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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

TBS'IS OF A SMALL-BCALE NACA SUBMEIDED I NLET 

AT TRANSONIC MACH NUMBERS 

By L. Stewart Rolls and George A. Rathert) Jr . 

SUMMARY 

The pressure-recovery characteristics at the vertical center line 
of an NACA submerged inlet of aspec t ratio 5 have been measured in the 
Mach number range 0 . 60 to 1 . 08 by the wing- flow method. The variation 
of ram-recovery ratio determined from measurements at the center line 
of the inlet with test station Mach number is presented for mass- flow 
ratios of 0.30 to 0 . 60 . 

~ High ram recovery was maintained up to test- station Mach numbers 
of 1.03 to 1.08) where) for mass- flow ratios below 0 . 5) an abrupt loss 
in pressure recovery was associated with format ion of a shock wave on 
the inlet ramp and subseQuent interaction with ramp boundary layer. 

INTRODUC TI ON 

The favorable pressur e-recovery characteris tics of NACA submerged 
inlet.s have been demonstrated a t low speeds (references 1 a nd 2) and at 
h igh subsonic speeds (reference 3). The need f or data at transonic 
speeds on this t ype of inlet has become ur gent due t o their contemplated 
us e on airplanes capable of flight i n thi s range. Qualitative data at 
low t ransonic speeds have been obtained on a submerged inlet of aspect 
ratio 4 in a small high-speed wind tunnel (reference 4). 

To provide data on a submerged inlet in the transonic r ange ) tests 
were made on an aspec t ratio 5 inlet using the NACA wing- flow method . 
This report presents the characteristics of the submerged inlet in the 
Mach number range of 0.60 t o 1.08. The inlet characteristics are 
discussed solely in terms of pressure-recovery performance . 

NOTATION 

A duct entrance area) sQuare feet 
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H total pressure ~ pounds per sQuare foot 

M Mach number 

p static pressure ~ pounds per sQuare foot 

v velocity~ feet per second 

u local velocity~ feet per second 

z distance above test-etation surface~ inches 

P air density~ slugs per cubic foot 

boundary-layer thickness~ inches 

5* displacement thickness [J 5 (1 - P~~5) dZJ 

o 

1 

o 

ram-recovery ratio 

C
p AV1) mass- flow ratio __ l __ _ 
PaAVo 

Subscripts 

test station (approximately 3 in. aft of 40-percent wing-chord 
station) 

rake location 

local 

outer edge of boundary layer 

TEST EQUIPMENT 

The investigation was conducted by placing the model inlet in a 
region of a ccelerated air flow over a special built-up test station on 
an airplane wing. A photograph of the inlet installed on the test station 
is shown in figure 1. The pertinent inlet dimensions are presented in 
figure 2 and provide the standard divergent wall as described in refer
ence 1. The standard type lip for this type inlet was not used on this 
model. 
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Flow Field 

Measured characteristics of the flow field include the horizontal 
Mach number distribution and the variation of total head through the 
test-station boundary layer. The measurements were made without the 
model installed but under conditions of constant airplane Mach number, 
normal acceleration, and average pressure altitude otherwise identical 
with the test runs. Figure 3 presents the distribution of local Mach 
number along the test station. The 40-percent wing chord shown on this 
figure locates the test station on the airplane wing. Figure 4 shows 
the variation at maximum airplane Mach number of total pressure through 
the boundary layer measured by a rake of total pressure tubes located 3 
inches aft of the 40-percent wing-chord station. 

Ducting System 

3 

In producing a pressure differential across the inlet, to enable 
air flow through it, a ducting system was constructed whereby the 
discharge could be made at a region of low static pressure. The inlet 
exhausted into a plenum chamber which discharged through a circular duct 
to the upper surface of the wing at a station 33 inches inboard of the 
inlet . A schematic drawing of this ducting system is shown in figure 5. 
The amount of air flowing through the system and consequently the mass
flow ratio was varied by using several different diameter constrict ions 
at the flow outlet. 

INSTRUMENTATION 

The pressure recovery was measured by a rake of nine total pressure 
tubes mounted on the duct center line just inside the lip (fig. 2). The 
ratio of area at the measuring station to inlet area was 1.13, thus 
some" diffusion losses were included in the measurements. The complete 
inlet area could not be surveyed without unduly lowering the mass-flow 
ratio; however, the center line measurements are considered to be a 
qualitative indication of the transonic characteristics of the inlet. 

The mass-flow ratio was determined from a calibration of the 
pressure drop at the junc t ion of the plenum chamber and the exit duct. 
This effective Venturi was calibrated by a series of ground tests using 
a compressor and a standard ASME flowmeter orifice. The location of 
the measuring tubes are shown in figure 5. 

The static pressure dis tribution was measured over the forward 
portion of the ramp. The flush type orifices were mounted along the 
center line of the ramp. 
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TESTS 

The pressure recoveries at the duct center line were measured for 
each of four outlet constrictions (various mass-flow ratios) at constant 
Mach nwnbe:rs in the range 0.50 to 1.10. Typical curves of the measured 

Hl-po 
ram-recovery ratios 

Ho-po 
figure 6. 

across the inlet entrance are presented in 

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

DISCUSSION 

Pressure-Recovery Characteristics 

The variation of ram-recovery ratio with Mach number along t he 
vertical center line of the inlet for constant mass-flow ratios from 0.3 
to 0.6 is presented in figure 8. 1 Good recovery characteristics are 
indicated at the test mass-flow ratios up to test-station Mach numbers of 
1.03 to 1.08. At some value of Mach number in this range, for mass-flow 
ratios below 0.5, the ram-recovery rati02 decreased abruptly. 

