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INVESTIGATION OF FIXED-GEOMETRY
SUPERSONIC INLETS WITH BYPASS DUCTS FOR MATCHING
TURBOJET-ENGINE AIR-FLOW REQUIREMENTS
OVER A RANGE OF TRANSONIC -
AND SUPERSONIC SPEEDS

By Abraham Leiss and Walter L. Kouyoumjian
SUMMARY

A method for matching fixed-geometry supersonic-inlet air flow and
turbojet-engine air-flow requirements by means of a bypass duct was
investigated. This investigation consisted of ground and flight tests.
The experimental mass-flow ratios and total-pressure recovery were
determined by the ground tests which included a Mach number range from

0.96 to 2.03 and & Reynolds number range of 3.98 x 100 to 8.41 x 10°.
The flight tests were made to determine the effect of an inlet bypass
duct on the zero-1ift drag characteristics of the inlet models at tran-
sonic and supersonic speeds. Two bypasses were tested, a 360° annular
bypass and twin bypass segments with slots. The flight tests covered

a Mach number range from 0.8 to 1.95 and a Reynolds number range, based
on maximum body diameter, from 2 X 107 to 8 x 10°. The results indicated
that the use of a bypass on a fixed-geometry inlet allows the required
engine-air mass flow to be matched over a larger Mach number range.
However, the models with bypass had slightly higher external drags
throughout the flight Mach number range than the inlet without a bypass.

INTRODUCTION

One of the problems facing designers of supersonic airplanes,
employing air-breathing engines, has been the successful matching of
the inlet mass flow with the engine-air mass-flow requirements through-
out the flight Mach number range without introducing prohibitive drag
penalties. 1In general, designing a fixed-geometry inlet suitable for
a turbojet engine at subsonic speeds results in an excess inlet area at
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supersonic speeds; and hence air spillage, which results in a severe
drag penalty, occurs. Also, proper sizing of the inlet at supersonic
speeds results in starving the engine at subsonic speeds with a result-
ant severe loss in engine thrust.

One proposed solution to the inlet engine matching problem, in con-
Junction with a fixed-geometry inlet, is the use of an auxiliary exit
system located in the subsonic diffuser section upstream of the turbojet
compressor. This exit system would be used to bypass the excess air
supplied by the inlet at supersonic speeds above the design Mach number,
Performance tests of similar systems are presented in references 1 to k.
These reference data indicate that spillage rates as high as 23 percent
can be achieved by using a bypass with only a fraction of the drag
increase that resulted when this spillage was taken around the inlet
leading edge through a normal shock.

Reference 5 presents a comparison of engine performance employing
translating spike and fixed geometry with bypass.inlets. This reference
indicates favorable gains in pressure recovery for the bypass over the
others listed. The main disadvantage to the bypass systems previously
tested was the added weight penalties, due to the additional mechanism
needed to regulate the bypass spillage area. In an attempt to eliminate
this control mechanlsm and simplify the inlet, the Langley Pilotless
Aircraft Research Division has conducted tests to investigate & bypass
method that would match the engine air-flow requirements exactly at two
Mach numbers and practicably match the engine air-flow requirements at
intermediate speeds. This paper presents the results of a preliminary
investigation of this method.

Two supersonic inlets, each with a bypass, were tested and compared -
with a fixed-geometry inlet without bypass. Each of the three models
used a conical shock with a 50° cone, designed for Mach number 2.0, and
each inlet was mounted on identical afterbody and fin configurations.
The design theory of the two bypass models tested is also presented.
Drag data are presented over a Mach number range from 0.8 to 1.95 and

a Reynolds number range (based on maximum body diameter) of 2 x 102

to 8 x 10°. These models were tested at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va.

SYMBOLS

a tangential acceleration, ft/sec2

A area, sq in.
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Ag stream-tube area, sq in.

Cp drag coefficient, D/qAf

d diameter, in.

D drag, 1lb

g acceleration due to gravity, ft/sec?

L nozzle minimum length, in.

