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SUMMARY

The study reported in NACA RM A52C1l4 considered the problems of
inlet design and performance for Mach numbers up to 1l.5. Extension of
that study to Mach numbers of 2.0 is presented in the present report.

A two-dimensional inviscid analysis is used to compare the performance
of several types of inlets when used in conjunction with a turbojet
engine having constant-volume air flow. The performance was evaluated
on the basis of a summation of drag factors which included additive
drag, air-bypass drag, and thrust loss resulting from a loss of total
pressure. Of these factors the latter is the most significant, espe-
cially at the higher Mach numbers. Additive drag may become large for
some off-design operating conditions. The necessity for using an air-
bypass system with most inlet designs is indicated. For inlets having
the same assumed pressure recovery, substantial improvements in inlet-
engine matching over an operating range of Mach numbers from 0.85 to 2.0
occurred with those inlets having variable geometry. The variations of
entrance area and diffuser contraction required for ideal inlet-engine
matching throughout the range of Mach numbers are indicated.

INTRODUCTION

An analytical study of various types of inlets for an air-induction
system for a turbojet-powered airplane intended to operate at Mach num-
bers from 0.85 to 1.5 at an altitude of 35,332 feet (the lower limit of
the stratosphere) was presented in reference 1. Air-induction systems
having divergent diffusers, with fixed and variable inlet areas, and
with and without external ramps were investigated. The four inlet types
considered were compared on the basis of a drag evaluation which accounted
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for the thrust loss accompanying a total-pressure loss, for additive
drag, and for the drag resulting from bypassing excess air. It was
shown that the thrust loss associated with a loss of total pressure is
the most important of these factors. It was concluded that variation
of inlet area should not be necessary for Mach numbers up to 1.5, pro-
vided the system with fixed inlet area is equipped with an internal
alr-bypass systemn.

The purpose of the study considered herein is to predict the oper-
ational characteristics of inlets similar to those discussed in refer-
ence 1 but intended for operation at Mach numbers from 0.85 to 2.0 and
at altitudes from sea level to the stratosphere. The inlets with
external ramps were modified from those studied in reference 1 to suit
the design requirements at a Mach number of 2.0. Two additional inlet
configurations are included in this report. One is a fixed-geometry
type of inlet with an external ramp and a convergent-divergent diffuser.
The other is a variable-geometry type with a variable convergent-
divergent diffuser and with a variable inlet area.

The method of analysis relates the engine and inlet air-flow char-
acteristics to free-stream conditions and is valid for either two-~ or
three-dimensional flow. Although only two-dimensional-inlet flow con-
ditions were considered in the analysis, and although the results are
limited to two-dimensional inlets, the study delineates important factors
which must be considered in the design of inlets intended to operate at
Mach numbers up to 2.0. The limiting Mach number of 2.0 was selected
for this investigation primarily because at this Mach number high ram-
compression ratios and temperature ratios occur which may be detrimental
to the operation of turbojet engines of current designs (ref. 2).

NOTATION

The following notation is used in this report:

a speed of sound, ft/sec

A area, sq ft

A, cross~sectional area of the free-stream tube of air admitted
by the inlet, sq ft

AOR cross-sectional area of the free-stream tube of air required
by the engine, sq ft

Ay reference area for drag factors (assumed to be 1 sq ft)

PP
Qp static~pressure coefficient, 9

9
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Fn net thrust of a turbojet engine, 1b

