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" For some years the NACA has hLad in operation a continuous
regearch program on air inlets. The most recent developments and .
applications of the nose inlet work will be presented in this paper.
First, however, soms of the past work will be briefly reviewed
because of its importance as background.

The basis of much of the high—critical speed inlet work
originated with the development of NACA cowl "C" and nose "B" .
‘(references 1 and 2). These two inlets worg derived on a basis
similar to that for optimum criticel speed airfoils: namely, a
flat pressure distribution with no pressure peaks. It was found
that although these two inlets were of greatly different proportions
and eritical speeds, the basic ordimates were essentially identical.
The ordinates were consequently applied to & large family of nose
inlets which were tested at medium and high apeeds to determine the
effects of proportions. The results were published (reference 3)
in the form of design selsctilon charts, a simnllfied version of
which is shown in flgure 1,

- The selection procedure 1s shown by the arrows, starting at

the bottom with the desired value of mass flow coefficient and
‘proceeding vertically to the velue of critical Mach number decsired,
the 4/D or entrance dismeter ratio is obtained. Continuing to

the top of the chart, the X/D or length ratio is cbtained.
Application of the- l—series ordinates to those proportions yields

a nose inlet of the required characteristics. Sample selections are
shown for three values of critical Mach number and show that the
higher critical Mach mumbers involve cowlings of greater length.

These NACA l-8eries cherts are directly applicable to the
design of open-nose inlets and were used in the design of the )
" external 1linés of the D-558 airplane installation, The cherte are .-
also applicable to the design of rotating cowlings, such as the
NACA "E" cowling (reference h). _ o
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In eddition, the applicability to the design of a protruding
fuselage scoop has been demonstrated and reported in an NACA paper
(reference 5) Recent tests of NACA l-series cowlings with
~ protruding propeller spimners (reference 6) have corroborated an
analysis Included in reference 3 by showing that the effects of

spinners of reasonable size are small and predictable, and that
. cowlings for. nrooeller—driven aiyplanes can be designed from
NACA 1~series data._ /



: The spinner shape hag been fhund to have importent effectg upon
the flow into a cowling (reference &), It is usuelly desirsble to
admit air at a low value of inlet velocity ratio, since externsl
compression is accomplished at an efficlency of one-hundrsd percent,
while internal compression is accomplished at a somewhat lower value.
At values of inlet velocity less than unity, an adverse pressure
.gradient exists into which the spinner boundary layer must advance.
This pressure gradient, coupled with the pressure field of the
spinner, may be sufficlent to separate the flow at a relatively high
value of inlet velocity ratio, thus making it impossible to obtain
stable inlet flow with low losses at low values of inlet~velocity
ratio. DPressure distridbutions measured without propeller on two
gshapes of spinners ahead of a l-geries cowling operating at a medium
value of inlet-velocity ratio are shown In figure 2., The curved
spinner was designed using the l-seriss inlet profile and 1s
approximately elliptical in gection. The conlical spinner i3 a
straight-sided cone shead of the inlet. The spinner with the curved
surface evinces a higher peak pressure and a congequently greater
adverse pressure gradient ghead of the inlet than does the conical

spinner. . hE

The effect of this gradient on spinner boundary leyer is shown
in the right helf of figure 2. As the 1inlet velocity ratio is
decreased, an ebrupt increase in boundary layer thicknmess, indicating
gseparation, occurs for both spinner shapes. The inlet velocity
ratios for separation are of the order of 0.53 for the curved spinner
end approximately 0.12 lower, or O. 41, for the ceonical. Tt is
~ believed that the permiss;b}eiyglue of inlet—velocity ratio can be
- still further lowered by modifying this conical spinner, If the
cone angle 1s Increased, for example, the pressure gradient cen be
expected to further diminish,vthus permitting a lower value of
Inlet—velocity ratio to be obtained before separation occurs.

With regerd to the general effect of spinners on the critical
speed of cowlings, an extension of work by Ruden and Kucheman in
Germany has provided an interesting analysis. The theory conslders
the average forces (obtained by integration of surface pressures)
on the cowling and splnner and states that the aversge force on the -
cowling plus the average force on the spinmer, if present, is equal
to the change of momentum of the air entering the cowling.
Simultaneous sclution of.equetions for the conditions with and
without a spinner gives the spinner force required for zero effect
upon. the critical Mach number of the cowling. A plet of this
spinner force or pressure against inlet-velocity ratio is shown in
figure 3. Values above this line indicate a decreased critical Mach
number due to the spinner. Variations of average spinner pressure
with inlet-velocity ratio obtained by integrating measured pressure
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distributions are shovm for the conical and curved spinners of.
reference 6. The intersection of the curves shows the velues of -
inlet~velocity ratio béiow which the particular gpinner can be
uged without affecting the cowling critical Mach number. This
figure shows that the plain conical spinrer can be used in the .

low inlet-~velocity ratio range whore its use is desirable from the
standpoint: of boundary-layer separation. The curved spinner
chould be used for medium volues of inlet—velocity ratlo, but its
use, at least in the "short” condition, appesrs to be limlted to
values of the order of 0.6.

- The eflect of uasing a conical spinner at too high a velue of
inlet-velocity ratio 1s shovm in the pressuwre dlstribution on the
right of figure 3. A peek is produced at the lip by the conical
spinner, whereas the curved spimner has virtually no effect upon
the flat cowling sressure distribution at this velue of Vy/V,.

