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SUMMARY 

An investigation of three NACA 1-series nose inlets ,  two of which 
were f i t t e d  with  protruded central bodies, was conducted in the 
Langley 8-foot  high-speed  tunnel. An elliptical-nose body, which had a 
c r i t i c a l  Mach  number approximately  equal t o  that of one of the nose 
Fnlets, was also tested. Tests were made near zero angle of attack f o r  
a Mach  number range from 0.4 t o  0.95 and fo r  the supersonic Mach 
nuniber of 1.2. The Met-velocity-ratio range  extended from zero t o  
a maxhum value of 1.34. Measurements included  pressure  distribution, 
external  drag, and total-pressure loss of the internal f l o w  near the 
inlet. Drag was not measured fo r  the tests a t  the  supersonic Mach 
number. 

O v e r  the range  of inlet-velocity  ratio  Investigated,  the  calculated 
external.  pressure-drag  coefficfent a t  a Mach  number of 1.2 was  con- 
secutively lower for  the nose inlets of higher c r i t i c a l  Mach number, 
and the  pressure-drag  coefficient of the longest nose M e t  was in the 
range of pressure-drag  coefficient for two solid noses of fineness 
r a t i o  2.4 asd 6.0. For Mkch numbers below the Mach number of the 
supercritical drag rise, extrapolation of the test data indicated that 
the external drag of the nose in l e t s  w a s  l i t t l e   a f f e c t e d  by the addition 
of central bodies a t   o r  slightly below the minirmzm inlet-velocity  ratio 
f o r  unsepmated  central-body flm. The addition of central  bodies t o  
the nose inlets also led to no appreciable  effects on either  the Mach 
number of the  supercrit ical  drag rise, or, for Met-ve loc i ty  ratios 
high enough t o  avoid a pressure peak at the inlet lip, on the c r i t i c a l  
Mach number. The total-pressure  recovery of the  inlets  tested,  whfch 
were of  a subsonic  type, was sensibly unimpaired at  the  supersonic Mach 
number of 1.2. Low-speed measurements of the minimum inlet-velocity 
r a t i o  for  unseparated  central-body  flow appem t o  be applicable  for Mach 
numbers extending to  1.2. 
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IKCRODUCTIOR 

The developnent of a series of nose inlets for application  to high- 
speed aircraf t  is reported in reference 1. This series of nose inlets ,  
designated as the RACA 1-series, was investigated  later  (reference 2) 
w i t h  protruded  central bodies suitable for propeller  spinners  or 
accessory housings. Since the tests of references 1 and 2 were con- 
ducted principally at low speeds,  high-speed characteristics were pre- 
dicted from lox  Mach number data. 

A subsequent investigation has therefore been undertaken for  the 
purpose of studying the aerodynamic characteristics of EACA 1-series 
noae inlets at supercritical speeds. The surface pressure-distribution 
a d  external-drag  characteristics of three representative nose inlets 
of the  series  are  reported in reference 3 f o r  Mach numbers extending up 
t o  0.95. The present  paper reports for these nose Fnlets a study of 
additional  pressure  distributions and a study of the  effects of several 
protruded  central  bodies on the external  pressure  distribution,  the 
external drag,  and the total-pressure losses of the internal flow. The 
nose-inlet pressure distributions were measured f o r  Mach numbers of 
approximately 0.4, 0.8, and 1.2, and central-body  effects were investi- 
gated  for a range of Mach number from 0.4 t o  0.925 and at a Mach number 
of 1.2. An elliptical-nose body was also tested for the purpose of 
comparing the  pressure  distribution of an RACA 1-series nose inlet  with 
that of a solid  streamline nose at transonic speeds. 
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duct  area 

external drag coefficient, based on ~ l m u m  nose-Inlet 
frontal  area 

external  pressure-drag  coefficient, based on maximum nose - 
inlet   frontal   area 

nose-inlet maxim diameter 

resultant of pressure  forces  acting on external surface, 
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resultant of pressure forces acting on internal  surface, 
positive in drag direction 
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total-pressure decrement from free stream t o  inlet rake 
st at ion 

AEl 

internal mass-flow rate m 

M 

Mcr 

Mach number 

c r i t i c a l  Mach number, free-stream Mach number at which 
l O C d  Sonic  Velocity is  first 8tta-d 

static  pressure P 

P pressure  coefficient r 
Pcr c r i t i c a l  pressure coefficient,  corresponding to  local 

Mach  number of 1.0 

dynamic pressure ( &v2) 9 

radius, measured from nose-inlet  center line r 

rL 

rm 

nose-inlet l i p  radius,  inches 

radius of nose-inlet diffuser wall a t  entrance  rake 
s ta t ion,   1~38f3~ed from nose-inlet  center llne 

radius of central body, me8gured from nose-inlet  center 
l i ne  

v Velocity 

axial distance,  positive rearward,  inches X 

ordinate measured perpendicular to  reference line, inches Y 

average  total-pressure-loss  coefficient 

angle of attack of nose-Met  center line, deg U 

e 

air mass density P 
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Subscripts: 

0 free stream 

1 nose-inlet  entrance 

d in l e t  rake  station 

3 

The investigation was made in   the  LELnaey 8-foot-high-speed  tunnel 
and involved  the  use of two different test sections and model support 
systems. One arrangement (described ~n reference 3) consisted of a 
sting-strut  support system mounted i n  the conventional subsonic t e s t  
section. A photograph  of this ins ta l la t ion  i s  given as figure l(a). 
The other arrangement consisted of the model support system, shown 
schematically fn figure l ( b )  with  the models mounted i n  the 1.20 ( n o m i d )  
Mach nunber supersonic test  section. The supersonic test  section had 
a clrcularc cross  section  with a diameter of approximately 94 inches. 
Mach number distributions along the  center line with  the  tunnel empty 
are given i n  figure 2. 

