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By John S. Dennard 

SUMMARY 

Several basic inlet shapes have been tested through a Mach number 
range from 0.55 to 1.3 to determine their mass-flow and pressure recov­
ery characteristics when operated as auxiliary inlets. Results indicate 
that, for flush inlets, the inclination of the inlet axis is the major 
geometric parameter influencing recovery and the smaller angles with 
respect to the surface offer decidedly superior performance . For simple 
flush openings, a circular or low width-depth ratio rectangular opening 
offers slight advantages over a higher width-depth ratio rectangular 
opening. Boundary-layer fences for low width-depth ratio inlets are 
advantageous in increasing the maximum mass-flow rate and pressure recov­
ery at high mass-flow rates. For low mass-flow rates, the NACA submerged 
inlet with diverging wall ramp offers improved pressure recoveries. A 
circular scoop inlet with its inner wall tangent to the surface surpassed 
all flush inlets tested in regard to both total-pressure recovery and 
maximum mass-flow ratio. The performance of the scoop inlet and all 
flush inlets with inclined axis deteriorated as the axis was yawed with 
respect to the stream direction. 

INTRODUCTION 

The growing complexity of modern aircraft with much electronic 
e~uipment which re~uires air for cooling, increased re~uirements for 
cabin or cockpit ventilation, problems of matching engine and inlet air­
flow rates, and the increased use of suction slots for boundary-layer 
control systems has created a demand for information on the flow charac­
teristics of auxiliary inlets in the transonic speed range. Numerous 
large-scale inlet investigations have been conducted in this speed ral1ge, 
but except at low subsonic speeds there is little experimental material 
available whereby the designer may obtain the necessary mass-flow and 
pressure recovery characteristics of inlets which must induct large 
amounts of air from within the boundary layer. 
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The inlet models of the present investi gation ranged from flush 
thin plate inlets to a scoop . Flush circular inlets followed by straight 
ducts the length-diameter ratios of which varied from 0 to 10 were 
inclined to the surface at angles from 150 to 900 ; the yaw angle for 
several of the inlets was varied from 00 to 600 • Rectangular inlets 
with various inclination angles, width-depth ratios, and ramp approaches 
were also tested. The Mach number range was from 0.55 to 1.3 and mass­
flow rates were varied from 0 to choke . Inlet mass-flow ratios are pre­
sented as a function of the required pressure drop and of the total­
pressure recovery. 
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SYMBOLS 

velocity of sound, ft/sec 

hydraulic diameter of inlet, in. 

total pressure, lb/sq ft 

length of inlet duct (constant area), in. 

ratio of mass flow through inlet to mass flow in free-stream 
tube of area equivalent to cross-sectional area of inlet 

Mach number, U/a 

boundary- layer profile exponent, 

static pressure, lb/sq ft 

u 
U 

static pressure differ ential, Pro - Pi 

dynamic pressure, ~U2, lb/sq ft 

local velocity in boundary layer, ft/sec 

free-stream velocity, ft/sec 

distance measured downstream from inlet lip, in. 

distance measured from surface to point of local velocity u 
in boundary layer, in. 

boundary-layer thickness measured to point where u/U = 1.0, in. 
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e inclination angle of inlet axis, deg 

yaw angle of inlet axis, deg 

cp ramp angle, deg 

Subscri pts: 

i 

00 

inlet conditions measured at downstream end of constant-area 
throat 

free-stream conditions measured outside of boundary layer 

APPARATUS AND MErHODS 

Apparatus 

3 

The general arrangement of the test setup is shown in t he line 
drawi ng of figure 1. Air is supplied through the entrance bell at the 
left at a maximum pressure of 2 atmospheres absolute from a centrifugal 
blower without benefit of after cooling or drying . Air from the entrance 
bell flows through the slotted test section which consists of parallel 