M Mach number

Nge Reynolds number based on maximum body diameter

P static pressure, lb/sq ft

Dy total pressure, 1lb/sq ft

Q dynamic pressure, 1lb/sq ft

R stream tube-area ratio at two Mach numbers, Ao,i,2/Ao,i,l’
Ao,B,2[R0,B,10 Ao,e,2[Po,e,1 OF Ao,N,2[Po0,N,1

R' stream tube-area ratio at Mw,l = 1.0

v velocity, ft/sec

W mass flow, lb/sec

W ‘ weight, 1b

W/, ratio of mass flow of ailr through the duct to mass flow of
air through a free-stream tube of air equal to inlet area
defined by lip diameter

X distance from tunnel exit to cowling lip, in.

4 flight-path angle, deg

o density, slugs/cu ft
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Subscripts:
b base
B bypass
B’ bypass entrance
c center body at lip leading-edge station
e cowling exit at nozzle entrance
T frontal
i cowling inlet at lip leading edge
N engine requirements
5 slots
T total
X external
X bypass exit
® free stream
1,2 design conditions (two different Mach numbers)

INLET DESIGN

The inclusion of a bypass system to provide a means of spilling the
excess air supplied by the fixed-geometry inlet adds another variable to
the inlet engine matching problem. Thus, by properly sizing the inlet
and bypass relative to the engine requirements, a fixed-geometry system
can be designed that will match the engine air-flow requirements exactly
at two specified Mach numbers. It appears further that a reasonably
close matching of the engine air-flow requirements may occur over the
intermediate range of Mach numbers.

The following method was used for determining the required size of
inlet and bypass exit at two Mach numbers.
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In terms of the free-stream tube area (i.e., the mass flow required
to satisfy the continuity relation),

Ao,i1 = Ao,N + Ao,B : (1)
Ag,2
and since R = —2=, then
o,l
Ri(Ao,i>l = RN(AO,N)]_ + By(Aq,B); (2)

and when equation i1s simplified
(AO:i)l(Ri - RB) =.(Ao,N)l(RN - RB) (3)

note that

where

(0,91 _ (W_>l (1)

and the required inlet area is

A -
Ay = ( O’N)lCI:N RB> ‘ (5)

Wi i - Rp
le

The corresponding bypass exit area required is obtained from equa-
tion (1) and is given as follows:

AB - (Aoyi)]_ - (AO)N)]_ ‘ (6)
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A
In equation (6) the term <—§}§> 1s equivalent to the mass-flow ratio
B

out of the bypass and is based on the bypass exit area, that is,
Ao,ﬁ) _(f8'8'8\ _ [FB'B' (7)
AB 1 poovooAB 1 PV o 1
In the present paper, the two Mach numbers selected for design were

1.0 and 2.0. A conical shock inlet and a sonic bypass were matched to
the typical engine requirements selected.

By using the weight flow and engine inlet area of this typical
engine, Ao,N is determined from the following equation: '

fo.N _ YN (8)

Then from equation (5), Aj may be computed in terms of R. Typical

regulation curves are shown in figure 1 for a typical turbojet engine,
a conical shock inlet, and a sonic bypass system. From these curves
the values of R' (ratio of capture area at flight Mach numbers and

capture area at a free-stream Mach number of 1) for the inlet, bypass,
and engine can be read up to a Mach number of 2.0. Figure 1 also pre-
sents the variation of the total-pressure recovery used to compute Ry.

Note that Ry represents the air-flow characteristics of a 250 half-
"angle conical inlet designed for a mass-flow ratio <¥i> of 1.0 at

o0

: Ay - A
M, = 2.0 and with —lK———S = 0.7Th; Ry represents the mass-flow char-
: 1

acteristics of a turbojet engine for the total-pressure recoveriles pre-
sented in figure 1; and Rp represents the conical-shock, normal -shock

loss with a theoretical 98-percent pressure recovery through the sonic.
bypass. ™

By using these expressions, the capture area and bypass area can be
determined. ' In figure 1 at M, = 2.0 (which is matched for M, = 1),
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R'g = 1.50
R'i = 1.55
R'y = 1.18

By using (wj/we); = 0.T4 as characteristic of the selected inlet where

(;) Ao A (Mo = 1.0) (9)
o/ Ai

and by substituting these values into equation (5), the following equa-
tion is obtailned:

Ay = 2.88(Ao,N); (10)