Models. - The three W C A  1-series nose in l e t s  tested are  designated, 
after the method of reference 1, as the RACA 1-63-030, HACA 1-50-100, 
and RAW 1-40-200 nose in le t s .  Theee inlets represent E critical-speed 
cross  section of the NACA 1-series nose inlets. Design c r i t i c a l  Mach 
number and design (minimum) inlet-velocity  ratio measured for  these nose 
inlets in   the  low-speed tests of reference 1 are gfven in t h e  following 
table : 

MACA nose inlet %r ( V d V O  

1-65-050 

.40 .815 1-40-200 

.20 795 1-50-100 

0.18 0.700 

The nose-inlet models used in  the  present  investigation were previously 
used in the t e s t s  of reference 3 .  Two of +ihese in l e t s ,  the 
NACA 1-65-050 and U C A  1-50-100 nose inlets, were tested  with  central 
bodies  representative of propl ler   spinners  or accessory  housings. 

. .. 
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The t e s t s  a lso  included an e l l i p t i c a l  nose which consisted of half an 
ell ipsoid of fineness r a t i o  '(major-to-minor-axis r a t io )  2.4. The 
critical Mach  number of this nose was approximately  equal t o  the  design 
c r i t i c a l  Mach  number of the NACA l - 5 O - l o O  nose inlet. A drawing of the 
model combinations tes ted i s  shown i n  figure 3, and the central-body 
ordinates are given in  figure 4. 

The central-body  diameters at the inlet were such as to   ra i se  the 
inlet-velocity  ratio from the  design mfnimum value f o r  the open nose 
M e t  t o  approximately 0.35- at  the  nose-inlet  design mass-flow rate .  
Central  bodies A a i d  D, which were tested  with  the NACA 1-65-050 and 
NACA 1-50-100 nose inlets, respectively, were ellipsoids  with a major- 
to-minor-axis ratio of 3.  In addi t ion  to   the  e l l ipt ical   central  body, 
two conid-type  central  bodies,  designated as central  bodies B and C, 
were also  tested  with  the RACA 1-63-050 nose in le t .  These -central 
bodies had 60° conical  noses and were of equal diameter a t   t h e  inlet, 
but differed  in  the amount of  protrusion and in   the manner in which the 
conical  surface was faired  into  the  surface of zero slope at the in le t .  
The transition  surfaces were of a .parabolic  profile for each central 
body, but the  distance from the inlet t o  the  point of tangency of the 
conical  surface and the  parabolic  surface was set equal to  the  inlet-  
annulus width f o r  central body B and t o  twice  the  inlet-annulus width 
for  central  body C. For both  conical  central  bodies, the axis of the 
parabolic  portion of the  profile was contained in  the  inlet   plane.  

Tests in  subsonic tes t   sect ion.-  For the   t es t s  in the  subsonic 
test section,  the nose W e t s  were mounted on the NACA 111 afterbody 
shown in  f igure 5(a), wbich was previously  used in the tests of refer- 
ence 3. Data were recorded f o r  a r a g e  of Mach  number from approxi- 
mately 0.4 t o  0 .&. The corresponding Reynolds number range, based on 
nose-met  maximum diameter  extended  from  approximately 610,000 
t o  940,OOO (reference 3).  The angle of attack was near  zero, but varied 
among the models from -0.3O to 0.lo. 

The same measurements reported  in  reference 3 were made during  the 
t e s t s  In the  subsonic test section. Nose-Met pressure  distribution 
was measured by a row of pressure  orifices on the upper surface l y ing  
in a  vertical  plane  through  the  axis, and the  external  drag was measured 
by a wake-survey rake  ( f ig .   l (a)) .   Wet-veloci ty   ra t io  was calculated 
from measurements made with a rake of total-pressure and static-pressure 
tubes which spanned a venturi throat  In the internal-flow ducting as 
descrifed  in  reference 3. The minimum value of  the  inlet-velocity ratio 
fo r  the tests in   the  subsonic test section was zero and the maximum 
value, which depended on the Mach  number eSa model configuration, was ' 
approximately 0.6. 

Tests Fn mzpersonic test   section.-  For the tests in the  supersonic 
test   section,  the models were  mounted on a 3.5-inch-diameter  tube 
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su'spended along the axis of the tunnel, as shown in  f igure l ( b ) .  The 
connecting members &;tween t h i s  tube and the   in le t  models are shown i n  
figure 5(b).  In addition  to tests at a Mach number of 1.2, (Reynolds 
number, approximately 980,000) tests were a l s o  made in the supersonic 
test section a t  Mach numbers of approxhnately 0.4 and 0.8, fo r  w h i c h  
Mach number gradients at the model were small (fig.  2) . All tests in 
the  supersonic test section were made at zero angle of at-tack. 

