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A IOW-SPEED INVESTIGATION OF AN ANNULAR
TRANSONIC AIR INLET

By Merk R. Nichols end Donald W. Rinkoski
SUMMARY

A special problem 1s encountered in the application of fuse-
lage scoops to a transonic airnlsne in that compression shocks
must be avolded on the surfaece of the fuselage sheed. of the air
inlets to prevent boundery-layer separation which would result in
unstable inlet flow and losses in ram. However, subsonlic flow can
be mainteined on the fuselage surface shead of san annwler Inlet

s up to flight Mach nunbers of gbout 1.2, thereby avoiding shocks

in this region through both the subsonic and the transonlc flight
rogimes, providing thet the fuselage forward of the inlet is a

cone of the proper proportions. The present investigation 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 theoretlicalliy-designed cone-type fuselage noses of 4if-
ferent spex angle and one ogival nose were tested in conjunction
with an NACA 1-35-050 cowling which was also tested in the open-
noge condition. Surfaece pressures end inlet totel pressures
were measured at the tops of the test configurations for wide
renges of Inltet-velocity rablo and angle of atback.

The results of the investigation show that substream
velocitiss were maintained on the three fuselage noses over the
renges of engle of attack and inlet-velocity rabtio useful for
high-speed flight. At an angle of attack of 0°, boundary-layer
separation from the nomes was not encountersd over this rengs of
Inlet-velocity ratio. At and above its design inlet-veloclty
retio, the NACA 1-85-050 cowling used as the basic Inlet had
spproximately the seme critlical Mach numbers with the various
noses installed ag when tested in the open-nose copdition; thus,
data for the NACA l-series noss inlets can be used in the design
of installations of this type. At very high valuss in Inlet-
veloclty ratio, the high negative pressure peals encountered on

the inmer portilon of the inlet lip caused the internel flow to
sepearate.
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INTRODUCTECN

The uge of fuselage scoope offers several important advan-
tages in the arrengemsnt of a fighter-type elrplane. Flrst, the
ducting to the engine mey be made as short as possible; second,
good. visibility mey be obtained by locating the pilot aheed of the
inlets in & thin sectlon of the fuselage; third, the gun installa~
tions may be located in the nose where they will not interfere with
the elr inlets or ducting; and fourth, the directional stabllity
may be lmproved by reducing the lateral area forwerd of the center
of gravity.

A aspecilal problem is sucountersed in the application of fuse-
lags scoops to a transonic airplans in that compression shocks must
be avolded on the surface of the fuselage ahead of the air Inlets
to prevent boumndary-layer seperation which would result in unstable
inlet flow and losses in ram. This conditlon can be fulfilled only
by maintaining the velocity of the flow on this surface at subsonic
velues throughout the spsed range of the airplane. It appears
thet if the Pfuselage forward of the inlet ig a cone of the correct
apex engle, the desired subsonic veloclties will be maintalned on
its surface up to Mach numbers of about 1.2, with low total-pressure
losses, end the inlet 1lip at the base of ths cons will operate
esgentially in the subsonic regime.

Because of the great interest In tlsse inlets and the dif-
ficulty of deteiled transonic testing at adequate Reynolds
numbers, a preliminery study of such designs hasa been made at
low speeds in the Langley propeller-regearch tumel as & part of
the current NACA air-inlet ressarch. Obviously meny lmportant
phenomens. assoclated with compressiblllty were thereby not observed;
however, it was considered that the study would indicate many of
the basic charecterilstics of such inlets. In the present paper
are reported studles of the pressure distributions and Inlet-flow
condltions for ennular inlets conslsting of an WACA l-series nose
inlet (reference 1) around two theoretically-designed, cone-type
noses of different epex angle and. one ogival nose, togother with
comparisgon tests of the inlet In the open-nosge condition. A
subsequent report will describe tests in which a canopy and wheel-
well failring were added to the test model to provide a twin~side~
scoop conflguration applicable to & fighter-type airplane.