This results in a large inlet capture area. To obtain a physical
system with reduced inlet area requires a system that can vary the amount
of air bypassed at two selected Mach numbers. This can possibly be
achieved by the use of slots. At M < 1.0 the pressure difference

across the slots will be small, while at supersonic speeds the pressure
difference increases until the slots are choked. This increases the
bypass mass-flow ratio with increasing Mach number. By designing for
half of the necessary spillage through the slots at M = 2.0, Rp effec-

tively increases from 1.50 to 3.00. ‘(The actual area of the slots used
was determined for an assumed orifice coefficient of 0.50.) Substituting
this new value of Rp 1into equation (5) yields

Ay = 1.49(Ao,N); (11)

Thus, the inlet area required in this case is approximately one-half of
that required for the first case discussed.

MODELS AND APPARATUS

Flight Models

Sketches and photographs of the models are shown in figures 2 to 6.
Three models (designated as models A, B, and C) were designed with con-
ical shock inlets, cylindrical T-inch-diameter center sections with fine-
ness ratios of 3.5; 4° conical boattails with fineness ratios of 1.26; and
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four 60° delta fins of total aspect ratio 2.35 per plane. The length
of the afterbody was the same for the three models (fig. 2), but the
overall length of the models differed slightly since the three cowlings
varied slightly in length.

Inlet and Bypass Geometry

The inlet and bypass information for the three models is given in
table I and illustrated in figure 3. The three inlets had 250 half-
angle conical center bodies, 11° external lip angles, 4° internal lip
angles, and 42.5° cowling to lip angles.

Model A had a cpnventionél conical shock inlet, designed for Mach
number 2.0, incorporated no bypass, and had a subsonic diffuser ratio

<§9> of 0.790. The center body of model A was supported in the cowling
i
by three equally spaced struts.

Model B had a 360° annular bypass and was designed by using equa-
tion (10) and the method described in the section entitled "Inlet Design."
The subsonic diffuser ratio was 0.414. The center body of model B was
supported in the cowling by four equally spaced struts.

Model C was designed with a reduced inlet capture area. Therefore,
the amount of bypass mass-flow ratio necessary to match the turbojet-
engine requirements was reduced. This model was designed by using
equation (11) and has about one-third the proportional bypass area as
model B. The total bypass area was divided into two components, slots
and annular segments. (See fig. 3.) Model C had a subsonic diffuser
ratio of 0.726. .

Ground-Test Models

Models B and C were preflight tested in the Langley preflight jet
of the Pilotless Aircraft Research Station at Wallops Island, Va. (See
ref. 6.) For these tests, the model tail cone with fins was replaced
by a similar tail cone without fins and was mounted in a test stand as
shown in figure 4. The test tail cone had the same internal geometry
as the original tail cones and also had provision for installing exits
of different areas. The ground-test model and the five different exits
(2.917, 3.450, 3.688, 3.912, and 4.125 in. in diameter) tested are shown
in figure 5. Table II summarizes the LO ground tests made on models B
and C.
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INSTRUMENTATION

Ground Tests

Included in figure 5 is the test-cone instrumentation. Installed
ahead of the exit nozzle were 13 total-pressure tubes equally spaced in
180° of the cone cross section and 1 slotted integrating rake along one-
half of the cone cross-section center line, All of the total-pressure
orifices were in the same vertical plane, 8.37 inches ahead of the exit.
The total- and static-pressure tubes shown in figure 3 were installed
for the ground-test measurements and disconnected for the test flights.

' Model B had a manifold total-pressure rake at the bypass entrance

and a static-pressure orifice in the bypass duct. Model C also had this
instrumentation with an additional static- and total-pressure orifice at
the exit of the bypass.

All the model pressure readings were recorded with six-cell manometer-
type instruments. The free-stream conditions were recorded by electrical
pressure recorders of the strain-gage type. A 1l0-cycle-per-second timer
correlated all time histories on recording paper. Shadowgraphs, which
were photographed at an exposure of approximately 0.003 second, were
obtained by using a carbon-arc light source and a translucent glass
screen.

