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RESEARCH MEMORANDUM

A IOW-SPEED INVESTIGATION OF AN ANNULAR
TRANSONIC ATR INLET

By Merk R. Nichols end Donald W. Rinkoski
SUMMARY

A special problem ls sncountered in the application of fuse-
lage scoops to a trensonic airplsne in thet compression shocks
must be avolded on the surfece of the fuselage sheead. of the air
inlets to prevent boundary-layer separation which would result in
unetable Inlet flow and losses in ram. However, subsonic flow can
be mainteined on the fuselage surface shead of sen annwler Inlet
up to flight Mach nunibers of ebout 1.2, thereby avoiding shocks
in this region through both the subsonic snd the transonlc Tflight
regimos, providing that the fuselage forward of the inlet is a
cone of the proper proportions. The present invesbigation of this
type of inlet was conducted at low speeds in the Langley propsller~
research tunnel in order +to obtain some indication of the basic
characteristics of such inlets.

Two theoretically-designed cone-type fuselage noses of 4if-
ferent spex angle and one oglvel nose were tested in conjunction
with an NACA 1-35-050 cowling which was also tested in the open~-
nose condition. Surface pressures and inlet total pressures
were measured at the tops of the test configurations for wide
ranges of intet-velocity rabtio and angle of atback.

The results of the investigation show that substream
velocities were melintalned on the three fuselage noses over the
renges of angle of attack and inlet-veloclty rablo useful for
high-speed flight. At an angle of attack of 0°, boundary-layer
geparation from the nosmes was not encountered over this range of
Inlet-velocity ratio. At and above its design inlet-veloclty
retio, the NACA 1-85-050 cowling used as the basic Inlet had
approximately the same critlcel Mach numbers with the various
noges installed as when tested in the open-nose copdition; thus,
data for the NACA l-series noss inlets can be used in the desien
of installations of this type. At very high values in Inlet-
veloclty ratio, the high negative pressure pealks encountered on

the 1nner portion of the inlet lip caused the internel flow to
sepearate.
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INTRODUCTECON

The use of fuselage scoops offers several important edvan-
tages in the arrangement of a fighter-type alrplane. First, the
ducting to the engine mey be made as short as possible; second
good. visibility may be obtained by locating the pilot eheoad of the
inlets in & thin section of the fuselage; third, the gun installa-
tlone may be located in the nose where they will not interfere with
the eir Inltets or ducting; and fourth, the directional stability
may be lmproved by reducing ‘the lateral area forwerd of the center
of gravity.

A special problem is encountered in the applicatlion of fuse-~
lags scoops to a transonic airplene in that compression shocks must
be avoided on the surface of the fuselage ahead of the air Inlets
to prevent boundary-layer separation which would result in unstable
inlet flow and losses in ram. This condition cen be fulfilled only
by maintaining the velocity of the flow on this surface at subsonic
values throughout the speed renge of the airplene. It appeers
thet if the fuselage forward of the inlet ig a cone of the correct
apex angle, the desired subsonic velocities will be maintalned on
its surface up to Mach numbers of about L. 2, with low total-pressure
losses, and the inlet lip at the base of ths cons will operate
esgentially in the subsonic regime .

Because of the great interest in these inlets and the dif-
ficulty of deteiled transonic testing at adequate Reynolds
numbers, a preliminary study of such designs has been made at
low specds in the Langley propeller-research tunnel as a part of
the current NACA sir-inlet research. Obviously meny important
phenomene. assoclated with compressibility were thereby not observed;
however, it was considered that the study wouwld indicate many of
the basic charecteristics of such inlets. In the present paper
are reported studles of the pressure distributions and inlet-flow
conditions for ennular inlets conslsting of an NACA l-series nose
inlet (refersnce 1) around twod theoretically-designed, cone-type
noses of different apex angle and one ogivel nose, together with
comparlgon tests of the inlet in the open-nose condition. A
subsequent report will describe tests in which a cenopy and wheel-
well fairing wore added +to the test model ‘o provide a twin~side-~
scoop conflguration applicable to a fighter-type airplane.

