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TESTS OF A S " S C A L E  NACA STBMFXXD INIJPlI 

AT -0NIC MACH NOMBEEE - 

By L. Stewcrt R o l l s  and George A. Rathert, Jr. 

The pressure-recovery  characteristics at the vertical  center line 
of BR mclca submerged inlet of aspect ratio 5 have been m e a ~ ~ 8 d  i n  the 
Mach number range 0.60 to 1.08 by the wing-flow method. %e variation 
of -recovery r a t io  determFned from measurements at the center Une 
of the M e t  w f t h  t e s t   s t a t ion  Mach number is presented fo r  mase41m 
ratios of 0.30 t o  0.a. 

High ram recovery m e  raintained up to  test-station Mach numbers 
of 1.03 to 1.08, where, for mass-flow ratios below 0.5, an  abrupt loss 
i n  pressure  recovery was asswiated w i t h  formation of a ehock m v e  on 
the i n l e t  ramp and subsequent interaction  with ramp boundary lager. 

ITFRODUCTION 

The favorable pres&re-recovery characteristlcs of NACA submerged 
inlets have been demonstrated a t  low  speed^ (references 1 and 2 )  and a t  
high. subsonic speeds (reference 3 1 The need fo r  data a t  transonic 
speeds on this type of M e t   ha^ become urgent due t o  their  contemplated 
me on airpfanes capable of f l i g h t  i n  th i s  range. Qualitatfve data a t  
low traneonic speeds have been obtained on a submerged inlet of aspect 
ratio 4 i n  a small highepeed w i n d  tunnel (reference 4). 

To provide data, on a submerged i n l e t  in the transonic range, tests 
were made on an aspect  ratio 5 inlet using t he  NACA wing-flow method. 
This report  presents the characteristics of the submerged inlet in the 
Mach m e r  range of 0.60 t o  1.08. The inlet-chamcter is t ics   are  
discussed solely in  t e r m  of peesure-recover3 perforJmnce. 

NOTATION 

A duct entrance area, square f e e t  
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Subscripts 

NACA AgL29 

test s ta t ion  (approximately 3 in.. a f t  of 40-ercent wing-chord 
stat ion ) 

rake location 

local 

outer edge of boundary layer 

. " 
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The inveetigation wa8 conducted by placing the model i n l e t   i n  a 
region of accelerated a i r  flow over a q e c i a l b u i l t - u p  test stat ion on 
an airplane wFng. A photograph of the i n l e t  installed on the test a ta t ion  
is ahown in figure 1. The pertinent inlet dimensions a r e  preaented i n  
figure 2 and provide the standard divergent w a l l  ae described i n  refer- 
ence 1. The standard type lip for th ia  t$pe i n l e t  was not used on this 
model. - 
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Flow Field 

3 

kasured characteristics of the flow field include the horizontal 
Mmh nmiber distribution and the m i a t f m  of total head through the 
t e s h t a t i o n  boundary layer. The llleahrenrents were made uithorrt the 
model mtalled but under conditions of constant a i r p l a n e  mcfi number, 
normal acceleration, d average  pressure a l t i tude  otherwise identical  
w i t h  the t e s t  Figure 3 presents the distribution of local &ch 
nmiber along  the tes t   s ta t ion.  The 40-percent wing c h a d  shawn on this  
figure locates the test s ta t ion on the airplane wing. Figure 4 ahaws 
the  variation at m i m u m  airplane k c h   n m b r  of t o t a l  pressure  through 
the boundary layer maaured by a rake of total pressure tubes located 3 
inches aft of the 40-percent wing-chord etation. 

Ducting System 

In producing a pressure differential across  the Wet ,  t o  enable 
air flow through it, a ductfng system was  constructed whereby the 
discharge could be made at  a region of low s t a t i c  pressure. The M e t  
exhamted Fnto a plenum chamber *ich discharged through a circular duct 
t o  the upper surface of the wing at a s ta t ion  33 inches inboard of the 
inlet .  A schematic drawing of this duct- sptem is shown in figure 5. 
The  amount of air flowing through the system and consequently the mas-  
flow r a t io  Wa6 varied by using several different diameter constrictions 
at the flow outlet. 