Measurements of nose-inlet  pressure  distribution,  internal mass- 
flow rate, and total-pressure loss near the inlet were made during the 
tests in the  supersonic test  section. As splovn in figure l(b), the 
internaJ- flow was ducted  through the 3.5-inch-diameter  tube located 
along the tunnel axis, and exhausted  through a thro t t le   in to  the tunnel 
diffuser.  Inlet-velocity  ratio was calculated from measurements made with 
a rake of total-pressure and static-pressure tubes in  the  venturi   throat 
shown i n  figure 5(b). The inlet-velocity-ratio range of these tests 
extended from zero t o  a maximum value of 1.34. Total  pressure  near  the 
inlet was measured for the NACA 1-65-050 and NACA 1-50-100 nose-inlet - 
central-body  combinations bp total-pressure' rakes mounted at  the stat ions 
indicated in figure 3. 

The values of Wet-veloci ty   ra t io   given  in  this paper are nominal 
values  calculated from the mass flow and inlet area. Isentropic flow . 
was assumed from the free stream t o  the inlet for  subsonic Mach numbers, 
and a normal shock was assumed ahead of the W e t  for  the  supersonic 
Mach number, with isentropic  flow from the shock to the inlet. These 
assumptions are valid f o r  nose i n l e t s  under the conditions of the tests 
reported hereb, but  the flow entering the inlet of nose-inlet - central-  
body combinations  without boundary-layer control  departs  appreciably 
from isentropic  conditions. However, for  the combinations of inlet- 
veloci ty   ra t io  and inlet total-pressure loss of these tests, an analysis 
showed that the largest   error in the calculated  value of the i n l e t -  
velocity r a t l o  caused by neglecting  the M e t  total-pressure ~ O S S  was 
approximately 0.02. 

Condensation of water  vapor i n  the tes t   sect ion was present  during 
some of the t e s t s  st the  supersonic Mach  number. This -condensation 
reduced the test Mach number by approximately 0.02. The maximum ef fec t  
of tunnel-wall  constriction on the test  Mach number at subsonic Mach 
numbers was less   than 1 percent. Because of the small magnitude of 
condensation and wind-tunnel-wall corrections t o  the data of these tests, 
no corrections have been applied. 
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A l l  data w e r e  obtained in the tests f r o m  pressure measurements and 
the most l ike ly  source of error  in the measurements resulted from the 
practice of reading  the manometer l iquid height to the  nearest  manmeter 
scale  graduation. The maximum error  in  pressure  coefficient caused by 
this practice was at the lowest test Mach llumber asd was approxi- 
mately +0.005. The error in drag  coefficient , whfch was a Function of 
Mach number and wake width, was l e s s  than approximately *6 percent a t  
the lowest &ch number, 22 percent at  the   c r i t i ca l  Mach number, and 
*4 percent at the  highest  subsonic Mach  rmmber asd wake-width condition 
of the tests. 

The computation of inlet-velocity r a t i o  w a s  least  accurate at the 
lowest  inlet-velocity ratios, lowest Mach  number, and f o r  the inlet of 
the  least   area.  Accordingly, at inlet-velocity  ratios of 0.1 and lower, 
the  calculated values of Met -ve loc i ty   ra t io  could have ranged from 0 
t o  0.2; whereas-at   Met-velocity  ratios of 0.3 and higher, the error 
i n   Me t -ve loc i ty   r a t io  was less than  approximately k0.04. These 
errors  in  inlet-velocity r a t i o  are  believed to have no significant  effect  
on the.conclusions of this paper. 

Nose Inlets 

Surface  pressure  distributions. - The surface  pressure  distributions 
presented in figure 6 were measured during the t e s t s  in the supersonic 
test  section.  Negligible  dffferences were found between the pressure 
distributions measured at subsonic Mach numbers during these t e s t s  and 
those measured at  c q a r a b l e  Mach numbers and inlet-velocity  ratios f o r  
the model support system which w a s  used for  the tests in the subsonic 
test section. The pressure  distributions of figure 6 fo r  subsonic Mach 
numbers axe therefore Wid f o r  nose in l e t s  mounted on afterbodies 
similar t o  the afterbody  used  for the t e s t s   i n  the subsonic test   section. 

The subsonic  nose-inlet  pressure  distributions of figure 6 are in 
essential  agreement with the  pressure  distributions  discussed  in refer- 
ence 3. Some modifications to  the  discussion of the characteristics of 
the NACA 1-65-050 nose inlet in reference 3 are necessary, however, as 
a resul t  of data  obtained  with an addi t ional  pressure or i f ice  used i n  
the present  tests. It was stated  in  reference 3 that the  pressure peak 
induced at the l i p  of the NACA 1-65-050 nose inlet by low inlet-velocity 
ratios at low Mach numbers w a s  absent at and above the c r i t i c a l  Mach 
number. As shown i n  figure 6 ( a ) ,  however, a pressure peak near  the 
inlet l i p  i s  indicated by the additional  pressure  orifice 6 = 0.06) at 
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I zero inlet-velocity  ratio  for  the  supercritical  Mach  number of 0.81. 
The  reduction of Met-velocity ratio  to  zero has therefore  more  effect 
on  the  critical Mach number  of  'the NACA 1-65-050 n06e m e t  than was . 
indicated  in  reference 3. Because of the  limited  number  of  pressure . 