The conical spinner showﬂ.in filgures 2 and 3 remains conical to
the inlet, making the transition to axiel aft of the inlet. It has
been found from experimental data that the principal influence of
the inlst extonds to & distance lp to 2 times the inlet height ,
shead of the Inlet for spinners o? roagonable size. It therefore
appears probaeble that a curved surface might be uced in this-
reglion to bring the spinne* surface axial at the entrance with
little or no adverse effect upon the pressure gradient. The
edvantege of this is that a spinner of smaller maximum-diameter
is obtained for given propeller hub clearances. Also, the more .
exial flow at the entrance may have less tendency to produce
pressure peaks at the cowling 1lip. ;

The problem of designing air inlets for transonic military -
airplanes is. complicated by simple militery requirements such as.
good visibility downward and space in the noge of the alrplane
for ermement. These two requirements in scme cases tend to rule
out the nose inlet, which usually represents the optimum from the
stendpolnt of rressurs recovery at the inlet, and make necessary
soms sorf of fuselege side inlet, with suffic*ert fuselage volume
ghead of the iniet to house the pilot and armement. The problem
which exis’s in the deslgn of any such configuration is that the
fuselage zhead of the inlet must be shock—lrse in ordsr to avoid
shock--separated flow into the air intake. This means that, for a
transonic airplane, the flow velocltles on the fuselage ahead of
the inlet must be subgtream. A theoretical anslysis showed that in
order to obtain the required substream velocitied, the fuselage

- forward of the inlet must be very nearly conlcel in shape. In

figure 4 1s shown such a configuratlion which hes been tested at
low speeds (reference 7). It consists of an NACA l-series cowling,
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an approximately conical nose, and two canopies whose gections are
approximatsly wedge-shaved forward of the inlet. The low—speed
teats shcowed that substream velocities are obtained ahead of the
inlet on all surfaces, thus indicating that shock-free flow can be
obtained up to a Mach number of 1.0. Above a Mach number cf 1.0, a
small shock, first unettached then conical, can be expected to
compress the flow on the cone to subsonic up to flight Mach numbers
of the order of 1.2. This conflguration therefore zppears to have
characteristics which merlt conaideration for transcnic military -
alrcraft.

In all of the foregoing meteriel, the critical Mach number is
defined in the usual fashion: the Mach number at which sonic
velocity 1s flrst attalined at some peint on the surface of the
body. TRumerous tests of alrfolls have indicated this criterion to
be conservative by showing that clearance exlsts between critical
Mach number and the Mach number at which significant changes cccur
in the aerodynamic forces. A similar clearance might reascnably
be expected in the case of three—dimenszional bodieg. The amount of
clearance available and the nature of the suvercritical drag rise
are of conslderable interest with regard to transonilc aircraft.

A preliminery investigation now underway at the
langley 8-Poot high—eresd tunnel has provided scme informetlon on
this subject. The results of the tests of one fuselage shape are
shown in figure 5. Tho body consists of an NACA 1-50-100 nose
inlet one diameter in length, & cylindrical center section four
diametsers in length, and a tail section three diameters in length,
making an overall fineness ratio of eight. The model was supported
by a sting at the tail, with provisions for ducting the intermal
flow through the sting. The drag of the model wes measured by a
wake survey rske located on the sting as shown 1n the figure.

The drag curve for the body at a = 0o 1s shown 1n the lower
left portion of figure 5. The measured critical Mach number is
about 0.8, very close to that predicted by low speed data and from
the design chart shown previocusly. At a Mach number 0.05 to 0.07
above the critical a slight drag rise appears, which continues to
increase very slowly up to the highest test Mach number, 0.93 '
where the drag coefficlent reaches a value 27 percent above the
lowest value obtained. _

- Some explanation of the cause of this drag rise and the reason
for its small magnitude is found by examination of the pressure
'distributions and the wake profiles.

~
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Pressure distributions are shown for three Mach numbers:
0.6, 0.8 (approximately the critical Mach number), and 0.93, the
highest Mach number obtained. For the last case, a large area of
supersonic velocitles 1is shown to exist, followed by & shock of
conaiderable pregsure rise. The pressure recovery at each Mach -
number 1s, however, essentially identical over the cylindrical
gectlion and ‘at the tail of the body, indicating that no significant
gseparation has occurred. -

The wake profile (right half of fig. 5) plotted as point drag
coefficient against distance from the surface of the body, also -
' shows no significant separation. Insteed a moderate thickening of
the boundary layer is shown to occur. A direct shock loss is also
measured Just outside the boundary layer but is tco small to be
geen on the plot shown.. The contridbution of this aree to the total
drag 1s therefore negligidle,

In conclusion: Data are available for the design of various
types of nose inlets, including cowlings with propeller spinners;
Also, a type of fuselage side inlet which appears useful through
the‘transonic renge has been developed. Tests of a nose inlet at
supercritical speeds have shown that, as in the case of airfoils,
significant clearance exists betwsen the criticel Mach number and
the Mach number at which a drag rise occurs. The moderate drag
rise which occurs up to a Mach number of 0.93 is due to thickening
of the boundary layer by the increased adverse pressure gradient
rather then to direct shock losses and shock—induced separation.
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