SYMBOLS

Ay inlet area, 1.12 square feet

D maximum diameter of cowling, 27.25 inches


http://www.abbottaerospace.com/technical-library

Security Classification of This Report Haer-Beensdbarcebded

. NACA RM No. LEJOk 3
) h height of inlet, 2.47 inches

H total pressure, pounds psr square foot

Moo predicted cri't.;ica.l Mach number

P statlic pressure, pounds per sguare foot

Po static pressure of free stream, pounds ﬁer square foot

4, " dynamic pres.sure of free stream, pounds per sq,ﬁa.re fo-c_et.-

u “local velocity at point in boundary layer, feet per second.__.-

Vi average veloclty of flow at inlet, feet per second
Vo veloclty of free stream, fest por second
' x horizontal dlstence from stetion O (mee fig. 2), inches
. o angls of attack of center line of model, degrees
B 'bound.ary-la&er thickness, the normal distance from surface
E - p,

to point where = 0.98, inches

%
MODEL AND TESTS

General views of the model are shown asg figure 1; line
drawings of the three amuvlar-inlet coni‘igura'bions and coord.inates
of the "curved" nose and of the NACA 1-35-050 nose inlet used in
conjunctlion with sach of the fuselage noses are glven in figure 2.
The three fuselage nosses hed the same meximum dlamster at’ the -inlet.
The “short" conical nose hed an apex angle of 19° and a ratio of
length to diameter of about 3, while the "long™ conical nose had
an apex angle of 14C and a ratio of length to diameter .of approxi-
mately 4. The curved nose which had approximately the same length
as the short conicel nose was dssigned to o'b‘bain increased volume
within the nose; its nose angle was ebout 32°.

A schemetic drawing of the body of the modsl showing the
arrengement, instrumentation, and principel dimenaions 1s presented
asg figure 3. The internal-flow system included an axial~-flow fan
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which was necessary to obtain the higher inlet-velocity ratios.
Flow control was obtalned by varying the speed of the motor and
the position of the shutters. The quantity of internal flow was
measured by mpans of rakes of total~ and static-pressure tubes at
the throat of the venturli and at the exit of the model.

Surface pressures were measured by means of 1l to 15 flush
orifices distributed along the top center line of each nose and
g2l orifices installed in the top seoticon of the inlet lip. Total
pPresswres in the boundary layers of the several noses at the
entrance station were meesured by the use of a removeble raks of
nlne 0.030-inch-diameter steinless-stesl tubes with ends flattened
to form openings about 0.005 by 0.05 inch. Pressure recoveries
in the flow adjacent to the imner surface of the top section of
the inlet lip weore measured by iwans of the ralke of five 1/16 inch-
diameter total-pressure tubes shown Iin figure 3. All pressures
wore recorded by photographing a mmlitlitube manometer.

The three annuler -inlet configurations were tested over the
angle ~of -attack renge from -2° to 60 at inlet-velocity ratios
ranzing from O.4 to 1. 5, while the open-nose cowling was investi~
gated over the engle-of -attack range from 0° to 6° at inlet-
velocity reatios ranging between 0.3 and 0.9. All tests were
conducted at tunnel speeds of from 70 te 100 miles per hour; the
latter value corresponds to a Mach number of 0.13 and a Reynolds
number of about 2 million based on the maxlimum cowling diameter.

RESULTS AND DISCUSSION

The resulte of the present investigation are dlscussed in
three sectlons which deal aseparately with surface pressures on
the noses, surface pressures on the inlet lip, and f£low condi-
tiona at the inlet.

Surface pressures on noses.-~ Static-pressure distributions
over the top external purface of the three inlet configurations
are presented in figwres 4 to 6.

The static-pressure distributions over the short conical-nose
configuration at an angle of attack of 0°, figure h(b), show thet
aubstream velocities were obtained over the entire nose for low and
medium values. of inlet-veleccity ratic. The effect of increasing
the inlet-velocity ratio was to ralse the velocities on the surface
of the nose; however, theose increasses were very small except within
one ~helf cowling dlameter ahead of the inlet. Superstresam velocitles
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occurred at the inlet at inlet-velocity ratics 2bove approxi-~
metely 0.9. - The surface pressure on the nose at the inlet vas
always mors negative than the corresponding velus that could be
estimated from the inlot-velocity ratic beceause the inlet-velocity
distribution was nonuniform due to the boundery layer on the nose |
end to” the pressure field. of ths Inlet lip.

The more important effect of increasing the angle of attack
of the model with the short conical nose was to increase” (at the
top of the nose) the extent of the superstream veloclty fiseld
ahead of the inlet for inlet-velocliy ratios above spproximately 1.1l1l.
Small decroases were effected in the local velocities on the top
of the nose at the Inlet; presumably, as indicated by the data for
the top of the nose for o = -2°, corresponding small incresges
were offected in the local velocitles at the botbtom of the noss.