SIMBOLS

Ay inlet area, 1.12 square feet

D maximum dlameter of cowling, 27.25 inches
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h height of inlet, 2.47 inches

H total pressure, pounds per square foot

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

P static pressure, pounds per sguare foot

Po static pressure of free stream, pounds ﬁer square foot
4, " dynamic pres.sure of free streem, pounds per sq,ﬁa.re fo-c_et.-

"loca.l velocity at point in boundery leyer, feet per second.__.-

Vi average veloclty of flow at inlet, feet per second

Vo veloclty of free stream, feet por second

x horizontal dlstence from etation O (see fig. 2), inches

o angle 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

MCODEYL AND TESTS

General views of the model are shown as flgare 1; line
drawings of the three amular-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 fuselags noses are glven in figure 2.
The three fuselage nosses hed the sams maximmm dlaemesteor 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” conicel nose had
an apex angloe of 14C and a ratio of length to diameter .of epproxi-
mately 4. The curved nose which had approximately the same length
as the short conlcal nose was designed to obtain  increased volume
within the nose; its nose angle was ebout 32°.

A schemetic drawing of the body of the modsl showing the
arrangement, instrumentation, and princlipel dimensions is presented
asg figure 3. The internal-flow sysitem included en axial-~flow fan
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which was necessary to obtain the higher inlet-velocity ratilos.
Flow control was obtalned by varying the speed of the motor and
the poslition of the shutters. The quantity of internal Ilow was
measured by meang of rakes of total~ and static-pressure tubes at
the throat of the venturi and at the exit of the model.

Surfeace pressures were measured by means of 11l to 15 flush
orifices distributed along the top center line of sach nose and
2] orifices installed in the top sectlon of the inlet lip. Total
pressures in the boundary layers of the seversl noses at the
entrance staetion were measured by the use of a removable reke of
nine 0.030-~inch~diameter steinless-steel tubes with ends flatitened
to form openings about 0.005 by 0.05 inch. Pressure recoveries
in the flow adjacent to the inner surface of the top secition of
the inlet lip were measmwred by ieans of the rxake of five 1/16 inch-
diemeter total-pressure tubes shown in figure 3. All pressures
wore recorded by photographing a mltitube manometer.

_ The three anmuler -inlet configuratlons were teated over the
angle -of ~attack range from =29 to 6° at inlet-veloclty ratlos
renging from O.4 to 1.5, while the open-nose cowling was investi~
gated over the angle-of ~atback range from 0° to 6° at inlet-
veloclity retlios ranging between 0.3 and 0.9. All tests were
conducted at tunnel speeds of from 70 to 100 miles per hour; the
latter value corresponds to a Mach number of 0.13 and a Reynolds
nunber of about 2 million based on the maxlmum cowling diamster.

RESULTS AND DISCUSSION

The results of the present investlgatlon are dlscussed in
three sectlons which deal separately with surface pressures on
the noses, surface pressures on the inlet lip, and flow condi-
tiong at the inlet.

Surface pressures on noges.-~ Statlc-pressure distributions
over the top external suriace of the three inlet configurations
are presented in figures 4 Lo 6.

The static-pressure dlstributions over the short conical-noase
configuration at an angle of attack of 0°, figure L4(Db), show thet
gaubstream veloclties were obtalned over the entire nose for low and
medium values.of inlet-veloelty ratio. The effect of increasing
the inlet-velocity ratioc was to raise the velocities on the surface
of the nose; howsver, these lncreases wers very small except within
one ~helf cowling dlameter ahead of the inlet. Superstrean velocitles
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occurred at the inlet at inlet-velocity ratios gbove approxi-
metely 0.9.- The surface pressure on the nose at the inlet was
always more negative than the corresponding value that could be
estimated from the inject~velocity ratlic because the inlet-velocity
distribution was nonuniform due to the boundery layer on the nose .
and to” the pressure field. of the Inlet lip.

The more important effect of incressing the angle of athback
of the model with the short conical nose was to increase’ (at the
top of the nose) the extent of the superstream velocity field
ahead of the inlet for inlet-velociiy ratios gbove spproximately 1.1.
Small decreases were effected in the local velocities on the top
of the nose at the inlet; presuma‘bly, as indicated by the data for
the top of the nose for o« = -2° corresponding emell increases
were effec‘bed. in the local veloci‘bies at the botbom of the noss.

Veloci-bies over the forward portion.of the long conical noss,
although substreamn, were slightly higher than those for the short
conical noge. (Compare figs. L4 and 5.) . Thls condition caused
some increases in ‘the extent of the superstream velocity fields
ahead of thé inlet for the higher inlet-velocity rabtios. At values
of inlet=-veloclty ratio below unity, however, conditions at the
soction immediately in front of the inlet were esgentlially. the
seme as those for the short nose.