n net thrust of a turbojet engine for Eﬁ = 1.0, 1b
100 Hy
g acceleration due to gravity, ft/sec2
H total pressure, 1b/sq ft
‘s 1
KDa additive-drag factor, K; ngqps dAx
KDH thrust-loss factor resulting from the total-pressure loss
Hy FnjooFn
—_— =
E:O qo AI'
Kp drag factor corresponding to the thrust loss accompanying an
W air-bypass process, —2 (VO-an)
Ardg
ZKy summation of drag factors, KbH + KDW'+ KDa
m mass-flow rate of air, slugs/sec
M Mach number
N percent of rated engine rotational speed
P static pressure, lb/sq ft
q dynamic pressure, 1b/sq ft
t static temperature, °R
T total temperature, °R
v velocity, ft/sec
Vj theoretical jet-exit velocity of bypassed air, ft/sec
Wg weight rate of air flow, 1b/sec
1
Wge corrected weight rate of air flow, wy “%T’ 1b/sec
o) ramp angle, deg
ot pressure correction for the weight rate of air flow, %El
: sl
6 the wave angle of an oblique shock wave, deg
T
o temperature correction for the weight rate of air flow, S

Tg1
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P mass density of air, slugs/cu ft

n nozzle exit velocity coefficient, the ratio of the actual exit
velocity to the theoretical exit velocity of the bypassed
air (assumed to be 0.97)

Subscripts

e entrance of the inlet, considered to be at the leading edge of
the 1lip and perpendiculgr to the direction of the entering
flow

m minimum area of a convergent-divergent diffuser

o free stream

s stream tube bounding the alr entering the inlet

sl standard ambient conditions at sea level

X projection in the direction of the free-stream flow of the

stream tube bounding the alr entering the inlet

1, 2 stations immediately behind a shock wave (fig. 1)
] entrance to the compressor of the engine, station 3
1 1lip

DESCRIPTION OF THE INLETS

The nomenclature used in the analysis is shown in figure 1 for an
alr-induction system having a scoop-type inlet with an external ramp.
That portion of the air-induction system near the entrance is considered
to be the inlet, and station 3 corresponds with the exit of the diffuser
(the entrance to the compressor of the engine). A sketch and basic
description of each of the inlets is shown in figure 2. Three types
with fixed inlet area are shown. Of these, inlet A corresponds in type,
but not in geometric detail, to inlet A of reference 1 and inlet C is
the same as inlet C of reference 1. Inlet E represents a third type
with a fixed inlet area. It has a fixed external ramp, different from
the ramp of inlet A, and it has a convergent-divergent diffuser. Inlets
B and D have a variable geometry and correspond in. type but not in
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geometric detail with inlets B and D, respectively, of reference 1.
Inlet F is a variable-geometry type which combines the convergent-
divergent-diffuser feature of inlet E, and the variable-inlet-area
feature of inlet D.

ASSUMPTIONS

When the air flow between the free stream and the exit of the dif-
fuser was considered, it was assumed that the continuity relationship
applies to the flow and that the total temperature is constant. With
these two assumptions the flow could be elther two or three dimensional.
Because the shock-wave patterns for inlets in three-dimensional flow
are more complex than those in two-dimensional flow, the performance
analysis of the inlets is based on two-dimensional-flow theory and uti-
lizes the charts and tables of reference 3 in conjunction with the
shock~-wave patterns shown for each inlet shown in figure 3. Abrupt
transition from one shock-wave pattern to another was assumed. For the
inlets with external ramps to produce obligue shock waves, a normal
shock wave was assumed to occur at the leading edge of the ramp for Mach
numbers below that for which an oblique shock wave would detach from the
ramp. Sharp lips were assumed for the inlets so that there would be no
detached shock waves caused by the lips. For inlets with divergent dif-
fusers it was assumed that supersonic flow could enter the inlet and
that a normal shock wave would occur Jjust inside the entrance at a Mach
number equal to that at the entrance. The surfaces immediately ahead
of the inlets or ramps were assumed to be alined with the free~stream
flow; the effects of the boundary layer and of the forebody were not
considered. Variations of pressure drag of the external surfaces of the
inlets with changing flow conditions also were not considered.

