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SUMMARY

As a part of an investigation of variable-area auxiliary inlets
intended to provide for the variation of engine air requirements with
speed and altitude, three auxiliary scoop inlets were tested in combi-
nation with a nose inlet at Mach numbers from O to 1.3 at zero angle of
attack. These auxiliary inlets had inlet areas equal to 12 percent of
the main-inlet area. Two values of scoop width-to-height ratio were
investigated for inlets with sharp lips, and a third model was tested
with rounded lips. Comparison with the results of a preliminary inves-
tigation indicates that gains of about 7 percent in the effective-thrust
ratio were attained at a Mach number of 1.1 by reducing the scoop width-
to-height ratio from 13.4 to 2.k4.

INTRODUCTION

Some method of providing turbojet engines with the varying quantities
of air they require over a range of flight conditions has been found to
be necessary in order to maintain a high level of thrust (refs. 1 and 2).
One simple method of satisfying these varying requirements has been inves-
tigated and reported in reference 2; in this preliminary investigation,

a variable-area scoop-type auxiliary inlet of large width-to-height ratio
was tested. Substantial gains in effective thrust, relative to a fixed-
area inlet, were calculated to be attainable with the preliminary design
over a large portion of the speed range from 0.77 to 1.30 Mach number.
The preliminary tests indicated that the performance of the auxiliary
scoop was probably limited by the body boundary layer and a large flow
turning angle at the outer lip. It was suggested in reference 2 that
further gains in thrust might be attained by reducing the width-to-height
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ratio of the auxiliary scoop and more nearly alining the lips with the
local flow direction. It is the purpose of the present investigation
to establish the importance of the width-to-height ratio and the lip
alinement and to indicate the gains possible with these design refine-
ments.

NOTATION
A cross-sectional duct area, sq ft
Cg effective-thrust ratio, iz S , dimensionless
8
d distance of survey-rake tube from bottom of main duct, ine
D drag, (p, - Po)[(Al + A1g) - AOT]) 1b
Fq internal thrust, 1lb (see ref. 1)
Fg internal thrust based on isentropic total-pressure recovery,
1b
H total pressure, lb/sq ft, absolute
M Mach number, dimensionless
m mass~-flow rate, pVA, slugs/sec
mTO mass-flow rate based on total inlet area, PyVoAm, slugs/sec
I, mass-flow rate through total inlet area at uniform sonic
% velocity with free-stream total pressure, p,V, An, slugs/sec
19 static pressure, lb/sq ft, absolute
) velocity, ft/sec
W auxiliary-inlet-flap width, in,
% station downstream of main-duct entrance, in.
p mass density, slugs/cu £t
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Subscripts
a auxiliary
L total
w conditions just downstream of normal shock wave
o free stream
i main-inlet-entrance station
la auxiliary-inlet entrance
2 outlet station of auxiliary duct
3 diffuser-exit and survey-rake station
4 upstream mass-flow measurement station
5 downstream mass~flow-measurement station
* sonic conditions

APPARATUS AND TESTS

The tests were conducted in the Ames 2- by 2-foot transonic wind
tunnel. A description of the equipment, test methods, and accuracy is
presented in reference 2.. The Mach numbers of the tests were 0, 0.20,
0.77, 0.95, 1.13, and 1.30; at the highest Mach number the Reynolds
number based on the main-inlet diameter was approximately 1/2 million.