Flight Tests

The three flight models were propelled to supersonic speeds by
single Deacon booster rocket motors each equipped with four stabilizing
fins (fig. 6). The models were launched at an elevation angle of 60°
and followed & zero-lift trajectory at 0° angle of attack. The models
were flight tested at the Pilotless Aircraft Research Station at Wallops
Island, Va.

Velocity and Mach number of the test models were obtained by the
use of continuous wave Doppler radar. The trajectories of the models
were obtained by NACA modified SCR-584 tracking radar. Atmospheric
dsta and wind characteristics for each flight were obtained by means of
a balloon carrying a Rawinsonde sent aloft at the time of each flight.
Total-drag data were obtained during the decelerating portion of the
flight, after drag separation of the booster from the model. The total
drag was evaluated by using the expression

Cp = -%!Af-(a +gsiny) (12)
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where &a was obtained by differentiating the velocity-time curve from
Doppler radar. The values of q and 7 were obtained from measure-
. ments of tangential velocity and atmospheric conditions along each
trajectory.

Accuracy.

. The accuracy of the data 1s estimated to be within the following
limits: L

W v v e s e e e e e e e e e e . #0002
CD + = o & o o sie o et e e e e e e e e e e e e ... t0.01

e o
RESULTS AND DISCUSSION

Ground Test

In order to evaluate the individual inlet characteristics of the
air mass flow and total-pressure recovery, pressure measurements were
taken and the data were computed by the method outlined in the appendix.
The 40 ground tests. covered a range of Reynolds number from 3.98 x 106
to 8.41 x 106.and-a range of Mach number from 0.96 to 2.03 (based on
maximum body diameter).

Mass-flow ratio;— Presented in figure 7 are the mass-flow charac-

teristics for modeLé=B,and C as a function of mass-flow ratio <H§>

Ve

passing through thelmbdel for each free;stream Mach number tested.
Model B operated at a capture mass-flow ratio of 1.0 for M, = 2.03

and at a capture mass-flow ratio of 0.74 for M, = 1.17. Also the bypass
configuration for inlet B passes a relatively high proportion of’the

. Wi

total inlet mass-flow ratio (ﬁl)‘ The amount of bypass mass-flow'ratio

o

Wyt
/wB ) ranges from 50 percent to 60 percent of the total capture mass-flow
e o] )

ratio for the test Mach number range.
The bypass mass-flow ratio for model C (fig. 7) is the sum of the
mass-flow ratio passing through the bypass annular segment plus the mass

flow passing through the slots cut into the cowling of the bypass duct
and is defined as follows:
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Wp  Wg Wy
(»T; “wtw) (13)

The bypass mass-flow ratio for model C ranges only from 10 percent. to

19 percent of the total capture mass-flow ratio through the test Mach
number range. The curves in figure 7 indicate that the bypass duct

for both models is operating with a sonic minimum station in each bypass
duct. The amount of inlet bypass mass flow for a choked bypass duct is
dependent on the minimum area and duct total pressure. The relatively
little variation of bypass mass-flow ratio with increasing engine mass-
flow ratio indicates a choking condition in the bypass.

Figure 8 presents the variation of mass-flow-ratio components as a
function of free-stream Mach number for models B and C. The air mass-
flow ratio through the bypass and exits was calculated from the measured
pressures. The inlet or total air mass-flow ratios were assumed to be
the total of the exit and bypass air mass-flow ratios.

Presented in figure 8(a) is the inlet design curve for model B.
Since (Wi/wWeo)] = O.74 which is equal to - (A1 - Ac)/A; &t My = 1.0,
then . :

(Wifva)y = R's o(Ay - Ao)Asi. (1)

for all free-stream Mach numbers. The values of Ri,2 for each free-

stream Mach number were obtained from figure 1. Nofé that the inlet
air mass-flow ratio (Wp/w,), experimental results using exit V, closely

matches the inlet design curve. The measured exit air mass-flow ratio
(E]), using exit V, is higher than the design engine air mass-flow
ratios for equivelent total-pressure recoveries. Therefore, the bypass
for this exit was undersized. However, when exit III was installed in
the ground-test model the exit air mass-flow ratios (A) and the design
engine air mass-flow ratios, for equivalent total-pressure recoveries,
were in close agreement. However, the inlet air mass-flow ratio with
this exit was lower than the design inlet air mass-flow ratio. There-
fore, a slightly smaller inlet or a slightly larger bypass would have
permitted the flow through the bypass to be equivalent to the design
bypass air mass-flow ratio and spillage eliminated.

