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SUMMARY 

An investigation was conducted with an NACA submerged inlet at Mach 
numbers from 1.17 to 1.99. Total-pressure ratio, mass-flow ratio, and 
static pressure distribution along the ramp and main body were obtained 
at angles of attack of O" and 60 for a side inlet location. The effects 
of both a round and a sharp lip profile were investigated. 

The test results showed that the maximum to%-pressure ratio attain- 
able with the submerged inlet decreased from 0.83 at a Mach number. of 1.17 
to 0.52 at a Mach number of 1.99. A comparison at Mach numbers up to 1.26 
showed lip shape had no significant effect on pressure recovery, but the 
sharp lip made it possible to obtain slightly higher mass-flow ratios. 

Evaluation of submerged inlet performance at a Mach number of 1.36 
showed that the net thrust coefficient was 87 percent of that for a 
normal-shock-type scoop inlet at the design mass-flow ratios. Increas- 
ing the Mach number to 1.51 reduced this value to 81 percent. 

INTRODUCTION 

Supersonic aircraft in many cases will. be required to fly for 
extended periods of time at transonic and subsonic speeds. The air 
induction system for a jet-powered swersonic aircraft, therefore, will 
usually be a compromise between opt- designs for subsonic, transonic, 
and supersonic operating conditions. A practical inlet design must not 
only give high performsnce at design conditions, but must also satisfy 
requirements dictated by the off-design operating schedule of the 
aircraft. 

The NACA submerged inlet was originally designed to operate at sub- 
sonic speeds (references 1 and 2) and has been shown to operate efficiently 
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at high subsonfc and transbnic speeds (references 3 to 6). These 
results indicate that the submerged inlet may be applicable in the 
design of supersonic aircraft. The purpose of the present investiga- 
tion was to measure the performance of a submerged inlet at supersonic 
speeds and to compare its performance with that of a normal-shock-type 
scoop inlet. This latter inlet is believed to have good performance in 
the lower range of supersonic Mach numbers Ghere the submerged inlet 
also could be expected to operate satisfactorily. 
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NOTATTON 

cross-section area of duct or stream tube, square feet 

component of area normal to free-stream direction, square feet 

external drag coefficient of air Induction system 

scoop incrmntal drag coefffcient 

internal thrust coefficient 

inlet net thrust coefficient 

inlet net thrust coefficient referred to engine frontal 

external drag force due to the air-inauction system 
(DBfs - ?6 + DS)t -as 

pressure and friction drag forces acting on the external 
surface of the combined basic body and air-induction 
system, pounds 

pressure and friction drag forces acting on the basic body 
shape (fuselage) without an air inlet, pounds 

scoop incremental drag due. to a change in total momentum of 
the entering stream tube from free stream to the entrance, 
pounds 

. 



NACA RM A52F17 - 3 

Fi 

FN 

H 

L 

M 

m 

ml 
m, 

P 

P 

Q 

R 

SP 

U 

U 

V 

9 

a 

v 

P 

internal thrust force due to a change Fn total momentum of the 
entering flow from free stream to the exit where static 
pressure -Is assumed equal to free-stream static pressure, ' 
pounds 

inlet net thrust (Fi - DE), pounds 

tot&l pressure, pounds per square foot 

forebody length, feet 

Mach number 

mass flow, slugs per second 

static pressure coefficient 

static pressure, pounds per square foot 

dynamic pressure , pounds per square foot 

Reynolds number F 
0 

engine frontal area, square feet 

local velocity in boundary layer; feet per second 

local velocity immediately outside boundary layer, feet 
per second 

velocity, feet per second 

normal distance from surface, inches 

angle of attack, degrees 

kinematic viscosity, feet squared per second 

mass density, slugs per cubic foot 
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0 free stream 

1 inlet station (0.10 inch behind lip leading edge) 

2 diffuser&t 

9 settling chamber (rake station) 

E exit station 

1 loc8l , 

APPARATUS 

Wind Tunnel andMode 

The investigation of an NACA submerged inlet at supersonic Mach 
numbers was perfomsd in the Ames 8- by 8-inch supersonic wind tunnel. 
The tunnel and its auxiliary equipment are described in reference 7. 
The test Reynolds number per foot of length was approximately 7 million 
at the lowest Mach number (1.17) and Ill million at the highest Mach 
nmiber (1.9). 