The abrupt loss in ram-recovery ratio at the higher Mach numbers 
obtained in this investigation of an aspect ratio 5 inlet is believed to 
be due to separation 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 t Ile inlet ramp was indicated. 
Figure 9 shows the variation of local Mach number over the for-ward portion 
of the ramp for several values of tes·t-station Mach number and for two mass
flow ratios taken during this run. At a test-station Mach number of approx
imately 1.05, a shock wave occurred on the inlet ramp as indicated by the 
abrupt change in local Mach number. This abrupt change occurred, with no 
change in inlet geometry, Simultaneously with the loss in ram-recovery 
ratio and mass-flow 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 considerable thickening of the boundary 
layer and separation due to the interaction of the ramp boundary layer 
and shock wave. 

lThese values are the average and are not weighted according to the local 
mass-flow ratio. 

2It should be noted that the ram-pressure recoveries presented in this 
report do not represent the total inlet characteristics, but represent 
conditions only along the center line of the inlet. 
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A further indication of the effect of this ramp shock wave is 
evident in the variation of mass-flow ratio with Mach number. In figure 
7, for one particular configuration, a decrease of 0.113 mass-flow ratio 
occurred at a Mach number of 1.08 when the shock wave appeared on the 
entrance ramp. 

Application of Data t o Fuselage Installations 

The effect of the ramp boundary-layer and shock-wave interaction on 
the variation of pressure recovery with Mach number is a significant 
factor in evaluating the results of these tests of an isolated inlet. 
Quantitative comparisons with other tests or use of the data to estimate 
the characteristics of an installation on a fuselage not only must be 
made f or the same aspect ratio but will accurately represent c onditions 
only for locations having static-pressure gradients, superstream veloci
ties , and boundary-layer charac teristics similar to the wing-flow test 
station. 

A comparison between the Mach number gradients over the wing-flow test 
station and those over a prolate spheroid of fineness ratio of 6 is pre
sented in figure 11. The data for the prolate spheroid were obtained from 
reference 5. This comparison is made for a reference Mach number of 0.95. 
The variations at other Mach numbers were such that the relation shown 
in figure 11 is considered to be representative of the comparison between 
the wing- flow test station and a prolate spheroid of fineness ratio of 6. 
It can be concluded from figure 11 that the pressure gradient and super
stream velocities existing at the ramp location on the wing-flow test 
station approximate those existing between the 16-percent to 36-percent 
stations on the prolate spheroid. Thus, except for differences in boundary
layer characteristics (due to differences between two- and three-dimen
sional effects as well as those ariSing from scale), the test data of this 
report can be considered to represent the characteristics of a flush inlet 
configuration such as pic t ured at the top of figure 1I. 

CONCLUDING REMARKS 

Measurements conducted on a wing-flow-method test station have been 
used to study the effect of Mach number on the pressure-recovery charac
teristics of an NACA submerged inlet of aspect ratio 5 . The favorable 
low-speed characteristics were maintained up to the Mach number range 1.03 
t o 1.08 where, for mass-flow ratios below 0.5, an abrupt loss in pressure 
recovery was measured. This abrupt loss in ram-recovery ratio is believed 
t o be due t o separation along the ramp caused by shock-wave boundary-layer 
interaction. 
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In any attempt to use these results it is important to take into 
consideration that they are subject to influence not only by the given 
inlet geometry (e.g., inlet aspect ratio, ramp divergence, etc.), but 
also by the pressure field existing on the basic body, which will 
influence boundary-layer growth, separation, and superstream velocities 
along the ramp . 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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Figure 1.- ~eneral view of wing-flow test station with submerged inlet installed. 
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Figure 2 .- Drawing of submerged inlet. 



~f' 
~ .. 
Q) 

-Q 

~ 
~ 
t::: 

-<:: 
\.) 

~ 
........ 
tl 
\.) 
C) 

....,J 

40 % Wing chord 
12 Airplane Mach 

number 
.74

1 
0-

I 
1.1 

r-- .72 l!)-

1.0 
I r-----

.70[ ~ 

I 
.9 r-- .65 is 

.8 

.55 v 

.7 

.6 
.44 l:J" 

.5 

'-- .35 \:.J 

,--_1 .4 
-2 -I o 

Start of 
ramp 

". 

" 

l:.. 

'" 

(.) 

I 

[) 

f>. 

" 

-:-. 

<> 

GJ kl 

() 

-

2 3 4 5 6 

Distance along test stationl in. 

, Figure 3 .- Variation of Mach number along the wing-flow test station . 

.. 

'" 

~ 

/]:; 

<> 

8 

8 
Lip 

-- It 
1 8 

J 
I 

I 

1 

I 

9 10 

~ 

f--' 
o 

~ 
~ 
> 
~ 
\0 



1.6 
.~ 

... 
<b 
~ 

~ 
~ 1.2 
II) 

~ 
~ 
~ 
IJ) .8 ..... 
II) 

~ 

~ 
() 

~ .4 
<b 
~ 

~ ..... 
II) 

CS 0 
o 200 400 600 

Airplane M = .13 ~ 
Test station ~ = 1.10 
Displacement thickness 8* = 0045 in. 
Static pressure Po = 800 Ib / sq ft 

p 

~ 

~ 

~ 
~~ 

V r- ~ 

-<:5 ~Y 

800 1000 1200 1400 1600 1800 

Total head, Ibl sq ft 

Figure 4. - Typical variation of total head through the boundary layer on the surface of the wing
flow test station . 

~ 
~ 
~ 

~ 
[\) 
\D 

f--' 
f--' 



Flow constriction ring 

Plenum chamber 

Figure 5. - Schematic drawing of inlet test assembly. 
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