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. A LOW-SPEED INVESTICATION OF AN ANNULAR
TRANSONIC AIR INLET

By Mark R. Niohols and Donald W. Rinkoski -

SUMMARY
'

A spscial problem is encountered in the application of ruse~
légs scoops to e transonic alrplans in that COMpPressiull BLUiB
‘must be avoidod on the surfeace of the fuselage ahead of the air
‘4nlets to prevent boundery-layer separaiiun wiich would rocult in
unstatle inlet flow end losses in ram. However, subsonic flow can
be mainteinsd on the funelags surface ahead of an annular inlet
up to flight Mech nuwibers of ebout 1.2, thereby avoidini shocks
in this reg.on through votn tue subsonsc and the transonie flirht
roglaes, noviding thet the fueslege forward of the inlet is e
cone of the proper proporticns. The present investlgation of this
type of inlet wes conducted st low speeds in the langley propeller-
regearch tannel in mver +n nhtain soms indicetion of the basie
characterlsticy of such inlots.

i Two theoretically-fesigned. cone-type fusclage noses of aif-
tqrsnt epex angle and one ogival nose wore tested in conjunction
with an NACA 1-35-050 cowling which wes also tested in the open~
nose condition. Curfece preasures and inlet total pressures
were moaswred at the tops of the test comfigurations for wide
rangps oi inlest-velocity ratio and angle of attack.

o The results of tie investigation show that substreem
" velocities were nalntainsd on the tiuree fuselare noses over the
rangss o angle of attaeck and inlet-velocity ratio useful for
" high-speed Fligt. At en angle of attack of 0°, boundary-layer
_seperation frour the noses wes not encountered over this range of
inlet-velocity ratiz. At end above :ts design inlet-velocity
retio, the NiCA 1-85-050 cowling used as the besic :inlet had
approximately the semo critical Mach numbers witlh the various
noses installed as when tested in the open-nose condition; thus,
data for the BACA l-geries nose inletc cen be used in the desien
of installations of this type. At very high valuss in Inlet~
velooity ratio, tho high neaative prossure peaks encountered on
the inner portion of the inlet lip caused the internal flow to
seperats. ’
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INTRODUCTION

The use of fuselage scoops offers several important sdvan-~
tages in the arrengement of a fighter-type airplans. First, the
duoting to the engine may be made as short as possible; second,
good visidbility may be obtained by locating the pilot ahoed of ths
inlets in a thin saction of the fuselage; third, the gun installa-
tions may be located in the nose where they will not interfers with
the air inlets or ducting; and fourth, the directional stability
may be lmproved by reducing the lateral area forward of the center
of gravity.

A spscial problem is sncountered in the application of Iuse-
lage scoops to a transonic airplane in that corpression shocks muat
Yo avoided on tlw swface of the fucelags aiwad of the alr inlsts
to prevent boundary-layer separation which would result in unsteble
inlet flow and losses in ram. This condition can be fulfilled only
by maintaining the velocity of the flow on this surface at subsonic
values Uhrvuguoul tue spoed range of the alrplanc. It appears
thet if ths fuselage forward of the inlet i1s a cone of the correct
apex angle, the desirsd subsonic velocities will be maintained on
its swface up to Mach numbers of about 1.2, with iow total-pressure
losses, and the inlet lip at ths base of ths cone will operate
egsantinlly in the subacniec regims.

Becauss of the great interest in theee inlets and the 4if-
fioulty of detailed transonic testing at adequate Reynolds
numbers, a preliminary study of such designs hae bsen made at
low speods in the Langley propsllsr-research tunnsl as a part of
the cwrrent NACA air-inlet regsearch. Obviously many important
phenomene assoclated with compressibility were thereby not observed;
however, 1t was considered that the study would indicate many of
the basic characteristics of such inlsts. In the present paper
are reported studies of the pressure distributions and inlet-flow
conditions for ennular inlets congisting of an NACA l-zeries noss
inlet (reference 1) arownd two theoretically-designed cone-type
noges of diffsrent apex angle and one ogival nose, together with
comperison tests of the inlet in the open-noge condition. A
subsequent report will describe tests in whioch a canopy and wheele
well fairing were added to the test model to provide a twin-side-
scoop configuratiocn appliceble to a fighter-type airplans.