walls 17 inches long and ~ inches high by ~ inches wide and exhausts 

through a 1.7:1 area ratio diffuser to t he atmosphere. The lower wall 
of the test section was slotted so that one-fifth of the wall area was 
open. This slotted wall opened into a plenum from which air could be 
withdrawn by an auxiliary vacuum pump; a valve in the auxiliary pump 
line determines the rate at which air is removed and thus controls the 
speed for Moo > 1. The Mach number distributions for this test section 
are discussed in reference 1. The inlet models were mounted on t he 
solid tunnel wall opposite the slotted wall and centered in one face of 

a cylindrical settling chamber which has a diameter of ~ inches, and a 

length of 9~ inches qnd is located 6 inches downstream of the beginning 

of the slots. A screen spanned this chamber at a station 3 inches above 
the inlet . Downstream of the screen, the air flowed through a calibrated 
venturi. A valve in the exhaust line controlled the mass flow withdrawn 
from the inlet and the system was aspirated by an auxiliary vacuum pump . 

The free - stream total pressure and temperature were measured in the 
upstream duct ~nd the static pressure was measured in the settling cham­
ber. Other test- section pressure instrumentation included static-pressure 
orifices in the venturi and a calibrated static-pressure orifice in the 
plenum. 
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A sketch showing typical examples of the models tested and the range 
of variables .investigated is shown as figure 2. The inlets tested had 
circular and rectangular shapes. The circular inlets included inlets 
with ducts of varying length-diameter ratio (LID), thin-plate inlets, 
circular flush inclined inlets, and a scoop inlet. The rectangular inlets 
were flush and had varying inclination angles and width-depth ratios 
(where depth is measured from the inlet lip perpendicular to the duct 
axis) . 

Four of the rectangular inlets were instrumented with static-pressure 
tubes along the center line of the ramp and through the length of the 
inlet duct. Figure 3 is a photograph showing several of the inclined 
rectangular inlets, some with modifications to the ramp, and the circu­
lar scoop. 

The pressure at the downstream end of the inlet constant-area duct 
was assumed to be equal to the settling-chamber static pressure. This 
assumption, which has long been recognized as valid for subsonic flows 
and which is the basis for most nozzle flow and orifice flow measure­
ments, was verified during the test program by a comparison between the 
downstream throat static pressure (where available) and the settling 
chamber static pressure for unchoked inlet operation. This pressure 
would correspond to the static pressure at the entrance to a diffuser if 
such were used. The total pressure Hi is calculated from the measured 

mass-flow rate and the static pressure with the assumption of uniform 
velocity distribution at the exit of the constant-area duct. The test­
section Mach number is determined by means of the calibrated plenum 
static-pressure orifice and the upstream total pressure. 

Pressures were read to a reading accuracy of ±l millimeter of mercury 
and this accuracy gives errors in the computed data as follows: 

Quantity Maximum Error 

. . . • 0.002 

0.002 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.006 

. • • • . 0.008 

. 0.004 

0 .009 
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Tests and Methods 

When the tests were conducted, the inlet air flow was varied from 
zero to its maximum value for each of several constant values of Mach 
number ranging from 0.55 to 1.3. The settling-chamber static pressure, 
free-stream total pressure and total temperature, plenum-chamber static 
pressure, and mass-flow data were recorded simultaneously. Ramp static 
pressures were measured on models where pressure-orifice instrumentation 
was available. 

The Reynolds number of these data range from 3.45 x 106 per foot 
at a Mach number of 0.55 to 7.0 x 106 per foot at a Mach number of 1.3. 

RESULTS AND DISCUSSION 

Auxiliary inlets are usually re~uired to operate in a surface on 
which the boundary-layer thickness is comparable to the dimensions of 
the inlet. For these tests the boundary-layer velocity profile and 
thickness varied with Mach number as shown in figure 4. The profiles 
indicate a turbulent boundary layer at all Mach numbers. The exponent n 
often used to describe the shape of the boundary-layer increases from 5.5 
to 8 as the Mach number varies from 0.55 to 1.3. The boundary-layer 
thickness, defined as the point where uju = 1.0, varies from 0.15 inch 
to 0.115 inch; this variation is linear from M = 0.7 to M = 1.3 . 