Figure 4 shows the variation of total-pressure ratio Hg/Hg Wwlth
free-stream Mach number assumed for the air-induction system with each
of the inlets. The potential pressure recovery of each system is limited
by the shock-wave configurations at the inlet. Included in figure 4 for
comparative purposes are the theoretical total-pressure ratios which
would result from isentropic compression from the supersonic free stream
and the best theoretical total-pressure ratio which could result from a
compression of the flow by means of one oblique and one normal shock
wave (best two-shock recovery). For Mach numbers between 0.85 and 1.5
the variation of total-pressure ratio with Mach number for inlets A, B,
C, and D was the same as that glven in reference 1 for the corresponding
type of inlet. As in reference 1, for Mach numbers above 1.31 the total-
pressure ratio for inlets C and D was assumed to be 95 percent of the
total-pressure ratio across a normal shock wave occurring at the free-
stream Mach number; the pressure recovery assumed for inlets A, B, E,
and ¥ was based on results from an accumulation of published data for
various types of inlets.
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The assumed characteristics of the turbojet engine used for the
analysis were the same as those of reference 1 but were extended to a
flight Mach number of 2.0. Figure 5(a) shows the corrected weight of
air flow as a function of corrected rotational speed for the engine.
Since the engine was assumed to be operating at rated rpm (N =100 percent),
the corrected air flow is also shown as a function of the temperature
correction factor. The assumed net thrust of the engine is shown in
figure 5(b) for operation at rated speed, with afterburning, for an
altitude of 35,332 feet, and for various total-pressure ratios.

OPERATIONAL CHARACTERISTICS OF THE ENGINE AND THE INLETS

In the following paragraphs the assumed flow conditions for the
engine and the inlets are discussed in detail, and further consideration
is given to the geometric characteristics of each inlet. As indicated
in references Ut and 5, the air-flow requirements of the engine in terms
of free-stream-tube area provide an indication of the entrance-area
requirements for the inlet. 1In this report the air-flow requirements of
the engine and the sir-flow delivery of the inlets are expressed as the
free~stream~tube areas AQR and A,, respectively, and equations are pre- -

sented for cslculating each of these areas. Equations are given, also,
for the calculation of the drag factors used to evaluate the relative
performances of the inlets (i.e., additive drag, air-bypass drag, and
thrust loss resulting from a loss of pressure recovery).

Air Requirements of the Engine

The corrected weight of air flow required by the engine and the
free~stream-tube arca A can be related using the definition of cor-

rected weight of air flow

Vor WaN/sz/tO)(to/Tsl)

e BT T (Ho 8 (Bo/po) (Po/Par)

Wac =

where Wy '= gPg AQRVb (AQR = Ay for perfect matching)

Hence,
vac (Ha/Ho) (6)°

AOR ) g P51 asl(to/Tsl)s My (1)

bt

The temperature correction factor 6' as a function of Mach number
and altitude is shown in figure 6. The variations of Aog with Mach

number for altitudes from sea level to 35,332 feet (see fig. T) were e



&

NACA RM A53HO3 7

calculated from equation (1) utilizing the corrected weight rate of air
flow for the assumed engine from figure 5(a) and the assumed total-

pressure recoveries from figure 4. Because of the isothermal nature of
the stratosphere, AQR for any altitude in the stratosphere will be the

same as AQR calculated for an altitude of 35,332 feet. For Mach pum~

bers gbove gpproximately 1.3 the divergence of the curves for the various
Pressure recoveries indicates the large effect that pressure recovery has
on AOR (fig. 7). Obviously, the large variation of AQR required by

the engine for operation over a wide range of Mach number and altitude -
even for poor pressure recovery - presents a considerable problem to the
designer of inlets.

In Appendix A equations are developed, with general design assump-
tions, for the air-flow characteristics of a turbojet engine. If an
essentially constant-volume type of operation is assumed, and if the
mass flow is proportional to the stagnation density at the compressor,
then equation (A5) indicates that A has a specific variation with

Mach number for a constant altitude.