The introduction of curveture to the sidss of the short nose
caused decréases in the gurface wveloclties well forward on the
nose, but also .resulited in the formation of a minlmm pressure
pea.k located 0.5 to 1.0 cowling dlameters aheed of the inlst.
(Compare figs. 4 and 6.) The surface velocities in the latter
reglon were approximately free-gtream values at an inlet-velocity
ratio of 0.9 at an angle of attack of 0°. However, at the usuval
high-speed inlet~veloclty ratios, superstream velocltles d4id not
oocwr within the useful rangs of angle of atbteck. Surface velocities
at the Iinlet of the curved-nose configuration, in general, were
sligh'bly lower than thoee for the conical.-nose configurations at

eny given value of inlet-velocity ratio, proba'bly Pbecause of the
improved. alinement of the entsring flow

The following table presents the maximum values of :Lnle'b—
velocity ratlo for which substrean velocities were ma.inta.ined. on
the three noses at angles of atiack of 0° and 2°:

Nose a = 0° o = 2°
Long cono - - .93 S - 4
Curved .91 i .73
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For o = 2°, <the above maximum values were determined in the case
of the two conical noses by the pressures on the bottom surfaces
at 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
velocity ratios exceed the usual design values For high-speed
Flight; thereby indicating the feasibility of this type of inlet
for a transonic airplane. The critical Mach number characteristics
of ‘the top,surfaces of the three noses (predicted by the use of

the von Kermén relationship, refersnce 2, and qualified by the fact
that some of the higher inlet-velocity ratios are uncbitainable in
the high-speed flight conditions due to cholking of the inlet) are
presented in flgure 7 for the renge of inlet-velocity ratic over
which superstream surface velocities occurred.

Surface pregsures on inlet lip.- The pressure dlstridbutions
over the external swurface of the 1ip of the amnuler inlets
(figs. 4 to 6) were essentially similar to those for the basic
open-nose cowling (fig. 3), and were characteristic of those
for the NACA l-peries nose inlets in that they were fairly flat
at and above the inlet~veloclty ratios whilch were required to
prevent the occurrence of a negative pressure pesak at the lecading
edge. The predicted critical Mach number characterilstics for
this surface are shown in figure 7 as a functlon of the inlet-~
velocity ratio for angles of atltack of 0° and 4°, and are comparod
in figure 9 at « = 0° with corresponding data for the NACA 1-85-050
open-nose cowling. This corparieson shows that at and above its
design inlet-velocity ratio (that is, beyond the "lmes" of the
curve) the basic inlet had approximstely the same critical Mach
numbers with the various noses installed as when tested in the
open~-nose condition. Below the design point, the critical speeds
for the lip of the annular-inlet configurabtions decreased more
gradually with decreases in the inlet-velocity ratlc than 4id 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 nosie produced & higher critical speed on the inlet lip
than did the conlcal noses over most of the raenge of V,/V, for

the same reason. The flow appeers to have been meparated from the

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

o
effectlive angle of attack of the lip.

The foregoing resulits indicate that satisfactory lips for
this type of inlet can be designed by apylication of existing data
for the NACA l-series nose inlets; the design charts of reference 1
cover the melectlon of these Inlets for critical Mach nuwbers as
high es 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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volocity 1s attained on the surface of the noge inlet. Tests of
alrfoils and streanlined bodies indicate that the Mach number at
which shock sseparatlon and ebrupt drag incresses btaks plece is some-
what greeter than the criticel Mach numnber.

Static-pressure distributions around the top section of the
inlet lip, figure.lO, show that negative pressure coefficlents
occurred on the inside of the lip at inlet-velocity ratlios gbove 0.9
at an engle of attaclt of 0°. Beth dscreasses in o and further
increass in Vi /V, caused rapid increases in the values of these
negative pressure coofficients; the inbternsl flow therefore might
Pe exXpected to separate Trom the lower lip of the inlet in the
climb condition in which combinations of high values of V3 /¥,
and o are encountered. This resulit, btogether with the fact that
the critical Mach mwibers for this swrface were lowsr than those
for any other compoment of the inlet at high values of Vy/Vg
(Pig. 7), stresses the nscesaity for the experimental development
of less sensitive inner-lip fairings.