Inlet Performance 

The inlet performance data in this paper are presented in three 
forms: the inlet pressure differential Roo - Pi' the inlet static-

pressure differential Poo - Pi' and the inlet total-pressure ratio 
Hi/Roo. Since these inlets may be located on the airframe in regions 
where local velocities and pressures are different from those in the 
free stream, the values of ~ presented herein should be regarded as 
local Mach numbers in order to apply the results of this investigation. 

Inlet pressure differential.- Figure 5 presents the ratio of the 

inlet pressure differential to stream stagnation pressure Hoo - Pi as 
Hoo 

a function of the inlet mass-flow ratio. This pressure-drop parameter 
will be particularly useful in designing installations where a diffuser 
follows the inlet, since the diffuser inlet pressure will correspond 
to Pi. However, it is expected that this parameter may be acutely 

sensitive to variations in the boundary-layer thickness. The curves, 
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presented for constant Mach number, are characterized by an increase in 
the inlet pressure differential as the mass flow increases, the rate of 
change being strongly dependent upon the inlet geometry . Increasing 
Mach number increases the necessary inlet pressure differential for any 
given value of mass-flow ratio as indicated by the separation of the curves . 
The dashed line in each instance indicates the mass-flow ratio for which 
the indicated inlet Mach number is 1.0. This dotted line is defined as 
the choke line. For inlets with low inclination angles (figs. 5(b), 5(e), 
5(f), and 5(g)) the inlet pressure differential was nearly constant up 
to mass-flow ratios corresponding to choke for a given Moo; these inlets 
would be expected to have a relatively high total-pressure ratio. 

Inlet static-pressure differential.- In the second presentation 
(fig . 6), the inlet static-pressure differential Pro - Pi or Dp is 

expressed in terms of ~ and is plotted as a function of the mass-flow 
ratio . These curves are directly comparable with the inlet character­
istics in reference 2 and to the perforated-plate characteristics of 
reference 3. These results are directly applicable to selection of 
porosity requirements for perforated-tunnel calculations when a given 
Mach number distribution has been specified. For any given flush inlet 
configuration, the inlet static-pressure differential at zero mass flow 
is very nearly constant for all Mach numbers. For the inlets with low 
inclination angles Dp/~ remains constant over a wide range of mass­
flow ratio. For all test configurations, Dp/~ increases as the mass 
flow approaches its limiting or choking value. Since the allowable con­
traction ratio before choking occurs i s greater for low Mach numbers than 
it is for Mach numbers near 1.0, it would be expected that the mass-flow 
ratio would reach higher values for low Mach numbers. 

For t he scoop inlet (fig. 6(h) ), the individual curves follow gen­
erally the same pattern as that for the flush inlets; the curves at 
various Mach numbers are separated further at low mass-flow ratios and 

cross over near ~ = o. 
~ 

pressibility factor Fc. 

The separation noted here is due to the com-

This f actor is equal to H - P 
q and, for this 

scoop inlet, which is essentially a total-pressure tube when operated 
at a mass-flow ratio of zero, the inlet static-pressure differential is 
equivalent to -Fc. As the mass-flow ratio increases, this correlation 

becomes less accurate; nevertheless, the general position of the curves 
relative to one another persists until the inlet mass-flow ratio 
approaches its choke value. 