The required curve for the engine air mass-flow ratio for model B
was computed by using figure 1 where,

Ao N
Wip/Woo = We/We = Ry o —2= (15)
P) A;L 1
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The required bypass air mass-flow ratio for model B was then obtained
from equation (1) where

WB/Wey = Wi [Wey = WV = Wp/Wo, = W /W, (16)

since the model exit air mass flow (we) has the same significance as the’
engine inlet air mass flow (wy).

Figure 8(b) shows the required design curves as well as the test
results of the air mass-flow ratios through the inlet, bypass, and
exit of model C. The required design curves were computed by the same
method used for model B except equation (11) was used instead of equa.-
tion (10). The results for the design and experimental inlet air mass-
" flow ratio (exit V is used) are in good agreement. However with this
same exit installed, the exit air mass flow ([]) , 8t equivalent total-
pressure recoveries, did not meet the required engine air mass-flow
ratios; and the bypass was slightly undersized since the air mass-flow
ratio through the bypass (<>) was less than the design air mass-flow
ratio through the bypass. With exit III installed, the conditions were
about the same except that the inlet had a small amount of spillage.

- The mass flow of air passing through the slots of model C did not
increase with M, as can be seen in .figure 7 from the %ﬂ values.,
[o ]

The slots did not perform, as described in the section entitled "Inlet
Design," and this condition may be attributed to the incorrect assump-
tion of the orifice coefficient.

Note that model C bypassed less than 14 percent of the total air
mass-flow ratio while model B bypassed about 50 percent of the total
air mass-flow ratio. Figure 8 also indicates that both inlet configu-
rations (with proper size bypass) could provide & close approximation
to a typical turbojet-engine air mass-flow requirement curve (fig. 1)
over the entire speed range, as well as for the two Mach numbers for
which this inlet was designed.

Since model A was not ground tested, the theoretical variations of
air mass-flow ratio and exit total-pressure recovery with Mach number
for model A with supercritical flow was obtained by the method of refer-
ence 7 and is presented in figure 9. Reference T shows that for inlets
similar to model A, the method of calculation used closely approximates
the experimental results., By assuming an air mass-flow ratio of 1.0
and M, = 1.0, a total-pressure recovery of 0.755 was computed at
M, = 2.0. A comparison of the air mass-flow ratios for models B and C
with that computed for model A shows that the air mass-flow ratios were
of the same order of magnitude at corresponding Mach numbers.
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Pressure recovery.- Although models A, B, and C had similar total-
air mass-flow ratios (figs. 8 and 9) the bypass models (B and C) had less
total-pressure recovery at corresponding total air mass-flow ratios.
However, total-pressure recoveries, based on shock losses and exit welght
flow (not exit air mass-flow ratioj, would be approximately the same for
the three models. For example, at a free-stream Mach number of 2.03 and

at equivalent exit weight flows, Ptie as 0.68, 0.67, and 0.67 for
t,x

models A, B, and C, respectively. The variations of the pressure recov-

ery with exit air mass-flow ratios for the five exits tested with models

B and C are presented in figure 10. The exit-total-pressure recovery,

gﬁ;&, of the different models may be compared for identical engine mass
t,o

fléw (at each free-stream Mach number) by correcting w_ for the differ-

ence in Aj of the three models. Note that at a free-stream Mach num-

ber of 2.03 the maximum total-pressure recovery for model B wes approxi -

mately T72.5 percent, while the maximum total-pressure recovery for

model C was 75 percent.

Figure 10 shows that for models B and C the pressure recovery at
supersonic speeds decreases as the exit air mass-flow ratio and the free-
stream Mach number increases. The variation of pressure recovery as a
function of exit air mass-flow ratio for model C appears to be more
erratic than the variation of pressure recovery for model B.

Shown in figure 11 are shadowgraph pictures of models B and C with
exit V which is the exit used on the models flight tested. It appears
that model B operates critically at M, = 2.03 (design Mach number)

where the oblique shock from the cone is attached to the cowling lip.
The experimental results, however, indicate supercritical operation.