The model was a l/&-scale reproduction of the submerged islet model 
used in reference 5. A photograph of the model mounted fn the tind 
tunnel is shown in figure 1 and a drating showLug the model dimensions 
is presented in figure 2. The model was placed outside the influence 
of the tunnel-wall boundary layer by use of a mountfng plate as shown 
in both figures 1 a;nd 2. - 

The model was cast from 8 bismuth and tin alloy, consistfng of 
equal parts by weight, and then was hand worked to the final contour. 
Roth the round- and sharp-lip profiles which were investigated are 
shown in figure 3. The external surface of the sharp lfp was inclined 6O 
to the free-stream mction. The cross-sectional-area distributions in 
the diffuser sft of the lip leading edge for both lips are shown in 
figure 4. 

Instrumentation 

The model instrumentation is shown in figure 5. Total pressures 
were me8sured in the diffuser, approximately at StatiOn 7.20, by a 
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five-tube tot&L-pressure r&e. A static orifice'meas urement which 
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indicated the total pressure at the diffuser wsLl was also obtained. 
Each measurement was weighted equally to obtain 8n average tot&L 
pressure. Static pressure orifices were lOC8ted along the r8mp center 
line from station 0.63 to station 5.15 which was l.25 inches downstream 
from the lip leaafng edge. Statfc orifices were also located along the 
ranq? and body ne8r the intersection with one of the sidew8lJ.s. 

Boundary-layer profdles were measured on the rm center line 
approximately 0.20 2nch forward of the lip leading-edge station. 
Measurements were made with a single probe tribe which was adjustable 
from outside the wind tunnel. 

Air flow wss induced through the inlet by two constant-speed vacuum 
p'mros. The air passed from the inlet and diffUser into a rotsmeter out- 
sfde the wind tunnel where the m8ss flow w8s measured. Avalve located 
in the line between the model and the rotameter was Used to control the 
m8ss flow. 

All pressure measurements were recorded photographically from a 
back-lighted multiple-tube mercury manometer. The flow 8bOUt the lnodel 
was observed 8nd photographed through a two-mirror schlieren system. 

TEST PR- 

To eliminate the effect of wind-turnel boundsry layer on the test 
results it was necessszytomountthe model awayfromthe tunnelwall. 
The approximate thickness required for the model mounting plate was 
determinedfromabaundsry-layer surveymade onthe xlnd-tunnelwsJl at 
the model nose station. Theboundary-l8yerprofile was foundtobe 
essentially unchanged over the Mach nuder range from 1.17 to 1.41 and 
was assumed to remain unchanged at the higher test Mach nunfbers. Pre- 
liminary measurements of pressure recovery and mass-flow ratio were 
obtained with the model installed to determine the exact mounting-plate 
thickness. It was found by testfng several plate thicknesses that with 
8 plate thickness 75 percent of the boundary-layer thickness, based on 
8 value of u/U equal to 0.99, the effect of the wind-tunnelbounm 
layer on the teat results appeared to be eliminated. A static pressure 
needle was attached to the nose of the model for the purpose of deter- 
m3nin.g the exact free-stream Mach number. (See fig. 5.) After the 
test Mach numbers were determined the needle was removedbec8Use sepsra- 
tion of the needle boundary layer, due to the body bowwave, affected 
the inlet performance. 