- Velocitles over the forward portion of the long conical nose,
although substrear:, wore slightly higher than those for the short
conical nose. (Compare figs. 4 =nd 5.) - This condition caused
some increases in the extent of the superstream veloclty fields

v ahead of thé inlet Ffor the higher inlet-velocity ratios. At values
of inlet-velocity ratlio below unity, however, conditions at the
section immediately in front of ths inlet were essentially. the

: -seme as Those for the short nose.

The introduction of curvature to the sides of the short nose
caused deoréases in the surface veloclties well forward on the
nose, but also .resulted in the formation of a mlnlmum pressure
pea.k located 0.5 to 1.0 cowling dlameters shesd of the Inlek.
(Compare figs. & and 6.) The surface veloclties in the latter
reglon were- approximately Pree-gtreen values at an inlet-wvelocity
ratio of 0.9 at an angle of atteck of 0°. However, at the usual
high-speed inlet-velocity retios, superstream velocitles did not
oocur within the useful rangs of angle of attack. Surface velocitles
at the inlet of the curved-nose configuration, in general, were
slightly lower than thoee for the conical.~-nose conflgurations at
eny given value of inlet-velocity ratio, proba'bly Pecause of the
improved. alinement of the entering flow

The ‘following teble presents the maximum valuss of :Lnle'b—
velocity ratlo for which substrean velocitlies were ms.inta.ined. on
the three noses at angles of attack of 0° and 2°:

Nose ) o = o°® ct.'= 2%

. Short c¢ons . 0.88 0.83
Long cong - - .93 W87

Curved .91 i .73
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For o = 2°, +the above maximm values were determined in the case
of the two conlcal noses by the pressures on the bottom surfaces
et the Inlet, and In the case of the curved nose by the pressures
on the top swrface of the nose well forward of the inlet. These
veloclty ratios exceed the usual design values for high-speed
flight; thereby indicating the feasibility of this type of inlet
for a transonic airplans. The criticel Mach number cheracteristics
of the top, surfaces of the three noses (predicted by the use of

the von Karmén relationship, refersnce 2, and qualified by the fact
that some of the higher inlst-velocity ratios are uncbtainable in
the high-speed flight conditions due ‘o choking of the inlet) are
presented in flgure 7 for the range of Inlet-velocity ratioc over
which superstream surface velocitles occuxrred.

Surface pregsures on inlet lip.- The pressure dlstributions
over the external surface of the 1ip of the ammular inlets
(figs. 4 to 6) were essentially similar to those for the basic
open-nose cowling (fig. 8), and were characteristic of those
for the NACA l-series nose inlets in that they were falrly flatbt
at and above the inlet~veloclty ratlos which were required to
prevent the occurrenca of a negative pressure peak et the leading
edge. The predicted critical Mach number characterlstics for
this surface are shown in figure 7 as a functlon of the inlet-
velocity ratlo for angles of attack of 0° and ho, and are comparod
in figure 9 at o = 0° with corresponding data for the NACA 1-85-050
open-nose cowling. Thils comparison shows that at and above its
design inlet~velocity ratioc (that is, beyond the "lmee" of the
curve) the basic inlet had approximately the sanme critical Mach
numbers with the wvarious noses installed as when tested in the
open~-nose condition. Below the deslgn point, the critical speeds
for the lip of the annular-inlet configurations decreased more
gradually with descreases in the inlet-veloclty ratloc than did those
for the open-nose cowling, probably beceuse the presence of the
noses improved the alinement of the entering flow. (See fig. 8.)
The curved nose produced e higher critical speed on the inlet lip
than did the conlcal nomes over most of the range of Vi/Vo for

the same reagon. The flow appeesrs to have been meparated from the

Vv
lip of the open-nose cowling at 6; = 0.3 becaunse of the high

(o]
effective angle of attack of the lip.

The foregoing resulte indicate that satisfactory lips for
this type of inlet can be designed by application of existing data
for the NACA l-series nose inlets; the desien charts of reference 1
cover the selectlon of these Inlets for critlical Mach nurbers as
high as 0.9. In the use of these date it should be noted that the
critical Mach number is defined as the Mach number at which sonic
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valoclty 1s attained on the surface of the nose inlet. Tests of
alrfoils and streanlined bodies indicate that the Mach number at
which shock separation and ebrupt drag incresses taks place is some-
what greater than the critical Mach number.