Flight Tests

Figure 12 presents the variation in free-stream Mach number for the
three models as a function of time. The three models were boosted to
about M, = 2.0 and coasted to about M, = 0.8 in 13 seconds after

firing. TFigure 13 presents the Reynolds number variation (based on
maximum body diameter) for the range of free-stream Mach numbers tested.

The internal drag for model A was calculated using the theoretical
pressure recovery and mass-flow ratios shown in figure 9; whereas, the
internal drags of models B and C were determined from the ground test
data of figures 8 and 10. The method used for evaluating the internal
drag is given in the appendix. The large contraction ratio, of about
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% to 1 from the maximum diemeter station to the exit, and the cylindrical
exit, of 1.05 diameters ahead of the exit, assured sonic rather than
supersonic exit velocities and helped to provide uniform total and static
pressures at the exit.

Figure 14 presents the total, internal, and external drag coeffi-
cients as & function of free-stream Mach number for the three inlets
investigated. The difference between the model total drag coefficients,
from the flight tests, and the internal drag coefficients was considered
the external dreg coefficients. The drag due to spillage about the
cowling leading edge (although models B and C indicated little if any
spillage (fig. 8)) and the drag due to the bypass mass flow remain
included in the external drag. ‘

The drag coefficient components for model A are presented in
figure 14(a) and are considered as the reference data for the present
series of inlets investigated. The internal drag coefficilent of inlet
models B and C are shown to be approximately the same at corresponding
free-stream Mach numbers (fig. 14). The internal drag coefficient of-
model A, which was computed from theory, is shown to be slightly lower
than the internal drag coefficients of models B and C throughout the
flight Mach number range. However, the megnitudes of the internal drag
coefficients are such that the relative levels of the external drag
coefficients of the three models would not change, even if the average
value of the internal drag coefficlents were used.

Figure 15 presents a comparison of the measured experimental exter-
nal drag coefficients. In order to present a more realistic comparison
of the inlets, the external drag of model A was adjusted to allow for
the necessary spillage to match the engine flow requirements. This
corrected curve is indicated in figure 15 and the increase in external
drag coefficient is due to the estimated spillage drag increments which
would occur when the turbojet-engine air-flow requirements are matched
at each flight Mach number. The spillage drag coefficlents were obtained
using the mass-flow curves of figures 8 and 9 and the data presented in
references 5 and 7. Comparison of the curves for the experimental exter-
nal drag coefficient and the corrected curve for the drag coefficient
indicates that inlet model B (annular bypass inlet) had the highest
external drag. This would be expected from the data of figure 8. The
main adventage for this method of bypass is that the inlet always oper-
ates supercritically and the possibility of instability due to subcriti-
cal operation is avoided. Also most of the bypassed air of models B
and C may be utilized in secondary applications (ref. 8) such as for
cooling and operating auxiliary equipment. The limitation of the scope
of the present investigation precluded variation of inlet geometry and
. it is believed that a more rigorous design could effectively decrease
the net external drag of a bypass inlet that still satisfies the engine

CONFIDENTIAL



NACA RM L57Kl)+ :o. :00 ...Cwmm:. 5 E. S E:o 5.: 15

‘mass-flow requirements through the flight Mach number range. Although
the maximum flight Mach number attained for this series of tests was
less than 2.0, it is believed that should the maximum Mach numbers
required go into the region above 3.0 the relative effectiveness of s
bypass inlet compared with similar nonbypass inlets would become more
pronounced. This is because the shock losses above & Mach number - of
3.0 became prohibitive and the amount of stable subcritical operation
of a high Mach number inlet is drastically reduced so that at Mach num-
bers about 3.0 the use of a bypass would greatly aid inlet and engine
matching.