Inlet total-pressure ratio.- The third presentation (fig. 7) which 
will form the basis for the bulk of the discussion to follow is the ratio 
of the inlet total pressure to the free-stream total pressure. The curves 
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presented here have been fai r ed to match those of figure 5 which, in 
turn, were faired as families by cross plotting. Restriction of test 
points to those for which the indicat ed Mach number at the downstream 
end of the duct was less than or equal to 1 .0, that is, unchoked inlet 
flow, has resulted in some curves being presented for which there is 
only one test point. The tot al-pressure ratio always decreases with 
increasing Mach number but the variation of Hi/Roo with mi/roo is 

dependent upon the inlet confi guration and orient ation with respect to 
the stream. The inclined inlet s exhibit a rising total-pressure ratio 
with increasing mass - flow rat io up to a point near choke; thereafter, 
as ~/mo increases, the pressure recovery falls. This increasing 

7 

recovery is probably due to the ingestion of air from further out in the 
stream where the total pressure is higher than in the boundary layer. 
As the inlet approaches a choked condit ion, local a ccelerations and fric­
tion become increasingly important and the total-pressure ratio decreases. 
The flush inlets which have their axes more nearly perpendicular to the 
surface require greater turning angles and, therefore, incur higher 
losses; for these inlets the pressure recovery decreases throughout the 
flow range at all except the lowest speeds. Intelmediate configurations 
may be found where in the total pressure remains essentially constant 
throughout the unchoked mass - flow range for a given Mach number. 

The curves of figure 7 have been cross plotted at constant mass-flow 
r atios in figure 8 which shows the variation of total-pressure ratio with 
Mach number for several geometric variables. The symbols do not repre­
sent a ctual test-data points but were obtained from cross fairing. Solid 
symbols indicate the Mach number and total-pressure ratio corresponding 
t o choking at t he particular mass-flow ratios involved . Absence of a 
solid symbol indicates that choking did not occur in the Mach number range 
of these tests f or t hat particular mass-flow ratio. Lines representing 
t he ratio of static pressure to tota l pressure in the free stream are 
drawn on all figures. These lines represent the pressure which would be 
measured by a wall st atic-pressure orifice and are observed to be in fair 

agr eement with t he measured pressures at throughout most of the 

Mach number r ange. 

Flush Circular Inlets 

Effect of L!D. - The pressure recovery of a series of circular inlets 
followed by a straight 'duct set perpendicular to the surface is presented 
as a function of stream Mach number in figure 8(a). These inlets had a 
diameter of 0. 375 inch which i s 2 . 88 time s t he boundary-layer thickne s s 
at a Mach number of 1.0. At all mass-flow ratios for which data are pre­
sented, Hi/Roo decrease s with i ncreasing Mach number and the slope of 

t he curves increases wi t h mass-fl ow r atio. 
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It is observed that the thin-edged inlets (LID = 0 to LID = 1.0) 
are generally inferior to those of higher LID. The optimum duct length, 

although not well defined, lies in the range from 3 diameters to 71 dia-
2 

meters. The improvement due to long ducts may be due largely to reattach­
ment of the flow to the duct walls after the sharp turn at the inlet and 
the resultant diffusion of the flow into the settling chamber. These 
results are in agreement with the transonic results of reference 3 where 
it was reported that the pressure recovery increased as LID is increased 
from 1/4 to 4. 

Effect of 8.- The effects of inclination of the inlet axis for flush 
circular inlets are presented in figure 8(b) where the pressure recovery 
is presented as a function of Moo for values of 8 from 150 to 900 • 

At ~ = 0, the measured recovery for 8 = 900 approximates the stream 

static-pressure curve very closely but, as the duct axis is inclined, the 
recovery increases rapidly especially at low values of 8. A comparison 

. . 

of the various groups of curves shows that the pressure recovery of the • 
150 inlet increases with mass-flow ratio whereas the opposite is true for 
the 900 inlet. This was also observed in the curves of figure 7(b). The 
increase in total pressure resulting from the ingestion of increasingly 
higher pressure air from the areas higher in the boundary layer may be 
calculated for an idealized condition of zero cross flow by the methods 
of reference 4. For a 150 inlet the measured total pressures closely 
follow the predicted values at low Mach numbers and agree in form at 
higher ~fuch numbers but, because of local accelerations, shocks, and 
shock--boundary- layer interaction, differ in magnitude. 