SYMBOLS

M inlet area, .12 square feet

D maximmm diameter of cowling, 27.2% inches
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height of inlet, 2.47 inches

total pressure, pounds per aguare foot

predicted critical Mach numbder

static pressure, pounds per square foot

atatic pressure of free astremm, pounds per square foot
dynamic pressure of free stream, pounds per square foot
local velocity at point in toundary layer, feet per second
wveloedty Jurt ~ubzilde toundas 'la‘;ur , iest per second

average volocity of flow at inlet, fest wer sccond

voloocity of fres stream, feot per second

horizontel distence from mtation 0 (ses Ffig. 2), inches
angls of atiack of center line of model, degroes

bourdery-layer thickusss, the normal distance from swrface
L-»
to polnt where 2 = .98, inches
q
(]

MODEL AND TESTS

Goneral views of the model are shown as figwe 1; line
drawvings of the three emnular-inlet configuretions and coordinates
of the "swrved" nose and nf the NACA 1-05~0%0 nose inlet used in
ocn junction with each of the funelape nomes are given in figure 2.
The three fuselags noses had tho sere maximmpt diemeter at the inlet.
The "short" cunicel nose had an aper sngle of 19° ard a ratio of
length to diaieter of abtout 3, while the "long" conlcel nose had
an apex anglv of 14° and e ratio of length to diaweter of approxi-
mately k. The curved nose which had spproximately the same length
as the short conical nose was dsaigncl t2 obtodn  increased volwme
within the nogse; its nose angle was about 32°.

A schematlc drawing of the body of the model showing the
arrangament, instrunentation, and principal dimenseiono is presented
as figure 3. The internal-flow gystem included en axial-flow fan
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which was nsceesary to obtain the higher inlet-veloolty ratios.
Flow control was obteined by varying the speed of the motor and
the position of the shutters. Ths guentity of intermal [low was
measured by means of rakes of total- and static-pressure tubes at
the throat of the venturl and at the sxit of theo modsl.

Surfacs pressures were measured by mesns of 11 to 15 flush
orifices dietributed along the top center line of each nose and
2] orifices installed in the top section of the inlst 1lip. Total
pressures in the boundary layers of the several noses at the
entrence station were measured by the uss of a removable rake of
nine 0.030-inch-diametor steinlese-ateel tubes with ands flatiened
to form openings about 0.005 by 0.05 inch. Pressure recoveries
in the flow adjacent to the inner surisce oi the top section of
the inlet lip were measured by :wane of the rake of five 1L/1G-inche
djemster total-pressure tubea shown in figure 3. All pressures
wore recorded by photographing & suiviiuie malasios.

The tlhrew annular -inlet configurationa wore tested cver the
angle -of -attacl: range freir 292 to o0 at inlet-velocity ratios
ranging from 0.4 to 1.5, while the open-noss cowling was investi~
@ated over the angle-of -attack renge fram 0° to 5° at inlst-
veloocity retios ranging betwoen 0.3 and C.9. All tosts were
conducted mt turmel asposda of from 7O to 100 mides ner hour; the
latter value corresponds to a Mach number of 0.13 and a Reynolds
number of about 2 million basod on the maxiuum cowling diamster.

RESULLS ARD DIsCUSSICH

The results of the present investigation are discussed in
three sectlons vhich deal separately with swrface presswres on
the noses, surface pressures on the inlet lip, and flow condi-
tions at the inlet.

Swrface pressures on noses.- Static-pressure distridbuticns
over the top external swrfoce of the three inlet configuratione
are prosented in figures 4 %o 6.