orifices  available on the  small-scale models of  the  tests,  critical I 

Mach nmier cannot be accurately  measured  for conditions for  which  the 
lowest  surface  pressure  exists as a sharp peak. Fortunately,  however, 
knowledge of the  critical Mach number  at low inlet-velocity  ratios  for 
the NACA 1-65-050 nbse  inlet  is  relatively  unlmportsnt  inasmuch as the 
drag  measurements of reference 3 shared  for  this  nose  inlet no effect, 
of inlet-velocity  ratio on the  Mach  number of the  supercritical  drag 
rise,  and,  furthermore, only a 8m87-1 effect  of Wet-velocity ratio on 
drag  coefficient  was shown throughout  the  Mach  number range of  the  tests. 

At inlet-velocity  ratios  for  which  the  pressure  gradient  is 
favorable  from  the  nose-inlet  lip  to the maxiruum diameter,  the  pressure 
distributions  of.&  three  nose  inlets  at  the  supersonic  Mach  number 
(flxs. 6(a), 6(e), and 6(g)) are  somewhat similar to the  pressure 
distributions f o r  subcritical Mach numbers.  However,  the  pressures  for 
the  supersonic Mach number  are  more  positive  over  the  forward part of 
the  inlet, and the  position of the  negative  peak-pressure  coefficient 
and  the  point  at  which  the-pressure  coefficient has returned  to  zero 
have moved fbther  rearward.  From  the  point of minimum pressure  near 
the  nose-inlet maximum diameter,  the f low is gradually recompressed  to 
free-stream  pressure. 

The maximum induced  velocities  at  the  supersonic Mach number vary 
with nose-met proportions in the  same  manner as for  subsonic Mach 
numbers:  the maximum induced  velocity.is  lower  for  the  nose  inlets  of 
higher  critical  Mach  number.  The  reduction  of  the  inlet-velocity  ratio 
to  zero  led  to a pressure  peak  at  the  inlet  -lip only  for  the 
NACA 1-40-200 nose  inlet. 

A cqrison of the pressure,coefficieats QII the elliptical  nose 
and the NACA 1-50-100 nose  inlet  at  selected  inlet-velocity  ratfos  is 
sham in figure 7 with the pressures  plotted a t  equal dietmces from 
the  maximum-diameter station. Although the shapes  of the pressure 
distributions forward of the  polnt o r  maximum induced  velocity are  
similar,  the  pressures over the nose inlet &re more  positive  than  those 
for the  elliptical  nose in this  region.  The  compression of the flow 
rearward from the  point of maximurm induced  velocity  appears  to  be sone- 
what  more  rapid for  the  elliptical nose at the  twci  subsonic  Mach numbers 
and  distinctly  more  rapid  at  the  supersonic Mach number. 

Supersonic  pressure drag. - External  nose-inlet,pressure itrag has 
been  evaluated  from  the  supersonic  pressure  distributions of the  nose 
inlets.  The  external  pressure  drag  of a nose inlet I s  obtained  by 
consideration of a hypothetical body consisting  of  the  nose  inlet  with 

r n "  
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I a long, tapering  afterbody, the taper be- so gradual that the 
* pressure on the asterbody i s  stream pressure  (fig. 8). The external 

pressure  drag is then  defined as the sum of the dragwise components of 
the  pressure  forces  acting  externally and internally on the body minus 
the  internal  drag  resulting from the total-pressure loss of a normal 
shock assumed ahead of the inlet. This  relationship is given by the 
following expression: 9 

k. '4.- 
" L 

D* = F, + pi m(vo - 
1( 

The force Fe w a s  ob taked  by integration of the measured 
pressures  acting on the nose inlet and the free-stream  pressure assumed 

flow was assumed isentropic  domstream from the normal shock. The exit 
area of  the  internal-flow  duct  could  then be calculated as a function of 
inlet-velocity r a t i o  from the internal mass-flow r a t e  and the assumption 
of free-stream  pressure  acting st the exit. Given the internal mass- 
f l o w  ra te  and inlet-velocity  ratio,   the  resultant  force  Fi  acting 
on the   intern1  surface of the body was then  calculated from the momen- 
tum and pressure of the  flow at  the inlet and exit: 

I acting on the  afterbody. In calculating the force . Ff , the internal 

c 

The external  pressure-drag  coefficients  of.,the  three nose inlets 
obtained in  t h i s  manner are plotted in figure 8 as a Function of inlet- 
velocity  ratio.  The external pressure  drag  calculated by the  preceding 
method is exactly equal t o  the value given by the sum of the  external 
and additive drags of reference 4. 