Flow conditlions at inlet.- Totsl-pressure and velocity

distributions in the boundary layers of the three noges at the

inlet are presented in figuwres 11 and 12, respectively. The pro-
files are typical of those for turbulent flow. Decreases in the
inlet-velocity retic caused repid increases in boundery-layer
thickness becauss of the resulting increases in tho adverse pressure
gradient in front of the inlet. =Extensive pressure fluctuations

at the recording manometer Turnished en indication that the bvoundery

v
layers on the three noses were unstaeble at 5_1'- = 0.4; the sample
o
total-pressure and velocity proiiles conbalned In figures 11 and 12
show thaet the flow was elither asseparated or on the verge of ssvaratlon
from the surface of the two conical noses for this test conditionm.

The boundary-layer thiclmess & and the ratic of this thick-
ness to the inlet height S/h are presented in figure 13 as a
function of {the inlet-velocity retlio. The boundary-leyer thick-
nesses for the short conical nose and the curved nose were of the
same order over most of the vi/‘vo range, and were gbout 19 percent

of the inlet height for a typical high-speed inlet-veloclty ratio
of 0.7 compared to aboubt 32 percent for the long conical nose. As
the high-speed inlet-velocity ratio for an installation of this
type probebly would not be lesss than 0.6, the boundery-laysr insta-
bility and flow sevaration mentioned in the preceding paragraph
probably would not he encountesred except in the dive condition with
the cngine throttled.
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Total pressure recoverises in the outer half of the inlet
amulus at the top of the model are shown in figure 1lk. The losses
for low inlet-velocity ratlos. which increased rapidly with angle
of attack, were caused by the meparated boundary leyer on the noses.
(See fig. 11 for inner portion of boundary layer profiles for o = 0°.)
The losses Tor high inlet-velocity ratios and low angles of attack
were caused by separation of the flow from the inner Ffairing of the
lip duvwe to the negative pressure peaks shown in figure 10; as
separeticn from the lip at the bottom of the inlst would be
especlally severe in the climb condition, this result again stresses
the necessity for further development of Inneyr-lip fairings for
use at inlet-veloclty ratiocs greeter then unity. For angles of
attack between -20 and 2°, the flow did not separate from either the
inlet 1lip or the noses of the three configuretlons for inlet-
velocity retiom between 0.7 and 1.0. The short conicel nose appeared
to heve a somevwhet wider separation-free operating renge of inlet-
velocity ratio then did the other two noses.

SUMMARY OF RESULTS

A low-spoed invesgtigation has veen made of three transonic
fuselage-inlet installations designed to mainteln substrean
velocities on the body ahead of the air inlets. The more important
results and concluslons of this investigation are summearlzed as
follows:

1. SBubstream velocities wersc maintalned on the three cone-type
fuselage nosss over the ranges of angle of atteck and inlet-veloclty
ratio useful for high-speed flight.

2. The thicknesses of the boundery layers on the short and
long nosss were about 19 and 32 percent of the inlet height,
respectively, for & typlcal high-speed inlet-velocity retio of 0.7.
Boundery-layer separstion wes not encountersed at an angle of attack
of 0° over the range of inlet-velocibty ratio useful for high-speed
flight.

3. At and above itz design inleb-velocity ratio, the NACA 1-85-050
cowling used as the basic inlet hed approximately the mame critical
Mach numbers with the various noses instelled as when tested in the
open~nose condition. Below this design poilnt, the critical speeds
for the inlet lip of the annular~inlet configurations decrecsed
more gredually with decreases in inlet-veloclty retio than did those
for the besic cowling. Thus, deta for the NACA l-series nose lnlets,
which cover the range of critical 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 values of inlet-veloclity ratio the high nega-
tive pressurse peaks encountered on the inner portion of the inlet
lip caumed +the internel flow to seperate. This result stresses the
necesslty for the develcpment of less sensiltive inmer-lip fairings
for inlets which opsrate at inlet-velocity ratios exceeding unity.

Langley Memorial Asronautlcal Laboratory
National Advisory Commlttee for Aeronsutics
Langley Field, Va.
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Figure 2.~ Arrangement and dimensjons of the
several annular inlet configurations.
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Fig. 4c
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Fig. 6a
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%
o—— Short conical nose.
o—— Long conical nose.
Omnmm Curved rose.

(@ oC=0°.

Figure 0. -Static-bressure distribulions around fop section of o of NACA /-85 ~050 cowling
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rigure 10, —Concluded.

Q- Curved nose.

Q

Short conical nose.
o—~—Long conical nose.
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