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TRANSONIC AIR INLET 

,By, Mark R. Nichols and Donald ' \{: Einkoskt 
• ,'",.1 

A specia;L problem is encountered in the appl:i,cation' of fuse'
lage' scoo~s to a transonic airpl ane in that compression shades 
must 'be av.oided. on the surfa.ce of the fuselage ahead , of the air 
inlets 'to ',prevent boimdary-layer separation whi ch would result, in 
unstabl~ inle,t floyT and losses in raJll . Hm-rever) subsonic floY.' can 
be maintalned on the fuoe lage surface ahead 01 an ~ylar inlet 
up to flie:..ht Mach numbers of about 1.2, thereby a,voidint; shocl-.:s ' 
in this ,regio:q througn ' both t he ,subsonic and the transonic fli ght 
regLnes~ prq:vi,dirig tha,t tl18 fuselage forward of th~ inlet is' a 
cone of ,the prQper: proport:i.ons. The, 'pr.esent investig~tion 6f 'this 
type of inlet '"ras , ·conducted.', at 10,\>T ' s,peeds 'i"n 'the . Lan€..uey. 1'ro1'eller- , 
research tunnel in order to obtain some ind-ication' of the ', basic ' 
charac'wristlcs ,' of such ·inlets . "' 

'l~o theo~l3 ,tically -0,8 si,gned cone -:-type fuselage '~ose S of'. dil"': '" '. .: 
ferent" apex ~ngle and one ogi val nose i'Tere tested in conju.nctlon:' ,.' 
yTith 'an NACA 1-,85 -050 cowling which was 'also tested in the ,open- ' ., 
nose c6ndi t :1.on, . SlU'face ' pre's sure I:? aild inlet total pr~ss1.tres .. ' 

:" ':.' . 
were meas,ured at the tops of tl,'le te,st :confiE,urations 'for wide 
ranGes of inlet -veloci't y. ratio :ano. angle of attack,.: , ,': . .. '" . 

'The results' 0.1. :the 'investigation ShOvT that substream 
velocities H~re illaintained ' on 'the t hree fuse lane noses over the 
r anges of angle of attack and inlet -ve l ocity ratio useful for 
high-speed flight . At an angl e of attack of 00 , boundary-layer 
separation from the noses '\>TaS not encountered oyer this range of 
inlet-veloci ty ratio . At and above i ts design inlet-velocity 
ratiO , the NACA 1-85-050 cowlin£, v.sedas 'tlle basic inlet had ., 
approxima. tely the same critical Mach numbers 'l-ri th the various 
nose s installed as "Then te s.!:;ed in ' the open -nose condi tion; thus, 
data for the NACA l-series nose inlet8 can be used in the des ign 
of installations of t his type. At very high values in inlet
velocity ratiO ) the high negative pressure pewes encountered on 
the inner portion of the :i.nlet lip caused the internal flm" to 
separat.e. 

P.ESTfGCTED 
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INTRODUCTION 

The use of fuselage scoops offers several important advan
tages in the arrangement of a fighter-type airplane. First, the 
ducting to the engine may be made as short as possible; second> 
good visibility may be obtained by locating the pilot ahead of the 
inlets in a thin section of the fuselage; third, the gun installa
tions may be l ocated in the nose where they will not interfere with 
the air inlets or ductingj and fourth, the directional stability 
may be improved by reducing the lateral area forward of the center 
of gr-avity. 

A special problem is encountered in the application of fuse
lage scoops to a transonic air plane in that compression shocks must 
be avoided on the surface of the fuselage ahead of the air inlets 
to prevent boundary-layer separation 'l-Thich would result in unstable 
inlet flow and losses in ram. This condition can be fulfilled only 
by naintaining the velocity of' the flow on this surface at subsonic 
values throughout the speed range of the airplane. It appears 
that if the fuselage forward of the inlet is a cone of the correct 
apex angle, the desired subsonic velocities will be maintained on 
its surface up to Mach numbers of about 1.2, with ow total-pressure 
losses, and the inlet lip at the base of the cone will operate 
e ssentially in the subsonic regime. 