Comparison of the variation of A with Mach number for isentropic
pressure recovery for the assumed engine (fig. 7) with that given by
equation (A5) of Appendix A indicates that the variations are essentially
the same. It is apparent from the development of the equations that the
general design problems and operational characteristics of the inlets
discussed in this report apply to a general type of turbojet engine;
that is, to that of essentially constant-volume operation (engine speed
equal to rated rpm). For other types of engine operation, such as with
variable rpm, with water injection, etec., the air-flow requirements of
the engine would differ from those of this study, and, consequently, the
design problems and operational characteristics of the inlets would be
modified. It 1is beyond the scope of this report to consider other types
of engine operation.

Flow Conditions, Designs, and Air Delivery for the Inlets

General flow considerations.- The continuity equation used in con-
junction with the definition of mass-flow ratio relates the flow condi-
tions in the inlet to the flow conditions in the free stream. This
relationship is

Ay me  He (140.2M,%)° Mg ()
Ae my Hy (140.2M.2)% M,

for a ratio of specific heats for air of 1.4. Equation (2) can be applied
to either two- or three-dimensional steady flow when appropriate values
are used for the terms. When AO/Ae has been found by use of this
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equation (which is independent of altitude) then the area in the free
stream through which the air flows prior to entry into the inlet, Ay,
can be calculated provided A, 1is known. When shock waves exist in

the flow and if the diffuser is convergent-divergent instead of diver~
gent, the form of equation (2) may be modified to aspply to the appro-
priate conditions. Figure 8 shows the modified forms of the equation
which apply to the particular two-dimensional-flow conditions and shock-
wave configurations assumed in the analysis. (See fig. 3 for the shock=-
wave configurations for each inlet.)

Inlet A.- Inlet A is a fixed-geometry type having an external ramp
followed by a divergent diffuser. The entrance area A, is 1.48 square
feet in order to admit the amount of alr required by the engine for the
low~-speed design condition at a mass-flow ratio of 1.0 (Mo = 0.853
alt. = 35,332 ft5 Aoy = 1.48 (fig. 7)). The ramp angle was selected to
provide the highest pressure recovery for the largest range of flight
Mach numbers. At a given Mach number there is a range of ramp angles
for which the pressure recovery varies only slightly from its optimum
two-shock value. Therefore, there is some freedom in the selection of
the value for the ramp angle for an inlet. In figure 9 two ranges of
values for the ramp angle are indicated. For ramp angles within one
range the pressure recovery across an oblique and a normal shock wave
ocecurring at a given Mach number would be between the best two-shock
value and 0.995 times the best two-shock value. In the other range the
pressure recovery would be between the best two-shock value and 0.990
times the best two-shock value for a given Mach number. A ramp angle of
12° was selected for inlet A since the pressure recovery for an oblique
and normal-shock-wave combination (see fig. 3 for inlet A for Mg>1.5)
is equal to, or greater than, 99 percent of the best two-shock pressure
recovery for a wide range of Mach numbers (fig. 9). The conditions that
the diffuser is divergent, that the entrance area has a specific value,
and that the shock wave from the external ramp at a Mach number of 2.0
must intersect the leading edge of the 1lip (for additive drag to be zero)
determine the position of the sharp lip with respect to the ramp.

When an obligue shock wave is attached to the ramp, the wave angle
6 1is dependent on the free-stream Mach number M, and the ramp angle
® (the relationship can be obtained from the charts and tasbles of ref. 3).
The mass~flow ratio Ao/Al is a function of the wave angle & and ramp
angle . Because of the interdependence of the Mach number, wave angle,
ramp angle, and mass-flow ratio, if any two are known, or assumed, the
others can be calculated or ascertained from charts or figures based on
the interrelationship. In this analysis it was found that a graph of 8
versus ® for constant M, and Ag/A; was convenient.

With the shock wave attached to the ramp of inlet A (for 1.5% MO§ 2.0),
it was assumed that the stream tube entering the inlet would be parallel
to the ramp, and that a normal shock wave would occur within, or at, the
entrance of the inlet (station e). For these conditions equation (2d),
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figure 8, can be simplified to show that AO/Ae equals AO/Al which can
be determined for a glven free-stream Mach number. With the shock wave
detached from the ramp (for M, € 1.5, see fig. 3), the stream tube
entering the inlet was also assumed to be parallel to the ramp so that
the flow would enter the inlet at an average Mach number equal to the
average Mach number existing after the detached (normal) shock wave.
Equation (2b), figure 8, simplified for the divergent diffuser of

inlet A, applies to the flow.