The pressure recovery was meaeured by a rake of nine total pressure 
tubes mounted on the duct center line just inside the lip (fig. 2). The 
ratio of are& a t  the meetsuring s t a t ion  t o  inlet area was 1.13, thus 
some diffusion losses were included In the meaellraments. The onmplete 
fnlet  area could  not  be surveyed without unduly lowering the mass-flow 
r a t i o ;  however, the center line measurements a r e  coneidered t o  be a 
qualitative  indication of the transonic  characteristic8 of the inlet. 

The mass--Plow r a t i o  waa determined from a calibration of the 
pressure drop at the junction of the plenum chamber and the exit duct. 
This effective Venturi was calibrated by a series of ground tests using 
a campressor and a standard ASME flowmeter oriffce. The location of 
the measuring tubes are ahawn in  f igure 5. , 

The s ta t ic  pressure dfstribntion m e  measured over the forward 
portion of_ the ramp. The flush  tgpe  orifices were mounted along the 
center line of t h e  map, 
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TESTS . 

The pressure  recoveries  at  the  duct  center  line  were maswed for 
each of four outlet  constrictions  (various mass4low ratios)  at  constant 
Mach  numbers in the range 0.50 to X.10. Typical  curves  of the measured 

rawrecovery ratios 2 across  the  inlet  entrance w e  presented. In 
figure 6. 

E1-P 
Eo-0 

The variation  of mass-flow ratio  with.Mach nuniber for  two  different 
outlet  restrictions  is  presented in figure 7.  Because of the  variation 
in rmss4low ratio  with  Mach  number,  it was necessary to  cross-plot  the 
actual  test  data  to  obtain  curves  of rmrecoverg ratio as a function  of 
hhch number at constant  values  of mass-flow ratio. 

Pressure-Aecovery  Characteristics 

The variation of ranerecoverg  ratio  with Mach nuniber alone; %he 
vertical  center lfne of  the  inlet fo r  constant mass-rflow ratios F r o m  0.3 
to 0.6 is  presented in figure 8.' Good recovery  characteristics are 
indicated  at  the  test ~ s s 4 l o w  ratfos up to teshtation Mach  mmibers of 
1.03 to 1.08. At sorae value of Mach number in this range, for mass-flow 
ratios  below 0.5, the rmecovery ratio2  decreased  abruptly. 

. 

The abrupt loss in rawrecovery ratio  at the higher  Mach nuTdbers 
obtained in this  investigation of an aspect ratio 5 inlet  is  believed  to 
be  due  to  separatfan along the  ramp  caused'by  shock-wave boundary-layer 
interaction. During a run with gradually  increasing  test-station  Mach 
number the  occurrence of a shock wave on the inlet ramp w a s  indicated. 
Figure 9 shows the  variation of local M~ch'nmhr over the fomard portion 
of the ramg f0r.severa.l values of test-stabion h c h  nuniber and for  two m e -  
flow  ratios  taken during this run. At a teet-station  bhch nuniber of  approx- 
imately 1.05, a shock wave occurred on the W e t  ramp  as  indicated by the 
abrupt  change in local hkch rimer. This ebrupt  change  occurred,  with no 
change in inlet  eonretry,  simultaneously  with the loss in rawrecovery 
ratio and mass"fl0w ratio shown in figure 10. It will be seen from figure 
10 that when the loss occurred It  was  distributed  across the entire  height 
of the  inlet. This indicates  conslderable  thickening  of the boundary 
lapr and separation due to  the  interaction of the ramp boundary layer 
and shock wave. 
'These values are  the  average asd are  not  wefghted  according to the  local 

mEbss"fl0w ratio. 

report  do  not  represent  the  total  fnlet,characteristics,  but  represent 
conditions only along the  center lige of the  inlet. 

- I -  

. .  . . " 
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It  should be noted  that the ranrpressm recoverfes presented in thls 
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A fur ther   id ica t ion  of the  effect  of this ramg shock wave is 
evident in the  variation of mas&lar r a t i o  with W h  number. In figure 
7, for o m  particular  conflguration, a decrease of 0.113 mass-flow r a t i o  
occurred a t  a Mch number of 1.a when the shock wave appeared on the 
entrance ramp. 