Because of the great interest in these inlets and the dif
ficulty of detailed transonic testing at adequate Reynolds 
numbers, a preliminary study of such designs has been made at 
low speeds in the Langley propeller-research tunnel as a part of 
the current NACA air-inlet research. Obviously many important 
pnenomena associated with compressibility were thereby not observed; 
however, it was considered. that the study ",ould indicate many of 
the basic characteristics of such i nlets. In the present paper 
are reported studies of the pressure distributions and inlet-flow 
conditions for annular inlets consisting of an NACA l-series nose 
inlet (reference 1) around two theoretically -designed cone-type 
noees of different apex angle and one ogival nose, together with 
comparison tests of the inlet i n the open-nose condition. A 
subsequent report will describe tests in which a canopy and wheel
well fairing were adde~ to the test model to provide a twin~side
scoop configuration applicable to a fighter-type airplane. 

SYMBOLS 

Ai inlet area, 1.12 square feet 

D maximum diameter of cOvTling, 27 .25 inches 
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h height of inlet, 2 . 47 inches 

H total pressure, pounds per square foot 

Mcr predicted critical Mach number 

p stati c pressure, pounds per square foot 

Po static pressure of free strerun, pounds per square foot 

qo dynamic pressure of free stream, poUnds per square foot 

u local velocity at point in boundary layer, feet per second 

U veloci ty just outside bOllndan; layer, feet per second 

Vi averaGe velocity of flow at inlet, feet per second 

Vo veloci t y of free stream, feet per second 

x horizontal distance from station 0 (see fig . 2), inches 

CiJ anGle of attack of center line of model, cle gree s 

1) boundary -layer thlclmoss, the normal distance from surface 

H - Po 
t o po:i.nt vThere - -- = 0 .98, inches 

qo 

MODEL Ai'ID 'rESTS 

General views of the model are shown as figu..re 1; line 
drawings of the tl1.ree a.nnular-inlet c onfigurations and coord.inates 
of the "curved" nose and of the NACA 1-·'35-050 nose inlet used in 
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con iUnction w'ith each of the f\lsela8e noses are given in figure 2 . 
The three f'uselaE;e noses had tne sa.me maximum cUameter at the i nlet. 
The "Short " conical nose had an apey angle of 190 and a ratio of 
length to diameter of about 3, while the "long" conica.l nose had 
an apex angle of 140 and a ratio of lengtl to diameter of approxi 
mately 1~. The cu.rved nose vThich had approximately the same length 
as the short conical nose was destgncd to obtain increased volume 
"Ti thin the nose j its nose ant~e 'vas about 320. 

A schema tic c1.ravTinf, of the body of the model showing the 
arra.Tlgement, instrumenta tion, and principal dimensiona is presented 
as fiBure 3. '}'he internal-flmr system included an axial-flow fan 
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which was necessary to obtain the higher inlet-velocity ratios. 
Flow control was obtained by varying the speed of the motor and 
the position of the shutters. The quantity of internal f low was 
measured by means of rakes of total- and static-pressure tubes at 
the throat of the venturi and at the exit of the modt~ 1. 

Surface pressures ".'8re measurec1. by means of 11 to 15 flush 
orifices distributed along the top center line of each nose and 
21 orifices installed in the to:9 section of the inlet lip. Total 
pressures 1n the boundary layers of the several noses at the 
entrance station were measured by the use of a removable rake of 
nine 0.030-inch-diametor stainless-steel tubes with ends flattene d 
to form openine:s about 0 .005 by 0 .05 inch. Pressure recoveries 
in the floy, adjacent to the inner surface of the top section of 
the inlet lip were measured by lneans of the rake of five 1/16-inch
diameter total-pressure tubes shown in figure 3. All pressures 
were recorded by photographing a Iilul ti tube manorr..eter. 

The three annular -inlet configurations ""ere tested over the 
angle-of-attack range from -20 to 60 at inlet-velocity r atios 
ranging froLl 0 . 4 to 1. 5 J while the open -nose cOlding 'ias inve sti
gated over the angle-of-attack range from 00 to 60 at inlet
velocity ratios ranginl3 between 0 .3 and. 0.9. All tests "'Tere 
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 
number of about 2 million based on the ma.ximum cowling diameter . 