L 

The pressure-drag  coefficients of two solid bodies  with e l l i p t i c a l  
noses are d s o  given in figure 8 f o r  the sake of comparison. These 
drag  coefficients were calculated w i t h  the  assumption of the same type 
of hypothetical  afterbody assumed f o r  the  nose-inlet  calculations. 
Obvfously, f o r  the   e l l ip t ica l  noses,  the  afterbody wa's closed so that 
the  pressure-drag  calculation became simply an integration o f  the 
measured pressures over the noses and the free-stream  pressure assumed 
acting  over  the  afterbody. The drag  coefficient  given in  fie= 8 for 
the   e l l ipsoid fineness ratio of 2.4 was obtained from integration of 
the  supersonic  pressure  distribution of the   e l l ip t ica l  nose of figure 7. 
The drag  coefficient indicated f o r  the  ellipsoid  fineness r a t i o  of 6.0 
was obtained from integration of the  pressure  distribution f o r  a Mach 
number of 1.2 over the forebody of the  ell ipsoid used in the   t es t s  of 
reference 5. 

Comparison of figure 8 shows that, over the range of test in le t -  
velocity  ratio,  the external pressure-drag  coefficfent was consecutively 
lower f o r  the nose inlets of greater  length ra t io .  The nose-inlet 
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length  ra t io  .cannot by itself serve as an Tpdex of the  pressure drag, 
.but  for the  rawe of i n l e t  diameters involved Ln the three nose i n l e t s  
tested, the length r a t i o  i-s the mfe   def in i t ive  parameter. For each 
nose inlet, the  drag  coefficient Whished with increasing  inlet- 
velocity ratio,  but tended t o  diminish more gradually st the higher 
inlet-velocity  ratlos.  The pressuredrag coefficlent of the  longest 
nose i n l e t  a t  useful. inlet -veloct ty   ra t ios  i s  shorn t o  be within  the 
range of pressure-drag  coefficient  for the two solid noses. 

Nose-Met - Central-Body Combinations 

Surface  pressure  dlstribut  ions. - Rose-inlet  pressure-.  distributions 
are given i n  figures 6(b),  6(c), and 6(d) for  the mACA 1-65-050 nose 
inlet   with an e l l i p t i ca l  two contcal  central  bodies.  Pressure dis- 
t r ibut ions  for   the XACA 1-p-100 nose inlet with an e l l ip t ica l   cen t ra l  
body are  given i n  figure 6tf). Cmrparisans nf the nose-inlet  pressure 
distributions -of the NACA 1-65-03 nose inlet with  those for  the inlet 
f i t ted with each of the three central bodies are shown in   f igures  9 
a,hd Lo, as measured ln the supersonic -esd subsonic tes t  sections, 
respectively. A similar amparison is given  for  the NACA 1-~-100 nose 
inlet i n  f igure 11. The Met-velocity  ratios  given f o r  the comparison 
of figures 9 and 11 are the lowest -and highest values available for  
compari-son, whereas the inlet-velocity  ratio of figure 10 was selected 
to   obtain a pressure  distribution  without a peak a t  the  inlet  l ip .  The 
addition of any of the c e n t r d  bodies at R given inlet-velocity  ratio 
l e d   t o  only a small eWect m the  nose-inlet  pres-sure  distribution  for 
all Mach numbers. The apparent  effect of central  body A on the pressure 
distribution of the EACA 1-65-UT nose m e t  l f l g .  10) i s  believed t o  
have been caused by a discrepancy in  the  angle of attack f o r  the  test  of 
th i s   cen t ra l  bdy. Thus the   c r i t l -ca l  Mach  number of the noee in l e t s  may 
be assumed t o  be the cri$i& Mach  number of the  nose-inlet - cen t rd -  
body cmbinationa.  Furthemare, the small ef fec t  of c e n t r a l  bodies on 
the p r e s m e  near maximum diameter ind ica tes   l i t t l e   e f fec€  of sp€nnere 
on the characterist ics of khe suyercrlt ical  drag rise. 

External d r a g . -  The e e r n a l  drag caefficient i s  presented  for 
selected Mach numbers 8 s  B f u n d i o n  of inlet -veloci ty   ra t io   in  figures 12 
and 13 for the XACA 1-63-050 ana NACA 1-50-100 nose T a t s  with and 
without central  boELies. A t  Mach numbers below the Mach number of the 
supercrit ical  drag rise.,  the  effect af' Inlet-yelocity ratio on the  drag 
coefficient was small for  all canflgurations  except the NACA 1-65-050 nose 
inlet with central body C ( f ig .  12(d)) and the NACA 1-50-100 npse inlet 
with  central  bow D ( f fg .  13(b)), for w h i c h  mseB ah appreciable increase 
in drag resultea when the inlet-velaci ty   ra t io  was reduced from approxi- 
mately 0.35 t o  the lowest te-st d u e s .  



Comparisons of the ex+rd drag of the NACA 1-65-050 and 
NACA l -5O- lOO nose in le t s  with the external drag of these inlets f i t t e d  . 
with central  bodies  are  presented in  figures 14  and 15. These m v e s  
were obtained from faired plots  i l lus t ra ted  fn figures I 2  and 13, and 
the  inlet-velocity  ratios chosen f o r  the comparisons are the lowest and 
highest  values f o r  which the data permit a satisfactory comparison. The 
Easured   c r i t i ca l  Mach numkrs are  indicated f o r  each configuration. As 
previously mentioned, the critical Mach numbers Fndicated f o r  the lower 
inlet-velocity  ratios were not accurately measurable. The c r i t i c a l  Mach 
m b e r  indicated f o r  central  body A at 0.2 inlet-velocity  ratio (fig. 14) 
is  believed t o  be higher than those indicated for the  conical  central 
bodies and the gose i n l e t  alone 8s a resul t  of the small negative  angle 
of attack  (-0.3 ) for the test of this   central  body. As previously 
inferred from the  pressure-distribution measurements and 88 verified by 
the drag curves f o r  the IWCA 1-65-050 nose inlet  with  central  bodies 3 
and C ( f ig .  14), the  central  bodies had little effect  on the  super- 
c r i t i c a l  drag  characteristics. Drag data f o r  the tests with e l l i p t i c a l  
central  bodies  are  presented only  up t o  Mach numbers slightly  greater 
than  the  cri t ical  Mach number because a wake-survey rake of length 
adequate t o  nreasure the shock losses was not  available a t  the time of 
those  test  6. 