Three auxiliary-inlet configurations were tested with a conventional
normal-shock inlet (see fig. 1). Two of the inlets had a frontal aspect
ratio (width-to-height ratio) of 2.4, while the aspect ratio of the third
inlet was 13.4. The lower-aspect-ratio inlets differed in two respects:
One had a constant internal cross-sectional area for a distance of about
one duct height downstream of the sharp-lip entrance; the other was made
from the first by cutting off the external duct walls of the constant-
area section and rounding the resultant lips to a semicircle approximately
0.027 inch in diameter. Within the Mach number range of this investiga-
tion, the flow conditions at higher speeds were considered more critical
than those at lower speeds; for this reason, the auxiliary-inlet area
used in the present investigation was set to equal 12 percent of the main-
inlet area, and no other values were investigated.
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Tt should be pointed out that in this investigation, the included
wedge angle of the lips of the auxiliary inlets was only 4O and that the
auxiliary duct walls were alined with the local flow direction; as a
result, the flow turning angle at the inlet station was reduced roughly
150 from that of reference 2. The high-aspect-ratio inlet had the same
frontal dimensions as the inlet of the preliminary investigation, but the
duct was approximately 35 percent shorter. The low-aspect-ratio inlet
having sharp lips and a constant-area section had the same duct length
as the inlet of the preliminary investigation. All three auxiliary ducts
had constant rates of area increase with length in the diverging sections.

The quantities measured during the tests were the static pressures
at stations 0, 3, 4, and 5 and the total pressures at stations 0 and 3.
Since the total-pressure rake at station 3 did not provide a complete
survey of the flow field, its readings were used only for determining
the total-pressure profiles in the vertical midplane at that station.
The total-pressure ratios H4/HO presented in this report were calcu-
lated by the use of the continuity of mass relation in conjunction with
the static pressures and flow areas at stations 4 and 5.

RESULTS AND DISCUSSION

The variation of the total-pressure ratio at station 4 with mass-
flow ratiol for the inlets tested are presented in figure 2, together
with data of reference 2 for comparison. Total-pressure profiles in the
vertical midplane of the duct at station 3 for the low-aspect-ratio inlet
with sharp lips at Mach numbers of 0.77, 0795, ‘and LJl3iare ghiyensin
figure 3; similar data for a high-aspect-ratio inlet are given in
reference 2.

The effect of reducing the frontal aspect ratio is to increase the
total-pressure recovery at the higher mass-flow ratios (see fig. 2).
This increase was maintained over the range of test Mach numbers. At
Mach numbers below 1.3 the recovery with the auxiliary inlet approached
the recovery of the main inlet. However, at Mo = 1.3 'the recovery was
3 to 5 percent lower (see fig. 2(f)). At mass-flow ratios less than
about 0.8 and at Mach numbers of 0.95 and above, the total-pressure

3! z 2 :
-flo atio and for subsonic and supersonic
The mass w ratios mT/mT* mT/mTO, P

speeds, respectively, have been employed to facilitate comparisons of
the air-induction-system characteristics at various auxiliary-inlet
openings. The ratio mT/mT* is the total actual mass flow divided by

the total mass flow when the air openings are choked; the ratio mT/mTo

ig the total actual mass flow divided by the mass which would flow in
the free stream through an area equal to the total inlet area.
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recovery for the high-aspect-ratio inlet was slightly higher than that
of the low-aspect-ratio inlet. This fact is contrary to expectations,
and. the reason for it is not understood.

The effects of alining the outer lip with the local flow direction
and of shortening the auxiliary diffuser are shown by the total-pressure
recovery at Mg = 1.3, plotted in figure 2(f) for the 13.Lk-aspect-ratio
inlets. In the high-mass-flow-ratio range, the total-pressure recovery
of the inlet used in the present investigation is 2 to 4 percent higher
than that of the preliminary model. At Mach numbers less than 1.3, the
difference in recoveries was negligible.

The effects of rounding the lips of the auxiliary inlet and elimi-
nating the constant-area section were small at Mach numbers of O and 1.3
(see figs. 2(a) and 2(f)) and moderate at 0.2 (fig. 2(b)). At the other
test Mach numbers the effects were negligible and are not shown in the
figures for that reason.

It is reasonable to expect the foregoing effects to apply qualita-
tively in the case of duct systems in which other inlet-area ratios are
used. Analysis of the data suggests that further improvements in per-
formance of the auxiliary inlets tested may be expected mainly through
a reduction of boundary-layer effects. The two obvious methods appear
to be: (1) further reduction of the frontal aspect ratio, and (2) control
or removal of the boundary layer. The first method appears to be imprac=-
tical because of the large slope of the outer auxiliary-duct wall. Pos=-
gible improvements with the use of the second method, that is, boundary-
layer removal, can be estimated from the data published in reference 3.