CONCLUDING REMARKS

The results of the present investigation indicate that a fixed-
geometry inlet with a fixed bypass of a portion of the inlet air may be
used to match typical turbojet-engine air-flow requirements over a wide
range of flight speeds, but at a slight cost of external drag. Two
models, each with a different type of bypass, closely matched the
turbojet-engine air-flow requirements over the test flight Mach number
range from 0.8 to 1.95. However, the inlet with the 360° annular bypass,
had the highest external drag cofficient as compared with the conical
inlet without bypass, and the inlet with the slotted bypass had only
slightly higher external drag than the inlet without a bypass. The
conical inlet without the bypass (designed to match the engine require-
ments at a Mach number of 1.0) had slightly less external drag than the
slotted bypass model, even after the spilllage drag was accounted for.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Oct. 22, 1957.
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APPENDIX
PREFLIGHT-DATA .REDUCTION AND INTERNAL-DRAG DATA
The mass-flow ratios were calculated using one-dimensional flow

relationships as follows:

Mass-flow ratio entering inlet:

-8, @),

' Engine air mass-flow ratio:

1/2
(E.) _ oy (1 + 0.242) Ay (2)
W 1/2 .
N p (L + 0.m2) /2,
Mass-flow ratio.ehtering bypass:
~1/2
Y ppMp (1 + 0.2vp:2) /AB. (5
LR = 3
)
( /B (L + 0.24.2) 2,
Mass-flow ratio entering bypass annular sectors:
o 2\1/2
) L Rt 0-24%) Ty )
Voo /x

poMe (L + 0.24,2) 1/ °Ay

Mass-flow ratio out of slots:

(%), = &), - ) &)

Internal drag was then computed for engine air mass flow from
momentum loss as follows:

= 7P Mo (wlw)N Ay - 7PNy Ay - Ay (ow - 7o) (6)
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TABLE II.- TEST POSITIONS
X o
o _ 1
/l/ — gv ' de
h Sty
M
|
— el
(a) Model B | (b) Model C
d ’ X, d ’ X
Test iIel. in M, Test ii i.’:l M
.1 | 3.450) 1.0] 2.03 20 |[3.450]1.75| 2.0%
2 13.688 1.0 2.03 21 | 3.688|1.75{2.03
3 |3.912] 1.0} 2.03 22 [ k.12511.75| 2.03
L [4:12511.0] 2.03 .23 |3.450]| 1.25 | 1.62
5 [2.917] 1.5 1.62 2k |1 3.688]|1.251.62
76 ]13.450] 1.5 1.62 25 |4.125) 1,25 1.62
T 13:.688}1.5]1.62 26 |3.450] 2.0 [1.39
8 |3.912] 1.5|1.62 27 [ 3.688] 2.0 |1.39
9 |4.125[1.5]|1.62 28 |L4.125| 2.0 |[1.39
/ 10 | 2.917f 2.5| 1.39 29 [3.450]|2.75|1.17
11 |3.450| 2.5| 1.39 30 | 3.688|2.75|1.17
12 {3.688f2.5]1.39 31 | 4.125)2.75 ]| 1.17
13 | 3.912| 2.5 1.39 32 | 3.450}2.75|1.06|
1 | 4.125) 2.5 1.39 33 [3.450]2.75| .92
15 | 2.917| 3.5 1.17 34 | 3.450 ] 2.75| .81
16 | 3.450) 3.5 1.17 35 |3.688|2.75(1.04
17 | 3.688] 3.5 1.17 36 |3.68812.75( .99
18 | 3.912] 3.5|1.17 37 [ 3.688]12.75] .90
19 [L4.125] 3.5]1.17 38 [ L4.125]2.75|1.08
39 [h.125)2.75| .96
Lo {L.125] 2.75 89
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Figure 1l.- Typical regulation curves; matched at M, = 1.0.
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(a) Sketches.

Figure 2.- Sketches and photographs of the models showing the three
~ configurations. All dimensions are in inches.
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(v) Photographs of models. L-96554

Figure 2.- Concluded.
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(a) Sketches.

Figure 3.- Details of cowling shapes. All dimensions are in inches.
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(b) Photographs of cowlings.

Figure 3.- Concluded.
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Model B L-88351

Model C

1L-96093
Figure k.- Photographs of models mounted on test stand in preflight jet.
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Figure 1lk4.- Variation of total drag, external drag, and internal drag
with free-stream Mach number for the three flight models.
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Figure 14.- Continued.
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Figure 14.- Concluded.
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