For both inlet-velocity  ratios and for Mach numbers  below the Mach 
number of the  supercritical drag r i se ,  the drag comparisons of figure 14  
indicate that the external drag of the MACA 1-65-050 nose M e t  was 
l i t t l e   a f f e c t e d  by the  presence of  the e l l ip t i ca l   cen t r a l  body A, whereas 
the  drag was increased  sawwhat by the pEsence of both the c o n i c a l  
central  bodies B and C. The external  drag of the NACA 1-5U-100 nose 
in le t  ( f ig .  15) was increased by the presence of the   e l l ip t ica l  central 
body D f o r  both inlet-velocity  ratios.  

As will be Shawn later,  the  higher  inlet-vklocity  ratios  given for 
the  drag comparisons  of figures 14  and 15 are kwer  than the mfnirmnn 
values  desirable from the  standpaint of Lternal-flow pressure  recovery. 
For the Mach  number range  extending t o  s l igh t ly  beyond the   c r i t i ca l  Mach 
number, some indication of the effect  of central  bodies on the external 
drag coefficient-at  higher  inlet-velocity  ratios may be obtained from 
reference t o  figures 12 and 13. The higher Met -ve loc i ty   r a t io s  given 
f o r  the drag comparisons of figures 14 a,& 15 were limfted by the In le t -  
velocity-ratio  range for the nose-inlet-alone t e s t s .  However, a  con-- 
sideration of the  effects on the  external  pressure dis t r ibut ion resulting 
f r o m  increasing  the  inlet-velbcity  ratio beyond the  design m i n i m u m  value 
leads t o  the  belief that, f o r  the NACA 1-69-050 and NACA 1-50-100 nose 
i n l e t s ,   l i t t l e  change would occur i n  the drag coefficients if the inlet- 
velocity  ratio were increased t o  the  maximum values  obtained for   the 
t e s t s  w i t h  the  central  bodies. E then  the  values of the drag coeffi- 
cients shown i n  figures =(a) and 13(a) f o r  the highest t e s t   i n l e t -  
velocity  ratios and for Mach numbers  below the Mach number of the 
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supercritical  drag rise are extended t o  higher inlet-velocity  ratios,  
it can be seen that these  values  are l i t t l e  different frm the values 

combinations at inlet-veloci ty   rs t ios  of approximately 0.4. This  value 
of inlet -veloci ty   ra t io  is s l igh t ly  lower than  the minimum inlet-velocity 
r a t io   fo r  unseparated  central-body flow, which will be discussed 
subsequently. 

* of the  drag coef Yicients measured for   the .nose -inlet central-body 

Internal flow.- For nose-inlet - central-body  combinations a 
minimum inlet-velocity  ratio exists below which the central-body 
boundary lay-er separates under the influence of the  pressure rise ahead 
of the inlet. Minimum inlet-veloci ty   ra t ios   for  the NACA 1-series 
spinners, which are similar t o  e l l ipsoidal   central  bodies, are given 
in  reference 2. It was found in  reference 2 that the  adverse  pressure 
rise acting on the central-body boundary layer ahead of the  inlet  could 
be reduced by the  use of a central  body  which, ahead of the  inlet ,  had 
the shape of a right circular cone. For a given inlet diameter, how- 
ever,  the volume of a conical  central body available for housing pro- 
pe l le r  hubs o r  engine  accessories w i l l  be less  than that of a conven- 
t ional   central  body with a prof i le  similar t o  an e l l ipse .  - T h e  two 
central  bodies B and C were therefore designed for tests with  the 
NACA 1-65-050 nose W e t   t o  determine if a modification  could be made 
to a conical  central body to  increase i t s  volume without  seriously 
affecthig  the minirmrm inlet-velocity  ratio  for  unseparated  central-body 
flow. 