As the inlet inclination is increased above 150 , the upstream 
turning becomes less efficient and air flows into the inlet from the 
sides; thus, the total-pressure ratio and the maximum mass-flow rate 
decrease. All curves for these flush circular inlets show a rapidly 
decreasing total pressure at mass - flow ratios near choke. This condi­
tion is probably the result of the increased friction losses as the 
inlet velocity increases, the increased momentum losses as air flows 
over the sharp lips as was reported in reference 5, and nonun~formity 
of the velocity distribution at the discharge of the inlets. 

Effect of yaw angle. - The flush circular inlet with 8 = 150 and 
LID = 5 was tested at yaw angles of 300 and 600 in addition to the 
unyawed position. These results are presented in figure 8(c). There is 
a striking similarity between these curves and those for the inlets of 
figure 8(b) where the axis became nearly normal to the surface . As the 
yaw angle goes to 300 and to 600 , the total-pressure ratios fall rapidly 
and, at ~ = 600 , approach closely to the free-stream static-pressure 
curve. It is noted that this inlet at ~ = 600 offers a very wide 

I 

~ 
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opening to the approaching boundary layer; thus, the inlet takes in a 
pr oportionately larger quantity of low-energy boundary-layer air. In 
addition, there is the simple effect of increased turning required 
because of yaw. These results suggest that for highest total-pressure 
recovery the yaw angle should be maintained as low as possible. This 
condition is increasingly important as the mass-flow ratio or Mach num­
ber is increased . 

Effect of size of circular thin-plate inlets.- Three circular thin­
plate inlets, t = 1/16 inch, having diameters of 0.25 , 0.375, and 
0.50 inch were t ested to determine the effect of the ratio of inlet 
diameter to boundary-layer thickness . (See fig. 8(d).) The variation 
of boundary-layer thickness with Mach number provided an overall range 
of Die from 1.67 to 4.35. The total-pressure recovery for the zero 
mass-flow (vent) condition agrees well with the stream static-pressure 
curve up to M = 1.0. Above M = 1.0, however, expansions into the 
opening together with a shock against the downstream face of the inlet 
cause a slight pressure rise. At t he two hi gher mass-flow ratios for 

m· 
which data are shown, ~ = 0.3 and 0.5, the pressure recovery falls 

to values considerably below the stream static pressure . Since the 
effect of the change in LID (0.125 to 0.25) of these inlets i s insignif­
icant (see fig. 8(a )), it must be concluded t hat within thi s range of 
Die there i s little or no effect of boundary-layer thickness on the 
recovery of t hin-plate inlets. This conclusion is in agreement with 
conclusions 4 and 5 of reference 3. 

Flush Rectangular Inlets 

Effect of 8 .- The pressure recovery characteristics of sever al 
rectangular inlets of width-depth ratio 4 followed by a constant-cross­
section duct (LID = 5) are pr esented as figure 8(e). These inlets had 
a depth of 0 .1875 inch which is 1 . 44 times the boundary-layer t hick-

m· 
ness at a Mach number of 1.0. At ~ = 0, the high-angle (300 < e < 900 ) 

~ 

r ectangular inlets also have pressure recoveries closely approaching 
the stream static pressure up to M = 1.0. The e = 150 inlet, when 
operating as a vent, however, has a recovery about 6 percent greater 
than t he other inlets for M ~ 1.0. At supersonic Mach numbers and 
zero mass-flow ratio, the pressure r ecovery of all t hese inlets was 
about equal . As the mass - flow ratio is increased to 0 .3, 0. 5, or 0.7, 
t hese rectangular inlets offer pressure recoveries simil ar to those for 
t he circular inlets of figure 8(b). The recovery conSistently decreased 
as 8 increased f r om 150 to 900 • 