The static-preasure distributions over the short conioal-nose
configuration at an angle of attack of 0°, figure U(b), show that
substream velocities were obteined ovsr the entirs nose for low and
medium valuea of inlet-velooity ratioc. The eirect of increasing
the inlet-velocity ratic was to reise the velocities on the surface
of the noee; however, these increases were very small except within
one-half oowling diamster ahead of the inlet. Superstream velocities
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For a = 2°, the above meximm values were determined in the case
of the two conical noses by tho pressurss on the bettom surfaces
et the inlet, and in the cawe of the curved nose by the rreaswres
on the top surfuce of the nose well forward of the inlet. These
velocity retios exceed tho usual desisn veluss for high-speed
flight; thersby indicating the feasibility of this type of inlet
for a transonic airplane. The critical Mach nwiber charscteristics
of the top, surf"cea of the three nceos (predicted by the uso of

the von Karmén relationship, roference 2, and qualified by the fact
that scre of the higher inlet-velocity ratios ere uncttainable in
the high-speed Tlight conditions due to chcking of the inlet) are
presonted in figure 7 for the rengw of inlet-velocity ratio over
vhich superstreom swrface vslocitios occurred.

Swrfcce pressures on inlet lip.- The pressure distributions
crer tha oxternel suriace of the 1ip of the annuler inlets
(“* ra. b to 6) were ossontially siuilor to those for the basic
open-nose cowling (fig. 3), end wore characteristic of those
for the NACA l-series nose inlots in that they were fairly {lut
et ond above tne lilct-v2locity ratios which were required to
prevent the occurrence of & negntive pressure peak al tlhic lceding
ed@e. Tho nredictod critical Mech number characteristics for
this surface are shown in fifure 7 as a function of the inlet-
velocity ratic for ansles of attack of 0° apd 4°, und are comparod
in figure 9 at o = 0° with corresponding data for the MACA 1-85-0%0
open-nose cowling. This comperison shows thzat at and above its
design inlet-velocity ratio (that ism, deyond the "Imee" of the
curve) the basic inlet hed approximately the same critical Mach
nwabers with the various nosca lnstalls? n=z when tested in the
open=-nose condition. Below the design point, the critical spewds
for the 1lip of the amular-inlet configurations decreased mnore
graduslly with decreases in tho inlet-velocity ratio than d.irl thoce
for the open-nose cowling, probably beceuse tie presence of the
noses improved the alinement of’ the entering flow. (See figp. 8.)
The curved nose produced a higher critical speod on the inlet 1lip
then d4id the conicel noses over mest of the range of vifvo for

the same reason. The flow appoers to have been separated from the
1lip of the open-nose cowling =t !'* = 0.3 Tecauvse of the high

(<]
effective angle of attack of the lip.

The foregolng results indicate that satisfectory lips for
this type of inlet can be desigmel by em»lication of existing deta
for the NACA l-series noso inlets; the design chiarts of reference 1
cover the selsction of these inlets for critical Mach nurbers as
high es 0.9. In the uso cf these data it siiould te noted thet the
critical Mach muwiber is defined as the Mach nunboer at which sonic




NACA RM No. L&JOW

velocity is attained on the surface of the nome inlet. Tests of
eirfoils and streamlined bodies inmdicate that the Mach number at
which shock separation and ebrupt drag increases take place is somo-
whet greeter than the critical Mach nuber.

Static-pressure distributions around the top section of the
inlet 1lip, figurée 10, show that negative preasure coefficients
ccewrred on the inaide of the lip at inlet-velocity ratios above 0.9
at en angle of attack of 0°., Both decreeses in « and Twiher
increass in Vy/V, ceused rapid increesses in the values of these
negative presswre coofficients; the internsl flow therefore might
Ve cxpected to separate froii the lower 1lip of the inlet in the
climd condition in which combinations of high values of vi/vo
end o are ewocuatercd. Thizs yreslt, togather with the fact that
the sritien) Mash mvwihaws for this surface were lower than those
for any cther component of the inlet at high values of  ¥i/fvg
(fig. 7), stressea tho necessity for the experimental dovelopment
of less sensitive inner-lip fairings.