The  resu l t s  of the  internal-flow  total-pressure measurements a t  
the  stations  indicated i n  figure 3. are presented for the NACA 1-65-050 
and NACA 1-50-100 nose-inlet - central-body  combinations in   f igures  16 
and. 17. A t  the lowest inlet-velocity  ratios for all nose-inlet - central- 
body combimtions,  the total   pressure lo s s  across the annulus is high, 
as a resu l t  of flow  separation from the  central-body  surface ahead o f . t h e  
in le t .  As the  inlet-velocity  ratio i s  increased and the back pressure 
acting on the  central-body boundary layer i s  reduced,  the-central-body 
boundary layer  attaches and follows  the  surface of the  central  body 
into the inlet. Thus the  greater part of the flow enters the W e t  with 
no l o s s  of total   pressure  for   the subsonic Mach numbers  and with  the 
very andl loss (less.& 0.018 (H, - p,))  sustained through the shock 
ahead of the  inlet  for the  supersonic Mach numbers. As the  inlet-  
velocity  ratio i s  increased  further,  the  central-body boundary layer 
becomes thinner and, at s t i l l  higher  inlet-.velacity  ratios-,  appreciable 
losses  arise from flow  separation from the  inner surface of the inlet 
l i p  (figs.   16fc) and 17). This flow separation, which may become 
important at the lower part  of the  inlet  for  high  angle-of-attack  condi- 
t ions,  can be avoided by the  use of a thicker  inner-lip  fairing. 
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The average total-pressure loss coefficient of the flow at the 
inlet  rake  station is presented  in  figures 18 and 19 as a function of 
inlet-velocity  ratio. For some configurations, the spacing of the 
tubes of the  total-pressure rake was not  the optirmrm. The values of 
total-pressure loss coefficient may not,  therefore, be accurate  for 
conditions where appreciable  curvature w a s  indicated  for  those  portions 
of the  curves of figures 16 and 17 which  were extrapolated over a 
relatively large distance t o  the  central-body  surface. Eowever, the 
tube  spacing is-not  believed t o  hve f’undmentally a l tered the shapes 
of the  average  total-pressure loss coefficient  curves. 

As shown in  figures 18 and 19, for  all nose-inlet - central-body 
combinations a t  all t e s t  Mach numbers, the minimum average to ta l -  
pressure loss coefficient was small (less  than 0.03 (Ho - p,)). The 
total  pressure  recovery of these subsonic inlets was thus sensibly 
unimpaired at  the  supersonic Mach number of 1.2. 

A comparison of the  curves of figure 18 f o r  a Mach number  of 0.8 
indicates that f o r  each  configuration, as the   Met-veloci ty   ra t io  n s  
reduced front the maxlrmrm test value,  the  inlet-velocfty  ratio  at which 
the  total  pressure 1 O S S e S  began t o  rise was approximately the same, but 
the loss increase w a s  much  more abrupt f o r  the conical  central  bodies B 
and C .  The addition of the parabolic curve t o  the profi le  of the 
conical  central  bodies ahead of the inlet presumably abrograted  the 
advantages of the wholly conical  central body by steepening the adverse 
pressure  gradient j u s t  ahead of the W e t  as a result of the induced 
velocities over the curved parabolic  surface. 

The central-body boundary layer may have  been laminar a t  the  point 
of separation  for  the models of these  tests.  A lower minimum inlet- 
velocity  ratio for unseparated  central-bcdy  flow m i g h t  result  therefore 
in  a ful l -scale   instal la t ion if the Reynolds number and surface rough- 
ness were such as to induce  boundary-layer t ransi t ion ahead of the 
sepazation  point. 

The dashed curves  of figures 18 and 19 were interpolated from 
unpublished data gathered f o r  MCA 1-series  spinners i n  the  investiga- 
tion  reported  in  reference 2 .  These curves were interpolated f r o m  
total-pressure measurements just  inside the W e t  for two spinners of 
the  proportions of the two e l l ip t ica l   cen t ra l  bodies of the present 
tests. Since  there is l i t t l e  difference in NACA 1-series or   e l l ip t ica l  
profiles when applied t o  given central-body  proportions, no significant 
differences  are  expected  in the aerodynamic dmracter is t ics  of central 
bodies  with  either of  these  profiles. Although the dashed curves of 
figures 18 and 19 were obtained from measurements w i t h  an NACA 1-83-050 

when the distance fram the central-body  surface t o  the i n l e t   l i p  
is 0.075D or  greater,  central-body  flow-separation  characteristics Eire 

- and NACA 1-33-050 nose inlet,  respectively,  reference 2 has shown that ,  

.. - 



essent ia l ly  independent of the  proportions of the mae in le t .  The I 

t icks  shorn 'on  the  curves  denote  the minimum inlet-velocity  ratio for  - 

unseparated  spinner  flow as specified  in  reference 2. 
No large  differences were  Pound in   the  average total-pressure-loss 

curves of the  ell iptical   central   bodies of the  present  tests and the 
NACA 1-series  spinners of reference 2 f o r  widely different Mach numbers 
(figs.  18(a) and 19). The disagreement shown in   f igure 19 between the 
data at 0.13 Mach number and the data point at the lowest inlet-velocity 
r a t io  a t  0.4  Mxh number i s  probably due principally  to  the  difference 
i n  Reynolds number.  The minimum inlet-veloci ty   ra t io   for  which the 
total-pressure losses remained near minimum levels decreased  apprecfably, 
however, for  the  conical  central  bodies B and C, when the Mach number 
was increased from 0.8 t o  1.2 (f igs .  18(b) and 18(c)).  