The test Mach numbers were 1.17 and 1.26 for the round-lip con- 
figuration and varfed'from 1.17 to 1.99 for the sharp-lip conf3guration. 
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Total-pressure recovery in the model settling ch8mber (He/Ho) and 
static pressure distribution along the ramp were measured over 8 r8nge 
of mass-flow ratios at each Mach number. The range of mass-flow ratios 
extended from the lilsximum value for the inlet to 8 min-1 ydue which 
was within the region of flow instability. Boundsry-layer profiles 
were messured at one point on the ramp for several. representative mass- 
flow ratios at each Mach number. 

The following table indicates the d8ta presented in this report: 

Data presented 

RE,3UXLTS AND DISCUSSION 
. 

Pressure Recovery and Msss-Flow R8tiO 

Total-pressure-ratio 8nd mass-flow-ratio characteristics of the 
submerged inlet were obtained for model 8ngles of sttack of O" and 6°. 
Initial tests were conducted using a round-lip profile and the results 
are shown in figure, 6 for Mach numbers of 1.17 and 1.26. Because the 
m8xLmum mrtss-flow ratio and total-pressure ratio were low, further 
tests were made using a sharp lip in an effort to -rove the perform- 
ance of the inlet. The internal contraction due to the lip shape (see 
fig. 4) was removed so 8s to permft attachment of the lip shock wave 
at low supersonic Mach numbers. Results of these tests are shown in 
figure 7 for M8ch n&era of 1.17 to 1.99 at a = 0' and for Mach 
numbers of 1.17 to 1.41 at a = 6’. 

The maximum pressure recovery for both lip shapes at an angle of 
attack of 0' and 8 Mach number of I.17 was approxbately 0.83. The 
maximum mas -flow ratio at these test conditions was 0.83 for the round 
lip and 0.8 % for the sharp lfp. Increasing the Mach number to 1.26 for 
both lip configurations only slightly affected the maximum mass-flow 
ratio, but reduced the msximum pressure recovery ratio to shout 0.80. 
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Investigation of the sharp lip at M&ch nmrs above 1.26 showed 
that the maximum total-pressure ratio continued to decrease with increas- 
ing Mach numbers. At the maxim test Efach nwiber, M. P 1.99, the maxi- 
mum total-preSSWe r&tio was only 0.52 or about 72 percent Of the total- 
pressure ratio which would occur 8cross a norm&l shock wave at the sszue 
Mach number. The msxfmum mass-flou ratio remafned essentfsJLy const&nt 
for Mach nmibers u$ to M. = 1.58. For further in creases fn l4xh nmiber, 
the maximum mass-flow ratio decreased. SchlLeren observations showed a 
nearly norm&l shock w&ve present on the ranrp fmmediately.forward of the 
entrance for sll M&ch numbers up to M. = 1.58. At this Mach nmiber the 
shock w&ve bec8me attached to the sharp lip at the maximum mass-flow 
r8tio. The entrance M&ch number then increased from 8 subsonic vsiLue to 
a supersonic v&Lue greater th&n M. since the flow w&s 8ccelerated due 
totheturningmgle onthe ramp. As 8 result of these flow conditions 
at the entrance, incressfng the free-stream Mach mmiber above 1.58 
caused a decre&se fn local Met air density which resulted in 8 decrease 
in the m&ximum m8ss-flow ratio. . 

Increasing the angle of &tt&ck of the submerged inlet to 6' (f.Lgs. 6 
8nd 7) reduced both the pressure recovery and mass-flow ratlo at all Mach 
numbers. The pressure recovery w&s reduced by about 0.05 and the mass- 
flow ratio w&s reduced by 0.03 at the Mach numbers shown in figures 6 
- 7. These-increments agree quslitativelg with those of reference 5 
which slso utilizes a half body of revolution for the basic body. 