Effects of ramp configurati on and lip radius .- The 8 = 150 inlet 
of figure 8Ce ) was modified by rounding the upstream corner of the ramp 
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and by rounding the inlet lip (fig . 8(f)) and by reducing the ramp angle 
(fig . 8(g)). It is observed in figure 8(f) that the initial straight­
ramp , sharp- lip configuration had slightly less recovery t han the modi ­
fied configurations throughout the Mach number range for all mass - flow 
ratios . The 3- inch r adius on t he inlet ramp increased the recovery 
above that of the original 150 ramp configuration. No further improve-

ment was noted for the l¢ - inch- ramp r adius with either a sharp or 
2 

rounded upper lip . Although none of these modifications resulted i n 
marked improvements in the tota l -pressure recovery, the inlet-ramp radius 
was , effectively, a continuation of t he previously discussed (figs. 8(a) 
and 8(e)) systematic reductions in inclination of the .inlet axis. A 
more effective change was t hat of reducing the ramp approach to the inlet 
to 70 • This reduced-ramp angle provided increases in total-pressure 
recovery throughout the Mach number r ange but was most effective for 
M> 1.0. (See f i g . 8(g).) It appears t hat, alt hough sharp bends into 
the inlet should be avoided, a low angle of the entrance ramp is the 
primary consideration. This effect has been ob~erved previously in 
investigations of submerged entrances. (See ref . 6.) 

Although divergence of t he ramp is not strictly a variation of inlet 
widt h- dept h r atio, its effects are similar to those of width-depth ratio 
vari ation since ramp divergence al so affects the boundary layer which is 
allowed to enter the inlet . The divergence and ramp angle for the inlet 
discussed here (see fig. 2(b)) i s the same as the one used in reference 6. 
The diverging ramp inlet (fig . 8(g)) offers pressure recoveries higher 
than any of the other flush- type inlets tested at mass - flow ratios less 
than or eQual to 0 . 5 . However, for mass - flow ratios of 0.7 or greater, 
the 70 inclined inlet with straight-wall ramp offered higher pressure 
recoveries . 

Effect of width- depth ratio. - Performance curves for several inlets 
wit h 150 inclination but varying width-depth ratio are presented in fig­
ure 8(h ) . No great advantage appears to lie in any of the configurations 
although the lower width-dept h ratio inlets (1 and 1/4) l ed to slightly 
higher total-pressure r ecoveries and mass - flow r atios than the inlet 
with a wi dt h-dept h r ati o of 4 especially for M> 0 . 9 . A study of fig­
ures 7(e) and 7(g) reveal s that the inlets with lower width-depth ratios 
choke at higher mass - f l ow ratios than t he width- depth-ratio- 4 inlet ~a 
that in t his r ange the total -pressure recovery i s generally rising with 
mass - flow ratio. I f t here were no cross flOW, decreasing the width­
depth ratio would r eQuir e t hat l ess low-energy boundary-layer air and 
more high- energy a ir f rom the free str eam would enter the inlet. In 
this way, both the mass-flow ratio and the total-pressure recovery would 
be increased, as can be computed from the curves of r eference 4. These 
incr eases , however, f a iled to materiali ze in the measured inlet perform­
ance partly because of cross flow over the edges of the inlet and partly 
because of the adverse effects of low aspect ratio on the performance of 
a duct bend . 

.J 
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In an attempt to control boundary-layer cross flow into the inlet, 
the aspect-ratio-l/4 inlet was equipped with fences which were especially 
effective in increasing the maximum mass-flow and total-pressure ratios 
(fig. 7(g)) although the total-pressure recovery at lower mass-flow 
ratios shown in figure 8(h) was not improved. 

The flush circular inlet data (for * = 00 and 8 = 150 ) have been 
replotted in figure 8(h). Although the cross-sectional area of these 
inlets is different from that of the rectangular inlets, the width-depth 
ratio is regarded as unity and it may be compared with the rectangular 
inlets on this basis. At mass-flow ratios less than or equal to 0.5, 
the circular inlet performance is equal to that of the rectangular inlets 

Int with low width-depth ratios. At rna = 0.7, however, the circular inlet 

pressure recovery falls 2 to 3 percent below that of the rectangular 
inlets for Mach numbers greater than about 0.7. 