From figure 18(a), it is  indicated that the low-speed measurement 
of the minimum inlet-velocity  ratio  for unseparated  central-body flow 
given in reference 2 is  directly  applicable  at  Mach numbers extendfng 
up t o  1.2. The val idi ty  of the low-speed minim  in le t -ve loc i ty   ra t io  
for higher Mach numbers i s  not as reliably  established in figure 19, 
but if there is a difference in the low-speed minimum inlet-velocity 
ratio  indicated by the  t ick and the  inlet-velocity  ratio of  the  total-  
pressure-Loss  increase a t  higher Mach numbers, the difference cannot 
be large. 

CONCLUSIONS 

The following canclusions axe drawn from an investigation of three 
NACA 1-series .nose inlets and four nose-inlet - central-body  combinations 
a t  subsonic Mach numbers and a t  a supersonic Mach  number of 1.2: 

1. For the nose inlets,  the  external  pressure-drag  coefficient a t  
a Mach  number of 1.2 was consecutively lower for  the nose inlets of 
greater .length ra t io .  The  exterml  pressure-drag  coefficient  for.  the 
longest nose inlet w a s  i n  the range of pressure-drag  coefficient  for 
two  solid noses of fineness  ratio  2.4 and 6.0. . .. 

2. For Mach numbers  below the Mach  number of the supercritical drag 
rise,  extrapolation of the test  data indicated that the external  drag 
of the nose inlets w a s  l i t t l e   a f f ec t ed  by the  addition of central  bodies 
a t   o r   s l i gh t ly  below the minimum inlet-velocity  ratio for  unseparated 
central -;lady flow. . .  , , . . . " ~ " .  . . I.. .~~ - _ I  . - _I - "." . .. 

3. The addition  ofcentral  bodies  to  the nose in le t s   l ed  t o  no t 

appreciable  effects on e i ther   the Mach number of the  supercritical  drag 
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rise  or,  for  inlet-velocity  ratios high enough to ctvoid a pressure  peak 
at  the  inlet  lip, on the  critical Mach ntmber. 

4. The  total-pressure  recovery of the  inlets  tested,  which w e r e  of 
a subsonic type, w a s  sensibly  unimpaired  at a Mach nm&r of 1.2. 

5 .  A comparison of the  inlet  total-pressure  losses f o r  871 .elliptical 
and two  conical-type  central  bodies  showed  that  the minhum inlet- 
velocity  ratio below which  the  inlet  total-pressure losses began  to 
rise  was  approximately  the  same,  but  the l o s s  fncrease was much more 
abrupt  for the conical-type  central  bodies. 

6. Low-speed  measurements  of  the minimum inlet-velocity  ratio  for 
unseparated  central-body f l o w  a m a r  to be applicable  for Mach numbers 
extending up to 1.2. 

Langley  Aeronautical  Laboratory 
National  Advisory  Committee  for  Aeronautics 

Langley  Air  Force Base, Va. 
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(a) Model ana wake-survey rake In eubsonic t e s t  section. 

Figure 1. - Model installation  in Langley 8-foot high-speed tunnel. - 
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Figure 2.- Mach INmber distributions along the tunnel center line in the 
supersonic test section. Tunnel empty. 
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( a )  M, = 0.40. 

Figure 9.- Effect of central badies on surface presaure distributiw of WCA 1-65-0050 noBe inlet. 
a = 00. 
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(b) Central body A; a = -0.3O. 

Figure 12.- Continued. 
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(c) Central body B; a = 0.1'. 

Figure 12. - Continued. 
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(a) Central body C; a = 0.1’. 

Figure 12.- Concluded. 
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Figure 13.- Variation of external-drag coefficient with inlet-velocity 
r a t io .  NACA 1-50-100 nose inlet with and without central body. 

. 



46 NACA €34 L9L23a 

M a c h  n u m b e r ,  Mo 

Figure  14.- Effect of central  bodies on externaldrag coefficient. 
NACA 1-65-050 nose -inlet. a Z Oo. 
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Figure 15.- Effect of central body on external-drag  coefficient. 
NACA 1-50-100 nose W e t .  a z oO. 
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(a) Central body A. 

Figure 16.- Distribution of total-preseure-loas  coefficient of internal 
flow near inlet. NACA 1-65-050 nose-inlet - central-body 
combinations. a = Oo. 
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(b) Central body B. 

Figure 16.- Continued. 
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Figme 17.- Distribution of total-presaure-loas coefficient of internal  
flow n2ar in l e t .  MACA 1-50-100 no6e W e t  with central  body D. 
a = oO. 
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F i w e  18.- -Yariation with inlet-velocity r&tio of average to ta l -  

pressure-loss coefficient of internal flov ne= inlet. 
NACA 1-55-050 nose-inlet - central-body cmbinatione. a = Oo. 



. . . . . . . - 

b 

I JNCLASSIFIED 

.4 
- NACA 1-55-050 nose inlet with spinner 1-333-050 

5 at MI, =0.13 (reference 2) r 
0 - M O  0 . 

= + . 2  
\ 

.80 
0 1.20 

0 zo 
\ 

b a$& -3 1 0 .40 

01 

Inlet- v e l o c i t y  r a t l o  , V ,  / V o  v 
0 -  

0 .2 .4 .6 .a I ,o I ,2 I .4 - 
UNCLASSIFIED 

Figure 19.- Variation with inlet-veloclty ratio of average total-pressure-loa6 coefficient of inhrnal 
flow near inlet. IPACA 1-50-100 none I n l e t  with central body D. a = @. 
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