Static F'ressure and Mach number Distribution 

The distribution of the static pressure coefficient along the rsmD 
center line is shown fn figure 8 for the inlet with the sharp lip. The 
distribution over the b8SiC body in the vicinity of the inlet h&s been 
estim&ted using 8973il8ble ch&r&cteristic solutions and is also shown. 
Data 8re presented for representative mass-flow ratios at Msch numbers 
of 1.17 and 1.41. The flow is compressed through the bow wsxe and then, 
as shown, exp&nds over the nose of the body and continues to expand 
rapidly &long the inlet ramp until, at a station slightly foruard of the 
lip lesding edge, & static pressure coefficient is reached which is 
considerably less than the free-stresm value. At this point a nearly 
normal shock w&ve occurs at &ll mass-flow ratios. The exact location 
of this shock wave is not shown in ffgure 8 because of an insufffcient 
number of at&tic orifices on th&t portion of the IWQ. For llvass-flow 
ratios less than that for m&x- pressure recovery, the shock wave is 
followed by subsonic compression of the flow inside the tiffuser. As 
the mass-flow ratio is increased &bove the v&l.ue for maximum pressure 
recovery, the flow inside the diffuser re-expands and at the msximum 
mass-flow ratio &g&in becomes supersonic, as indicated by the vslue of 
Pcriticsl- This supersonic flou termhates in a second normal shock 
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wave whdch is also indicated by the r8pfd decresse in pressure recovery 
at the maximum mass-flow ratios shown in figure 7. Data. which are not 
presented show the static pressure distribution was relatively unsf- 
fected by lip sh8pej however, the re-expansion inside the diffuser Was 
slightly more rapid when the round lip ~8s used. This was a result of 
the internal contraction due to the lip cunrature. Mention should also 
be made of the effect of the basic body on the ramp expansion. It is 
seen in figure 8 that if the inlet were placed at a station on the 
basic body where the free-stream Mach number exists, the final Mach 
number to which the flow is eqanded on the rsmp would be considerably 
reduced. !ThFs expansion due to the basic body will be shown in later 
discussions to have a considerable adverse effect on inlet performance. 

The Mach number distribution along the ranq! and into the first 
portion of the diffuser is shown in figure 9 for the mass-flow r8tFos 
giving maximum pressure recovery at free-stream Mach numbers from 1.17 
to 1.41. The msximum M8ch number on the ramp occurs immediately forward 
of the ramp shock w8ve and is considerably higher than the free-stream 
Mach number. The effect of this flow acceleration on the maximum m8ss- 
flow ratio is shown in the table below where the maximum measured mass- 
flow ratio (ml/ma),, is compared to the m8ximum attainable mass-flow 
ratio moV/mo which is based on the msxtium raq Mach nuniber. TM.6 
quantity, mo*/mol represents the maximum possible mass-flow ratio which 
could be obtained if the external-r- shock Wave moved insfde the 
diffuser. 

Tt3k values of mot/ma are considerably lesti than 1.00 as a result of 
the expansion on the ramp, and the maximum me&SXred nBSS-flOW ratio 
varies from 96 to almost 1.00 percent of this m~+rtum possible vz4ue.l 
These results indicate the relative unfmportance of mass-flow Spillage 
compared to the flow expansion In reducing the msximum mass-flow r8tfO 
of the submerged inlet. 

+he qu8ntity ml/mot approaches 1.00 even though the decrement in ma66 
flow due to the boundary layer ~8s not considered in c8lcul8ting 
molbo. This decrement is small and may be balanced by the possible 
error, f2 percent, fnvolved in the calculation. 

. 
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BoundaryLayer 

l 

The boundary-layer velocity profiles presented in figure 10 offer 
a possible explanation for the character of the internSJ. flow behind 
the lip leading edge. (See fig. 8.) The profiles shown were measured 
on the ramp center line approximately 0.20 inch forwszd of the sh8rp- 
lip leedIng edge. The bound8ry-layer profiles obtained when using the 
round lip were ahost identical to those shown for the sharp Up, 

The profiles indicate th8t the flow at the survey station was 
almost sepsratid at the lower m8ss-flow ratfos for sZU Mach numbers 
shown. Increasing the mass-flow ratio reduced the tendency to separate 
and all profiles not influenced by separation are almost identical 
regardless of mass-flow ratio or Mach number. From these char8cteris- 
tics it seem possible that separation actually occurred a short 
distance downstream of the survey st8tion and moved rearwar d as the 
mass-flow ratio was increased. Schlieren photogr8phs show that the 
external shock wave also moved toward the entrance. Shock-w8ve inter8c- 
tion with the boundmy layer could have caused the onset of separation. 