Circular Scoops 

A circular ~coop inlet constructed so that the inner edge of the lip 
is flush with the surface of the tunnel wall was tested at yaw angles 
of 00 , 300 , and 600 • The inlet diameter is 0.375 inch; thus, D/o = 2 . 88 
at M = 1.0. Results are presented in figure 8(i). It is immediately 
observed that the total-pressure recovery for 00 yaw is much higher than 
that for the best of the flush inlets. Total-pressure ratios remained 
above 0.90 for all test Mach numbers for mi/mo up to 0.7 and up to the 
choked condition for most Mach numbers. (See fig. 7(h).) Yawing the 
inlet caused marked reductions in total-pressure recovery for values of * approaching 600 Where, for mi/mo = 0.5, the scoop inlet pressure 
recovery was less than that for the flush circular inlet (8 = 150 ) at * = 600 • For the zero mass-flow condition, it was found that the slope 
of the recovery curve for the scoop inlet closely approximates that for 
the total-pressure tubes reported in reference 7. The magnitudes of the 
pressures are not comparable with those of reference 7, however, because 
of the boundary layer in which the inlet operated. 

Ramp Static-Pressure Distributions 

Four of the inlets previously discussed were " equipped with static­
pressure orifices down the center of the ramp in an effort to obtain a 
better understanding of the flow as it approaches the inlet. 

Rectangular inlet; 8 = 150 ; width-depth ratio of 4. - The static­
pressure distributions for the rectangular inlet with a sharp lip and a 
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41 -inch radius on the ramp are presented as figure 9(a). A small tick 
2 

on the ordinate indicates stream static pressure . The pressure on the 
upstream end of the ramp decreases slightly below the stream static 
pressure as the air is accelerated locally in turning from the surface 
onto the ramp. At low mass-flow ratios this local acceleration is imme­
diately followed by a pressure rise ahead of the inlet lips followed by 
nearly constant or gradually increasing pressure through the inlet duct. 
As the mass - flow ratio increases, the local accelerations on the inlet 
ramp become stronger and are followed by a compression that was also 
observed at low mass - flow ratios. For Moo> 1.0, none of the pressures 

on the ramp were as low as the theoretical values corresponding to the 
turning angle of the ramp. This condition is probably due to the 
boundary-layer flow and possible separation from the ramp leading edge. 
For each Mach number, the pressures indicated a net turn of from 50 
to 70 • 

For the highest mass-flow ratios, the static pressure inside the 
inlet duct decreased at Moo <: 0.9 but remained nearly constant or con­
tinued to rise for Moo> 1.0. This result is readily explained in terms 
of the static pressure necessary for choking, the total-pressure losses 
being assumed as not excessive. For the inlets to choke at subsonic 
speeds, the static pressure must necessarily decrease; however, at super­
sonic speeds, the Mach number at choke is less than the free-stream Mach 
number and choking incurs a pressure rise. Since the inlet lip angle 
is greater than the maximum for which attached shocks can occur at these 
Mach numbers, it is obvious that a strong shock remains upstream of 
station ° at all supersonic Mach numbers and the flow downstream of 
station ° must remain subsonic for all flow conditions. Rounding the 
lip of this inlet resulted in the static-pressure distributions of fig­
ure 9(b). These distributions are notably similar to those of figure 9(a) 
and no gross effects due to lip radius are observed. 