RESULTS AND DISCUSSION 

The results of the present investigation are dlscussed in 
three sections .Thich deal separately with surface pressures on 
the noses, surface pressures on the inlet lip, and flow condi
tions at the inlet. 

Surface pressures on noses. - static -pre ssure distributions 
over the top external·surface 'of the three inlet configurations 
are presented in figures 4 to 6. 

The static-pressure distributions over the short conical-nose 
configuration at an angle of attacl~ of 00

, figure 4 b), show that 
substream velocities were obtained over the entire nose for low. and 
medium values of inlet-velocity ratio. The effect of increasing 
the inlet-velocity ratio was to raise the velocities on the surface 
of the nose; however, these increases ",rere very small except wi thin 
one-half cowling diau~ ter ahead of the inlet. Superstream velocities 
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occurred at the inlet at inlet-velocity ratios above approxi
mately 0·9. The surface pressuro on the nose at the inlet was 
always more negative th8.n the corresponding value that could be 
estimated from the inlet-velocity ratio because the inlet-velocity 
distribution I-las nonuniform due to the boundary layer on the nose 
and to the pressure field of the inlet lip. 

The more important effect of increasing the angle of attack 
of the model with the short conical nose vTaS to increase " (at the ' 
top of' the nose) the extent of' the Buperstream velocity f'ield 
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ahead of the inlet for inlet~velocity rat~os above approximately 1.1. 
Small decreases Ivere 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 ~ = -20 , corresponding sWBll increases 
were effected in the local velocities at the bottom of the nose. 

Veloci ties over the fOI"'tlard portion of the long conical nose, 
althou@l substream, were slightly higher than those for the short 
conical nose. (Compare figs. 4 and 5.) This condition caused 
some increases in the extent of the superstream velocity fields 
ahead of the inlet for the higher inlet-veloci t~r ratios. At values 
of inlet-velocity r atio belm·, unity, hm'Tever, con(Htions at the 
section immediately ·in · front of the inlet were essentially the 
same as those for the .short nose. 

The introduction of curvature to the sides of the short nose 
caused decreases in the surface veloei ties vTell forward on the 
nose, but also resulted in the formation of a minimum pressu..re 
peak located 0 .5 to LO co'l-rling di'anlG ters ahead of the inlet. 
(Compare figs. 4 and 6 .) The surface velocities in the l atte r 
region were approximately free-stream values a t an inlet-velocity 
ratio of 0.9 at an angle of attack of 00 • However, at the usual 
high-speed inlet"-veloci ty r atios, superstream velocities did not 
occur within the useful range of angle of t;l.ttacl:.:. Surface velocities 
at the inl et of the cu..rved-nose configuration, in general, were 
slightly 10vTer than those for the conical-nose configurations at 
any Ci ven va.lue of inlet .. veloci ty ratio, probably because of the 
improved alinement of the entering flow. 

The following table presents the maximum values of inlet .. 
veloci ty ratio for which su'bstreanl velocities were maintai ned on 
the three noses at angles of attack of 00 and 2°: 

j ._'" 
I 

lij'ose 
'1 

ex, = 0° ~ = 2° 

S.hort cone 0.88 0.83 
Long cone ·93 . 87 
Curved ·91 ·73 

1-
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For a. :::: 2 0 , the above m..aximu.m values i,rere determi ned in the case 
of the tivo conical nOGes by the pressures on the bottom surfaces 
at the inlet, and in the case of the curved nose by the pressures 
on the top surface of the nose Hell for,yard of the inlet . These 
velocity ratios exceed the usual de s i [JJ. values for high-speed 
flight; thereby indicatine, the feasibility of this t ype of inlet 
for a transonic airplane . The cri tical ~iach number characteristics 
of the top, surfo,ces of the thre e noses (predicted by the use of 
the von Karm6n rela tionship, r oference 2 , and qualified by the faut 
that some of the higher inlet -velocity rati os are unobtainable in 
the high ··speed fli e:llt condi t i.ons due t o chokinG of the inlet) are 
presented in figure 7 for the r an ge of inlet-velocity ratio over 
vThich superstrearn surf ace ve locitie s occurred . 