The occurrence of flow separation near the duct entr8nce could be 
expected to alter the pressure afstribution along the internal duct 
because the separated region would effectively change the 1ongitudinsL 
distribution of the duct cross-section8l 83x8. With the point of sepa- 
ration well forward of the inlet, the separated region would not reduce 
the effective duct area distribution in 8 manner which would disrupt 
the diffusion process. This was probably the case at low mass-flow 
ratios 8nd resulted in a steady rise in static pressure with increasipg 
distance downstrem of the inlet. (See fig. 8,) At high mass-flow 
ratios, it is believed that the sepsration point llloved sufficiently 
close to the inlet to allow the abrupt initi8l increase in thickness of 
the separated region to c&use 8 contraction or 8n effective throat 
within the diffuser. This throat caused the internal flow to accelerate 
and become sonic at free-stream Mach numbers below 1.58. In this Mach 
number r8.nge an external shock wave exists and it would be expected that 
when the internal flow bec8me sonic, the msximum mass-flow ratio was 
also obtained. At Kach numbers greater than 1.58 the shock wave moved 
into the diffuser and itself United the m8ss-flow ratio. 

. 

Although the bound8ry-18yer separation w&s believed to be the 
primary factor fn establishing the sonic throat, inlet geometry alSO 
influenced this condition. The effects of geometric contraction due 
to the round lip have previously been mentioned. A discontinuity in 
slope of the rsm& surface at the entrance station 8s shown in figure 2 
may 8lSO have been 8 contributing factor. 
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Comparison With Prevfous Submerged Inlet Tests 

A compsrison is shown in figure 11 of the max5mum total-pressure 
recovery as measured in the present investigation (curve A) with similar 
data from tests of lszger scale submerged inlets at transonic speeds. 
Data for this comparison were taken from references 5 and 6. The maxi- 
mum test Mach numbers of these Fnvestigations approached the minimum 
Mach number of the present investigation. If the referenced data sre 
extrapolated to a Mach number of 1.17, the pressure recovery of the 
present submerged inlet at this Mach number is approximately 8 to 10 per- 
cent lower than that of the Inlets tested at transonic speeds. It is 
believed that this difference is not exceseive when consideration is 
given to the differences in model scale and shape as well as to the dif- 
ferent test conditions. In this regard, it should be mentioned that the 
pressure recovery shown for reference 5 represents conditions at the 
entrance to She subsonic dl.ff'user rather than at the exit, as in the 
case of the present investigation, Under normal subsonic entrance con- 
ditions the subsonic diffuser efficiency would be about 0.96, which, 
when applied to the results of reference 5, would give a pressure 
recovery of about 0.89 at the diffuser exit. The fact that evidence of 
boundary-layer separation was obtained in the present investigation but 
was not shown In reference 5 could account for much of the remaining ~ 
difference in pressure recovery between the two models. It is believed 
that separation was prevented in reference 5 because of the lower test- 
Mach number and possibly because of the favorable pressure gradient on 
the surface of the transonic bw which was used for the investigation. 

For the model of reference 6, the duct entrance was located near 
the body station at which the local Mach number was near that of the 
free stream, whereas, in the present investigation, the local Mach 
number at the entrance station on the body was appromtely 0.20 
greater than the free-stream value. This increase in inlet Mach number 
due to the body was in additfon to that due to the flow expansion on 
the ramp. As a result, the normal-shock pressure losses were increased, 
which in turn reduced the total-pressure recovery. A curve which has 
been corrected for the body effect on the maximum pressure recovery of 
the present investigation is shown in figure 11. This curve, B, was 
obtained by transferring the values of maximum pressure recovery, as 
obtained at the test Mach numbers, to higher Mach numbers approximately 
equal to those which exist on the basic body at the inlet station. By 
extrapolating the above curve, good correlation was.obtafned with the 
results of reference 6. It is clearly indicated that for minimum losses 
in pressure recovery and mass-flow ratio the inlet-body combination 
should be carefully selected to obtain the minimum Mach mmiber at the 
duct entrance. 
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All remaining comparfsons in this report involve the conditions of 
curve B which considers the s&merged inlet to be located so that the 
entrance is at the free-stream Mach number station on the basic body. 