Rectangular inlet, ramp angle 70 .- The sharp-lip rectangular inlet, 
8 = 150 , with a straight- sided ramp of 70 produced the ramp static­
pressure distributions of figure 9(c). For low Mach numbers, Moo ~ 1.0, 
the upstream end of the ramp behaves much the same way as a subsonic 
diffuser and causes the static pressure to rise for all mass -flow ratios. 
The maximum pressure is generally reached at the inlet lip and the flow 
through the inlet duct follows the same pattern as was observed in fig­
ure 9(a) . At the highest mass-flow ratio, there is an abrupt pressure 
drop at station 0. A similar but somewhat less abrupt pressure drop is 
observed for the inlets of figures 9(a) and 9(b). It may therefore be 
surmised that, for the inlets without ramps (that is, cp and 8 eClual) , 
this initial pressure reduction at , or slightly inSide, the lip stems 
f~om local accelerations on the inner surface of the lip. For inlets 
with cp < 8, the pressure drop at the lips would result from a combination 
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of local acceleration on the inner surface of the lip and at the ramp­
throat juncture. For Moo> 1.0, the flow at the upstream end of the 
ramp experiences a pressure reduction as a result of supersonic acceler­
ation but almost immediately begins a gradual recompression which con­
tinues up to the face of the inlet. A gradual compression of this type 
would be expected to offer a higher total-pressure recovery than the 
strong shocks of figures 9(a) and 9(b). The internal flow is very simi­
lar to that at Moo ~ 1.0 with the exception that the sharp pressure 
reduction at the lips does not occur. 

Diverging ramp inlet.- The static-pressure distributions for the 
diverging ramp inlet (fig. 9(d)) indicate an acceleration in the upstream 
part of the ramp for all Mach numbers at all except the lowest mass-flow 
ratios. After this acceleration there is a pressure rise which occurs 
much more abruptly than that observed for the straight-walled ramp. The 
upstream ramp acceleration at Moo 5 l.O must represent a supersonic 
expansion and Mach numbers up to l.lS and 1.5 are indicated for free­
stream Mach numbers of 1.0 and 1.3, respectively. The very abrupt pres­
sure rise occurring up to l/2 inch ahead of the inlet lips obviously is 
a strong shock and is similar to that observed for the inlets of fig­
ures 9(a) and 9(b). A shock with probable separation was observed in 
this region for a similar inlet in reference S. The losses in a strong 
shock in this region are much less desirable than the more gradual pres­
sure rise noted for the inlet with straight-walled ramp. The large 
amount of supersonic acceleration on the diverging wall ramp and the 
ensuing shock at relatively high Mach numbers are the cause of high 
losses which occurred with this inlet at the higher mass-flow ratios. 

CONCLUSIONS 

A transonic investigation of the pressure recovery and mass - flow 
characteristics of several flush type and one scoop-type auxiliary inlets 
immersed in relatively thick boundary layers has permitted the formula­
tion of the following conclusions: 

1. Best pressure recovery and highest mass-flow rates were obtained 
with a scoop inlet; inclined inlets wherein the inlet axis and/or ramp 
is at a very low angle with respect to the surface were the best of the 
flush installations tested. 

2. For flush inlets, if the inlet is small and operates at the high 
mass-flow ratiOS, best total-pressure recovery was obtained when a low 
width- depth ratio and parallel fences were used to restrict the cross 
flows. 
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3. The diverging ramp inlet (~ = 70 ) was infer i or t o the parallel­

sided ramp (~ = 70 ) at high mass - flow ratios. For low values of ~/mo 

the total-pressure recovery can be improved by using the NACA submerged 

inlet with diverging ramp . 

4 . For Mach numbers greater than 1.0, the static pressures measured 

along the ramp center line indicated t hat the diverging wall ramp caused 

increases in local velocities and strong shocks on the ramp. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va ., January 30, 1956. 

J 
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Figure 6.- Variation of inlet static-pressure differential with mass­
flow ratio. 
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Figure 9.- Continued. 
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(d) Re ctangular inlet; width-depth ratio 4; e = 15°; ~ 7°; ~ = 0°; diverging wall ramp. 

Figure 9.- Concluded. V1 
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