Surfa ce pressures on inlet li.F:- The pressure distributions 
ove r ·the· exte rnal s1.1rface of the l i p of t he annular inlets 
(fi 5S. 4 to 6) were essent:i.ally s11;:ilar to those for the ba sic 
open-nose cowling ( fi g . ), and were characteri stic of those 
for the NACA I - se r ies nose inle ts in that t hey were f air ly flat 
at and above the inlet-ve locity ratios which iyerG reqy.ired to 
prevent the occurrence of a ne gative prGssure peak at the 16ading 
edge . The predic ted cri tJca l Hach numbe:;:, characteristics for 
this surface are ShOvffi in f if,ure 7 as a function of the inlet 
velocity ratio for angles of a ttack of 00 and 4° , and are compared 
in figure 9 at ex. = 0° vlith corresponding data f or the NACA 1 - 85-050 
open··nose covlling . Th1s comparis on shovTS that at and above its 
design inlet -velocity ratio (that i s , beyond the Ill::nee II of the 
curve) the basic inlet hact approximatel the same critical Mach 
nUL'1bers vl i th the various noses insta l led as when te sted in the 
open-nose condition. Below the design 1?0int , the critical speeds 
f or the lip of the annulm' --inlet confiGura t ions de c r eased more 
gradually with decrea ses in t he inlet-ve l ocity ratio than did those 
f or the open-nose c md :i.ng, pr obably because the presence of the 
na Res impr oved the alinement 0:(' t he ente r i n g flO1y, (See fi e; . 8.) 
The curved nose produced a h igher critical speed on the inle t lip 
than did the conical noses over most of the range of Vi/Va f or 
the same reason . Th~ flow appea.rs t o have been separated from the 

lip of the open-nose cowling at Vi = 0. 3 because of the high 
Va 

effecti ve angle of atta ck of the l i p. 

The forego:i.ng results indicate t hat sati sfac cory lips for 
this t ype of inle t can be de sisned. by a :!?} lication of existing data 
for the NACA l-series nose L .le t s; t he desi@l charts of r ef er ence 1 
cover the select i on of these inlets for cri tical Mach nunilie r s as 
hie)l a s 0.9. In the use (, ~ t hese data it should be not ed that the 
cri tical Mach number is a.efi.ned a s the Ma ch number at which s onic 
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velocity is attained on the surface of the nose inlet. Tests of 
airfoils and streamlined bodies indicate that the Mach number at 
which shock separation and abrupt drag increases take place is some
what gr'eater than the c1'i tical Mach number. 

Static-pressure distributions around the to~ section of the 
inlet lip, fiGure 10, show that negative pressure coefficients 
occurred on the inside of the lip at inlet-velOCity ratios above 0.9 
at an angle of attack of 00 • Both decre?-,ses in ex, and further 
increase in Vi/Vo caused raj?id · increases in the values of these 
negative pressure coofficients; the internal flow therefore might 
be oxpected to separate frOlJl the lower lip of the inlet in the 
climb condition in IV'hich co!'tlbinations of high values of Vi/Vo 
and ex, are encountered. This result, together with the fact that 
the critical Mach numbers for this surface were lo",er than those 
for any other component of the' inle't at high values of Vi/Vo 
(fie;. 7), stresses the necessity for the experimental development 
of less sensitiv'S inner-lip fairings. 

F12'Lcond~ tions at tl}let. - Total-press1-rre and velocity 
distributions in the boundary layers of the three noses at the 
inlet are presented in f itS1X'i.'es 11 and 12, respectively. The pro
files are typical of those'or 'turbulent flow. Decreases in the 
inlet-'velocity ratio caused rapid increases in boundary -layer 
thickness because of the resulting increases in tho adverse pressure 
gradient 1n front of the inlet . Extensive pressure fluctuations 
at the recordinG ~~noneter fvrnished an indication that the boundary 

V' 
layers on the three noses vere 1..lnstable at .l: = O. 4j the sanple 

Vo 
total-pressure and velOCity profiles contained in figures 11 and 12 
show that the flOiy 1vaS either separated or on the verBe of separation 
from the surface of' the tiw conical noses for this test condition. 