To adequately evaluate the performance of the submerged inlet at 
supersonic Kach nlmibers, it is essential that its performance be com- 
pszed with that of an inlet which gives good performance at the lower 
wersonic Mach nusibers $here the submerged filet could be wetted to 
be efficient. A normal-shock scoop inlet located at a position on a 
body at which the Mach number is that of the free stream has been 
selected for this comparison. 

In figure II, the mximm&essure recovery calculated for an 
ideal normal-shock scoop inlet with boundary layer removed is shown 
for Mach numbers from 1.0 to 2.0 by curve D. This recovery is equal 
to 96 percentrof normal-shock-wave pressure recovery at the free-stream 
Mach number (the factor of 96 percent is assumed to account for sub- 
sonic diffuser efficiency) and fs considerably higher than the recovery 
shown for the submerged inlet, curve B. This difference is a result of 
the submerged inlet being subjected to the increased losses due to flow 
ension on the ran&~ and the effects of boundary layer. The relative 
amount of each of these losses is approximated in figure II by plotting 
the estimated max3mum pressure recovery for an ideal submerged inlet, 
curve C. For this curve, $?6 percent of the normal-shock pressure recov- 
ery at the maxi ramp Mach number fs plotted as a function of the 
free-stream Mach number (Fnlet statfon at the free-stream Mach nuniber 
point on the body). The loss increment between curves D andC then 
represents the increased shock losses experienced by the submerged 
Wet because of flow acceleration on the ramp, The effects of the 
boundary layer on the internal flow of the submerged inlet are believed - 
to account for a large portion of the loss shown between curves C and B, 
In the lower range of szrpersonic Mach numbers, the adverse effect of 
boundary layer on inlet pressure recovery is considerably greater than 
that which is due to flow acceleration. 

To ascertain the over-all performance of the submerged inlet and . 
the normal-shock inlet, net thrust coefficients were calculated for the 
inlets represented in curves BandD of figure ll,using the method 
presented In reference 8. This method considers both the thrust and 
drag of an air-induction system in combination with a propulsive unit. 
Drag measurements were not obtained In the present investigations how- 
ever, the external pressure drag of the submerged inlet was estimated 
from the pressure distribution measurements en the ramp floor and side 
wa.lls. The net t'hrust coefficknt cFN', based on Ao, was comuted 

-- 
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as outlined in the appendix of the present report. SFmilar computitions 
were made for the normal-shock-type scoop inlet, using the data obtained 
for the open-nose model A of reference 9. Theminfmumexternaldrag . coefficient as measured in the above reference was arbitrarily 2ncreased 
by 50 percent to account for the drag of the boundary-layer gutter which 
would be necessary in order to m&e the entrance conditions for a scoop- 
type inlet comparable to those for an open-nose-type inlet. Limited data 
available on the draa; of such a gutter show this to be a conservative 
estimate. Since the pressure drag fs small for both Mets, however, the 
accuracy of the estimates is not critical in the final comparison of net 
thrust coefficients. 

In the notation of reference 8, C$ ' is a measure of the thermal 
efficiency of an air-induction system P or a given fuel-air ratio, ThiS 
term can be converted to indicate the relative thrust outputs of differ- 
ent air-induction systems in combinati tith a given engine if a refer- 
ence area is used which is operation. For this 
purpose, the net thrust coefficient based on the engine frontsl 
area Sp, was computed for the followLng expression: 

Al =l -- 
PCFN' spmo 

l 

The requirement of a fixed corrected weight of air for a given engine 
relates the inlet areas as follows: 

Al submerged = @s/Ho)subruerged (ml/mo)scooP 

Alscoop CdBo) scoop (ml/mo)submerged 
. 

