 35.0 70.08 62.0 90.20
- 6.63 15.0 45,30 36.0 71.05 64.0 91.23
6 8.12 16.0 46 .88 37.0 ?2.00 66.0 92.20
«8 9,33 17.0 48.40 38.0 72.94 68.0 93.11
1.0 10,38 18.0 ! 49.88 .39.0 73.85 ©70.0 93.95
1.5 12,72 19.0 51,31 40.0 74.75 72.0 94.75
2.0 14.72 20.0 52,70 41.0 75.63 74.0 95,48
2.5 16.57 21.0 54,05 42.0 76 .48 76.0 96,16
3.0 18.31 22,0 55,37 43.0 77.32 78.0 96.79
3.5 19.94 23.0 56 .66 44.0 78.15 20,0 97.35
- 4.0 2] .48 24.0 57.92 45,0 78.95 82,0 97.87
4.5 22.96 25.0 59.15 46.0 79,74 84.0 98,33
5.0 24.36 26.0 60,35 47 .0 80.50 86,0 98,74
6.0 27.01 27.0 61,52 48.0 81.25 88,0 99.09
7.0 29.47 28.0 62,67 49,0 81,99 90.0 99.40
- 8.0 31.81 29.0 63.79 50.0 82.69 92,0 99.65
9.0 34.03 30.0 64.89 52,0 84,10 94,0 99.85
10.0 36.13 31.0 65,97 54,0 85.45 95.0 29.93
11.0 38.15 2.0 67.03 56.0 86.73 98.0 99.98
. 12.0 40.09 33.0 68,07 58.0 " 87.9% 100.0 100.00

Nose radius: 0,025Y
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Fig. 1% NACA ACR No. L5F30a
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Figure 15.- Pressure distributions over the NACA 1-50-100
nose inlet. M, = 0.40.
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Figure 16.- Pressure distributions over the NACA 1-50-050

nose inlet. My = 0.40.
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Fig. 23 NACA ACR No. L5F30a
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Figure 23.- Pressure distributions over the NACA 1-60-100
' nose inlet. M, = 0.40.
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Fig. 24 NACA ACR No. L5F30a
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Fig. 25 NACA ACR No. L5F30a
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Fig. 28 NACA ACR No. L5F30a
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Fig. 43 NACA ACR No. L5F30a
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NACA ACR No. L5F30a - Fig. 57
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NACA ACR No. L5F30a ' Fig. 65
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