The effect of the improvements in pressure recovery and mass-flow
ratio relative to the results reported in reference 2 are shown in
figure 4 in terms of an effective-thrust ratio (Cy) for an altitude of
35,000 feet. The values of the effective-thrust ratio were obtained by
the methods of reference 1 and by assuming the turbojet engine of the
propulsion system to have air-flow and thrust characteristics similar to
those of the J-57-Pl engine when operating at normal rated power. The
uppermost curve in figure 4 is that which would be obtained if the main-
inlet area were continuously variable with Mach number as required for
the optimum performance. The lowest line (at Mg = 0.8) in figure 4 indi-
cates the values of C that would be obtained without an auxiliary inlet
with the main-inlet area fixed at the design value for Mgy = 1.3 and an
altitude of 35,000 feet. The remaining lines show the effective-thrust
ratios attainable with the auxiliary inlets tested when the total inlet
area is 112 percent of the'design value. The decreases in Cg below
those for best operation at the higher Mach numbers are due to air spill-
age, and the decreases at lower Mach numbers are due to insufficient
inlet area. A variable auxiliary opening which would be closed at a Mach
number of 1.3, open 12 percent at a Mach number of 1.1, and 24 percent
open at a Mach number of 0.9 (ref. 2) would have the best possible
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effective thrust at the maximum Mach number and would be within 2 percent
of the optimum at other high-speed flight conditions. Furthermore, still
larger auxiliary-inlet openings can provide improved low-speed perform-
ance.

CONCLUSIONS

Scoop-type auxiliary inlets with inlet areas equal to 12 percent
of the main-inlet area were tested in combination with a conventional
normal-shock inlet in the range of Mach numbers from O to 1.3. The fol-
lowing conclusions were drawn from the test data of this and of the pre-
liminary investigation and from an evaluation of the results in terms
of an effective-thrust ratio:

1. The effective-thrust ratio attainable at a Mach number of 1.1
with the auxiliary inlet having a width-to-height ratio of 2.4 was
within 2 percent of that possible with the main inlet alone, and was
about T percent greater than that attained with the auxiliary inlet hav-
ing a width-to-height ratio of 13.L.

2. The effect of altering the outer lip angle to approach more
nearly the local flow direction was small at Mach numbers below 1l.3. At
Mach number 1.3 a gain in total-pressure ratio of from 2 to 4 percent
was observed.

3. The effects on total-pressure recovery of a moderate amount of
lip roundness and of a constant-area section in the auxiliary inlet were
small at all Mach numbers.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., May 28, 1953
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(a) Model with auxiliary inlet.
Figure 1l.- Model dimensions.
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(b) Auxiliary inlet details.
Figure 1.- Concluded.
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Figure 2.- Variation of total-pressure recovery with mass flow ratio at zero angle of attack.
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Figure 2.~ Continued.
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Figure 3.- Total-pressure profiles at station 15.4, for A;q/A; = 0.12, 2.h4-aspect-ratio auxiliary

inlet with sharp lips at 0.77, 0.95, and 1.13 Mach numbers.

QIHIECY WY VOVN

¢t



10 H
———— & ¥
. =
é " > lEs\’\
8 = e
) o :
W &
//
" .6
Q
g A
3 ———2°:0 Reference 2
82 e ;’l =.12 Aspect ratio =2.4
S .l
< ———— 2% .12 Aaspect ratio = (3.4, Modified duct contours
2 - %% =.12 Aspect ratio =134, Reference 2
£5: 5 i . : o ¥
.3:: ~— ——— (Continuously variable main-inlet area
lq I I
0 | il
4 6 8 10 12 /4 1.6 18 E
Mach number, My ;
Figure L4.- Variation of effective thrust with Mach number for sharp-lip inlets at 35,000-feet §;
altitude and engine operation at normal rated power. %’
@