It must be assumed that the required changes in inlet areas have no appre- 
ciable affect on the basic inlet characteristic curves. In figure 12, 
the net thrust coefficients of the two inlets are compared over a range 
of similar operating conditions. The comparison fs made at Mach numbers 
of 1.36 and 1.31, using both a turbojet and a turbojet with afterburner. 
For a turbojet at a Mach number of 1.36, the net thrust coefficient with 
the submerged inlet is 87 percent of that with the scoop fnlet at optimum 
mass-flow-ratio conditions defined as follows:* 

%e Vah~ Of (m&)design is taken as the mass-flow ratio for . 
%EUS 

. 
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Increasing the Mach number to 1.5l reduces this value to 81 percent and 
further reductions are evident at all mass-flow ratios below the optimum. 
The comparison fs only slightly affected by using a turbojet engti with- 
afterburner in place of the turbojet alone. 

CONCLUDING REMARKS 

An experiment&L investigation of.an NACA submerged inlet was con- 
ducted at Mach nu&ers from 1.17 to 1.99. A comparison at Mach numbers 
qp to 1.26 showed the effect of lip shape to be small. Maximum total- 
pressure recovery with the sharp lip decreased from 0.83 at a Mach number 
of 1.17 to 0.52 at a Mach number of 1.99; however, tith an optimum inlet- 
body combination these values of pressure recovery could be substantially 
increased. 

An evaluation of fnlet performsn ce showed that the submerged inlet 
located at an optimum body position will give a lower net thrust cbeffi- 
cient than an equivalent normal-shock-type scoop inlet at Mach numbers 
of 1.36 and l.%. 

Ames Aeronautical Laboratory 
I National Adtisory Committee for Aeronautics 

aoffett Field, Calif. 
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APPENDIX 

SUBMWGED IIKiXT NET THRUST COEF'FICIENT 

roxlmule stream tube shape 

The net thrust coefficient as defined in reference 8 is 

or 

%=Fi-DE 01 

Referring to the siarplified sketch above and using AM to denote a 
change in total momentum of the entering stream tube, 

Fi = w-1 + f!&i,-E = ap6-E (21 

?l3'?Ews-%+dMo-1 (3) 

The quantity DB+s - DR is equal to the external pressure and friction 
drag force due to the air-induction system 

For the submerged inlet assume 

% 1-E =%o~l=~ 
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Then 

15 

The terms DERana%W are values obtained by integration of the ex-krnsl 
pressure forces on the raq and raqP side walls, respectively. 

DER =lr;;tation(Pz - Po) aA, 
. . 

The term m-1 is merely the change in total momentum of the entering 
stream tube from free-stream conditions to conditions at the inlet and is 
called scooP%ncremental drag as suggested in reference 1O,3 

h-1 = =dVl - Vo) + (P, - PO) Al =I s (51 

DE =lz;;E;tatron(pl - PO) d/L, + 2J~;E~ion(P~ - Q) d+ -t- 

dvl - Vo) -F (P, - po) A, (61 

In coefficient form and using equations 1, 3, 4, and 5, 

cFN’ = CQ - =N+CstCDs 
> 

The titer&al thrust coefficient, CFir, is dependent upon operating 
characteristics of the propulsfve unit and the total-pressure recovery 
at the coqpressor intake. Curves showing the vwiation of C+ I over a 
range of Es/Ho values at various Mach numbers for altitudes a ove 33 
35,ooO feet are shown in reference 8. 

%ur-ther considerations of the stream-tube momentum change forward of the 
entrance station are extensivelv discussed in references ll and 12. 
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Plgure l.- photograph of NACA submerged-inlet model mounted on the top waJl of the Ames 
El- by 8-in211 supersoaic wind tunnel. 
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