Flow conditions et inlot.- Total:pressure and velocity
distritutions in the toundary layers of the three noses at the
inlet are prosented in figures 11 apd 12, respectively. The pro-
files are typical of those for turbulent flow. Decreases in the
inlet-velocity ratioc caused rapid increases in boundary-layer
thickness 'becu..so of the resulting increasecs in tho adverse preassure
gredient in front of the inlet. Txtensive prassure fluctuations

at the recording menometer Ifurnished en indication thet the boundary

v
leyers on the three noses were ungtablo et ;)-_1'- = 0.4k; the sauple
5 x .
total-pressure and velocity profiles contained in figures 1l and 12
show thzt the flow was either separated or on the verge of separation
from the surface of the two conical noses for this test condition.

The boundery-layer thiclmecs & and the ratic of this thick-
ness to the inlet height b6/h ere presentsd in figure 13 2z &
function of the inlet-velocity retio. The bolmdary-leyer thick-
nesses for the short conical nose and the curved nose werc of the
same order over most of the vi/vo rangs, end were about 19 percent

of the inlet height for & n,gical high-speed inlet-velocity ratio
of 0. compared to about 32 percent for the long conical none. As
the high-speed 1nlet-velocity retio for an installation of this
tyne probably would not be less than 0.6, the boundery-layer insta-
bility and flow separation mentioned in the preceding varagraph
probably would not be encountered except in the dive condition with
the cngine throttled.
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Total pressure recoveries in the outer helf of the inlet
annulus at the top of the mcdel are shown in figure 14. The losses
for low inlet-velocity ratios, which increased rapidly with angle
of atteck, were ceused by the separated boundary layer on the noses.
(See fig. 11 for inner portion of bourdary layer profiles for o = 0°.
The losses for high Inlet-velocity ratios and low anglee of attack
were caused by semaration of the flow from the inner fairing of the
1ip due to the negative pressure peaks shown in figure 10; as
separation from the lip at the bottom of the inlet would be
especially severe in the climb condition, thie result again stresses
the neceassity for further developrment of inner-lip felrings for

N -A- -L - - E o +1 - 4 ™
uss st nlet-welocity retice greater than unity. For sngleg of

-a-+nn|— vﬂwmnq N0 anA r\n 4ha Plorr 443 nnt —v-nw-\-l-n Froam adtharn tha

inlat 1ip or the ncaes nf the threo cwni‘:lcvra-b:lons for inlet-
velocity ratios betwcen 0.7 and 1.0. The short conical nose appeared
to have a scmowhat wider separation-fres operating range of inlet-
velocity ratis than did the other two noses.

SUMMARY OF RESULTS

A 1ow-aplsed. 1rveatication has beeﬂ made of three tranaonic
fucelagy-inlet ingtallations designed tu malintain substrean
velocities on the body ahead of the air inlets. The mors imporitant
results snd conclusions of this investigation are sumarized as
follows:

1. Substroam velocition wero meintained on the three cone-type
fuselage nosea over the ranges of angle of attack and inlet-velocity
ratio useful for high-speed flight.

2. The thickneeasoe of the boundery layers on the ahort and
long noses wereo about 19 and 32 percent of the inlet height,
reepectively, for a typical high-speed inlet-velocity retio of G.T.
Boundary-layer soparation was not encountered at an angle of attack
of 0° over tho range of inlet-velocity ratio useful for high-speed
flight.

3. At and above its design inlet-velocity ratio, the NACA 1-85-050
cowling used as the besic inlet had approximately the same critical
Mach numbers with the various noses installed as whon tested in the
open-nose condition. Below this design point, the critical speeds
for the inlet lip of the ennular-inlet configurations decrecsed
more graduelly with decreases in inlet-velocity ratin than did those
for tho basic cowling. Thus, data for the NACA l-series nose inlets,
which cover the range of criticel Mach nunber up to 0.9, can be used
in the design of inatallations of this type.
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h. At very high values of inlet-velocity ratio the high nega-
tive pressure peaks encountsred on the inner portion of the inlet
1lip caused ths internel flow to ssparats. This result stresses the
nscessity for the develcprent of less ssnsitive inner-lip fairinge
for inlets whioh operats at inlet-velocity rutios exceeding wnity.

Langley Memcrial A2rcnautical Laboratory
National Advisory Comittee for Aeronautics
Langlay Field, Va.

.

!
|
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{c) Curved nose.

Figure l1.- General views of the model with the three
annular inlet configurations.
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