The boundary-layer tlliclmess 0 and the ratio of this thick·, 
ness to the inlet height 5/h are presented in figure 13 as a 
function of the inlet-velocity ratio. The boundary-layer thick
nesses for the short conical nose and the curvecl nose were of the 
Srul~ order over most of the Vi/VO range, and were about 19 percent 
of the inlet height for 'a typical hie;h··speed inlet-velocity ratio 
of 0.7 compared to about 32 percent for the long conical nose. As 
the high-s'peed inlet-veiocity ratio for an installation of this 
type probably would not be less than 0 .6, the boundary-layer insta
bility and flow separation mentioned in the preceding ~aragraph 
probably would not be encountered except in the dive condition with 
the engine throttled. 

- ~ -----~-~ _ _ _ ___ __J 
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To'rel -pressure recoveries in the outer half of the inlet 
anml.lns at the top of the model are Sh014Il in figure 14 , The losses 
for low inlet-velocity ratios , which increased rapidly vli th angle 
of attack, were caused by the separated boundary layer on the noses. 
(See fi g . 11 for inner portion of boundary layer prof iles for a = 0 0 . ) 

The losses for high inlet-velocity ratios and 10vT angles of attl'l.ck 
were caused by se:,?aration of the flo", from the inner fairing of the 
lip due to t he ne gative pressure peaks shown in figm~e 10; as 
separation from t he lip at the bottom of the inlet would be 
especially severe in the climb condition, this r e s11.lt again stresses 
the nece ssity for fu.rther develol)ment of inner-lip f a irings for 
use at inle t-velocity ratios great e r than 1mi t y . For angles of 
attack bE:: t1.,een -20 and 20 , the flm., did not separate from ei t her the 
inlet li:£) or t he no se s of the t hr ee configurations for inlet -
veloc i t y r a tios be tvTeen 0. 7 ancl 1 .0 . The short conical nose appeared 
to have a s om,n'That ,.,:;'der sepal"ation "free operating range of inlet 
velocity r a tio t han did the other two noses. 

SUMtfJARY Q:B' RESULTS 

A low-spee d invest.ie;at j on has been matte of three transonic 
fuselage - inlet instal lations desi[ned t o maintain substrean 
veloci ties on the b od;)" ahead of t he air inlets . The more i mportant 
resul ts and conclusions of th i s inve s ti ga.tion a..re summarized as 
follOvlS : 

1. Substream veloci t i e s wero maintained on the three cone -type 
fuselage noses over the range s of angle of attack and inlet··ve loei t y 
ratio useful for high-speed fl i ght. 

2. The th:i.cknesses of the boundar y layers on the short and 
long noses were about 19 and 32 percent of the inlet height, 
respectively, f or a typical h igh -speed inlet-velocity ratio of 0 .7· 
Boundary-layer separation was not enco1J..T'ltez'ed at an angle of attack 
of 00 over t he range of inlet~velocity ra.tio useful f OT high-speed 
flight. 

3. At and above its design inlet-velocity ratio J the NACA 1-85 -050 
cOiVling used as the basic inle t had. approximate ly the same critical 
Mach numbers "Ti th the various noses i nstalled as ,.,hen t e sted in t he 
open-nose condition . Below this design point, the cTit i c al speeds 
for the inlet l i p of the annular- i nlet confie;uratiorls decre o.sed 
more sradu~lly wi th decrease s in inlet -velocity rat:o than did those 
fm' the b asic c owling . Thus ) d B.ta for the NACA l-se1'ie s nose inlets, 
whi ch cover the range of critical Mach nilliwer up to 0.9, can be used 
in the design of :lnstalla tions or this type . 
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4. At very high values of inlet-ve l ocity r atio the high nega
tive pressure peaks encountered on the inner portion of the inlet 
lip caused the internal flow to 8eparate . This result stresse3 the 
necessi ty for the development of le 8s sensi ti ve inner-lip fairings 
for i nlets whi ch operate at inlet-ve l ocity ratios exceeding unity. 

Langley Memoria.l AI3Tonautical Laboratory 
National Advisory Committee for Aeronautics 

l ,anc.,lay Field J Va . 
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(a) Short conical noae. 

(b) Long conical nose. 

(c) Curved nose. 

Figure 1.- General views of the model with the three 
annular inlet configurations. 

Fig. 1 
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