Static-pressure distributions around the top section of the
inlet 1lip, filgure 10, show that negative pressure coefficilents
occurred on the inside of the lip at inlet-velocity ratlios gbove 0.9
at an engle of attack of 0°. Beoth decreases in o and further
increase in Vy/V, caused rapid increases in the values of these

negative pressure coofficients; the internel flow therefore might
be oxpected to separate Trom the lower lip of the inlet in the
climb condition in which combinations of high values of Vi/'V'o
and o are encountered. This resulit, together with the fact that
the critical Mach nwibers for this swrface were lower than those
for any other component of the inlet at high values of Vy/V,
(Pig. 7), stresses the nscessity for the experimental development
of less sensitive inner-1lip falirings.

Flow conditions at inlet.- Total-pressure and velocity

distributions in the houndary leyers of the three noases at the

inlet are presented in figuwes 11 and 12, respectively. The pro-
files are typical of those for turbulent flow. Decreases in the
inlet-velocity ratic caused repid increases in boundary-lager
thickness because of the resulting increases in tho adverse pressure
graedient in front of the inlet. Extensive pressure fluctuations

et the recording menomster furnished en indication that the boundary

v
layers on the three nomes were unsteble ab 5_1'- = 0.4; the sample
o
total-pressure and velocity profiles contained in Pigures 11 and 12
show that the flow was either aeparated or on the verge of ievaration
from the swurfece of the two conical noses for this test condition.

The houndary-layer thiclmess & and the ratio of this thick-
ness to the inlet height S/h are presented in figure 13 as a
function of the Inlet-velocity ratio. The houndary-leyer thick-
nesses for the short conical nose and the curved ncose were of the
same order over most of the Vy/V, range, and were about 19 percent

of the inlet heilght for a typical high-speed inlet-veloclty ratio
of 0.7 compared to about 32 percent for the long conical nose. As
the high-speed inlet-~velocity ratio for an installation of this
type probebly would not be less than 0.6, the boundery-layer insta-
bility and flow separation mentioned in the preceding naragraph
probebly would not be encountered except in the dive condition with
the ongine throttled.
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Total pressure recoveriss in the outer half of the inlet
ammulus at the top of the modsl are shown in figure 1lk. The losses
for low inlet-velocity ratlos. which increased repidly with angle
of attack, were caused by the smeparated boundery leyer on the noses.
(See fig. 11 for inner portion of boundary layer profiles for o = 0°.)
The losses for high inlet-velocity rabtios and low engles of attack
were caused by separation of the flow from the inner Ffairing of the
lip due to the negative pressure peaks shown in figure 10; as
separaticn from the lip at the bottom of the inlst would be
egpeclally severe in the climb condition, this result again stresses
the necesgity for further development of inner-lip fairings for
use at Inlet-velocity ratios greater than unity. For anglea of
attack between -20 and 209, the flow did not separate from elther the
inlet 1lip or the noses of the three conflgurations for inlet-
velocity retliog between 0.7 and 1.0. The short conicel nose appeared
to have a somowhet wider separation-free operating range of Inlet-
velocity ratio than did the other two noses.

SUMMARY OF RESULTS

A low-spoed investigation has been made of three transonic
fuselage-inist installations desicned to maintein subsirean
velocitlies on the body ahead of the air inlets. The more important
results and conclusilons of this investligation are surmarized as
follows:

1l. Substream velocities werc maintalned on the three cone-type
fuselage noses over the ranges of angle of attack and inlet-velocity
ratio useful for high-speed flight.

2. The thicknesses of the boundary layers on the short and
long nosss were about 19 and 32 percent of the inlet height,
regpectively, for a typlcal high-speed inlet-veloclty ratioc of 0.7.
Boundary-layer separation wes nobt encountersd at an angle of attack
of 0C over the range of inlet-velocity ratic useful for high-speed
filight.

3. At and above its design inleb-velocity ratio, the NACA 1-85-050
cowling vused as the basic inlet hed approximately the same critical
Mach numbers with the various noses instelled as when tested in the
open~nose condition. Below this design poilnt, the critical speseds
for the inlet lip of the annular-inlet configurations decrecsed
more gradually with decreases in inlet-velocity retio than did those
for the basic cowling. Thus, deta for the NACA l-series nose inlets,
which cover the range of critlcal Mach number up to 0.9, can be used
in the design of installations of this type.
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L. At very high velues of inlet-velocity ratio the high nega-

. tive pressurs peaks encountered on the inner portion of the inlet
1ip caumed the internel flow to seperate. This result stresses the

necessity for the development of less sensitive inner-lip fairings

for inlets which opsrabte at inlet-velocity ratios exceedling unity.

Leangley Memorial Asronautlcal Laboratory
National Advisory Commlttee for Aeronsutics
Langley Fleld, Va.
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Figure l.- General views of the model with the three
annular inlet configuratlons.
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