Application of Data t o  Fuselage Imtal la t iona 

The effect  of the ramp boudary-layer and shoclr-wave interaction on 
the variation of pressure  recovery w i t h  Bkch n&er is a significant 
factor in evaluating  the  results of these tests of an i s o l a t e d  inlet. 
Quantitative comparisons with other tests or u88 of the data to e s t a t e  
the characteristics of an izu3t.allation 011 a Azselage not onlg must be 
=de f o r  the same aspect r a t i o  but w f l l  accur&telg r e p r e ~ n t  conditfona 
only for locations having static-pressure  gradients,  superstream  veloci- 
t fes ,  and boundary-layer characterist ics similar to the wing-flow t e s t  
st-&tiOIl. 

A comprison between the M h  nuuiber gradients over the wing-flow test 
s ta t ion and those mer  a prolate  spheroid of fineness r a t i o  of 6 i e  pre- 
sented in  figure ll. The data for the prolate  spheroid were obtained from 
reference 5. This compEtrison ia =de f o r  a r e f e r e m e   k c h  number of 0.95. 
The variations at  other h c h  nmbere were such that the  relation shown 
in figure 11 is considered t o  be repressntative of the comparison between 
the wing--flow test  statfon and a prolate  spheroid of fineness  ratio of 6. 
It can be concluded f r o m  figure ll that the  pressure gradient and sup-  
stream velmit iee   exis t ing a t  the - location 011 the wing-flow t e s t  
s ta t ion apprcximate those e d s t i n g  between the- 16-percent t o  3&percent 
stations on the prolate spheroid. Thus, except for differences in b o d y -  
lager characteristics (due to  differences between two- & threedime- 
sional effects  as w e l l  ae those arising from scab), the test data of thls 
report  can be considered to  represent the characteristics of a flush inlet 
configuration such as pictured a t  the top of figure 11. 

lkasurements conducted on a wing-flow-thod-bst Etation have been 
used t o  study the effect of Mach number on the pressure-recovery charac- 
t e r i s t i c s  of an W A  EUbIEO?ged i n l e t  of sspect  ratio 5. The favorable 
low-speed characteristics were maintainsd up to the Mach number range 1.03 
t o  1.08 where, for mase”fl0w ra t ios  below 0.5, an  abrupt loss i n  pressma 
recovery was measured. This abrupt loss in ram-recovery r a t i o  is believed 
to be due to   s epxa t ion  along the ramp caused by s h o c k e v e  boundary-layer 
interact ion. 

- 
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In any attempt t o  u8e these results i?, is i rqo r t an t   t 9  take into 
coneideration.tha+, they are aubCfect t o  influence not on ly  by the given 
i n l e t  geometry (e.g., 5riLet a8pect ra t io ,  rq divergence, etc.) ,  but 
a l so  by t h e  pressure field existing on the;  bseic body, which w i l l  
influence boundary-lager growth, separatiop, and supmtream velocit lea 
elow t h e  ramp. . ,  
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Figure 3. - Viriafion of Mach numhr along the wing-flow  fesf  sfaflon. 



Figure 4, - Typicaf  variatlon  of  total head through  the boundary layer on the  surface  of the wing- 
flow test station. 
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Figure 5.- schemat/c drawing of inlet test Ussembfy. 
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figure 6.- Typical  voriations of ram-recovery ratio across the inlet 
measured at the center line. M, = 0.60. 
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Figunr 7. - Typical variations of mass - flow ratio with test 
station Mach number. 
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Figure 8. - Vuriution of  rum - recovery rufio with Much 
num&er for severul values of  muss - flow rufio. 
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Figure 9. - Much number distri&ution dong fhe M e t  ramp us de- 
termined  from stutic pressure oriflcies. . 
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Figure I / .  - The Much number grudient u/ong the body /engfh  for 
a body o f  revolution and the wing-  f/ow test stufion. For a 
reference Much num&er o f  0.95. 
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