Figure 10(a) shows the variation with free-stream Mach number of
the free-stream-tube area A, for the operating mass-flow ratios
(me/mg = Ao/Ae) calculated for inlet A.

Inlet B.~ The ramp angle of the external ramp of this type of inlet
with variable geometry can be varied by rotating the ramp gbout a hinge
at the leading edge of the ramp. For optimum two-shock pressure recovery
the ramp angle must be varied with free-stream Mach number as shown in
figure 9 for inlet B. The lip of the inlet is located so that the oblique
shock wave from the ramp intersects the leading edge of the lip at a
Mach number of 2.0. The entrance area 1s such that the free-stream area
of the stream tube A, entering the inlet is the same as the area
required by the engine (AO = AQR)' At lower Mach numbers excess air is
admitted, because of the increase in the entrance area as the ramp angle
is decreased, and it must be bypassed. Figure 3 shows that an obligue
shock wave is attached to the ramp and that a normal shock wave is at
the entrance for free-stream Mach numbers between 1.0 and 2.0. From
figure 8 it can be seen that equation (2d4), modified for a divergent
diffuser, applies to the flow. Figure 10(b) shows the variation with
free-~stream Mach number of the mass-flow ratio and the free-stream~tube
area, A, for the operation of inlet B.

Several variations of the geometry of inlet B were investigated in
an attempt to improve its performance. Instead of hinging the ramp, as
indicated in figure 2, the ramp could slide with the ramp angle varying
or remaining constant; also, the ramp could be hinged at the entrance
to the inlet. Then, with a change of ramp angle different free-stream-
tube areas of air would be admitted into the inlet. With either of
these geometries no arrangement was devised that would always provide
ramp angles in the range for good pressure recovery and, also, the pro-
per amount of air. In the case with the ramp hinged at the entrance,
the length of the ramp also must be variable for the oblique shock wave
from the ramp to intersect the leading edge of the lip for all Mach num-~
bers. With any of these variations for inlet B, best two-shock recovery
is the optimum that can be expected, and operation without additive drag
and excess air is difficult or impossible.

Inlet C.~ For this inlet there is no external ramp, the diffuser
is divergent, and the fixed area gt the entrance is 1.48 square feet,
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the same as that for inlet A. With a normal shock wave at, or within, .
the entrance the mass-flow ratio would always be 1.0, and the pressure
recovery could be no greater than normal shock recovery. The total-
pressure ratio Hs/Ho assumed for this inlet is shown in figure L.
With the normal shock wave standing shead of the entrance, which would
occur for a wide range of Mach numbers if there were no air-bypass
system, the mass-flow ratio would be less than 1.0 and air would spill
around the entrance. The two types of operating conditions for inlet C
are shown in figure 3. Equation (2b), figure 8, modified for a ramp
angle equal to 0°, applies to the flow conditions for this inlet when
the shock wave stands ahead of the entrance. The free-stream-tube area
required by the engine for the pressure recovery of inlet C is

shown in figure 7.

Figure 10(c) shows the variation of free-stream-tube area A, with
free-stream Mach number for the operation of inlet C with the normal
shock wave at the entrance (A,/A. = 1.0). Also shown in this figure are
the mass-flow ratios required for operation of the inlet to deliver the
proper amount of air with no air-bypass system.

Inlet D.~ This inlet is similar to inlet C in that no external ramp

is employed, but it differs in that the lip is hinged so that the inlet o
area can be varied. (See fig. 2.) As for inlets A and C, an entrance
area of 1.48 square feet is required for operation at a Mach number of
0.85. The free-stream-tube area required for this inlet is the same as
that for inlet C throughout the range of free-stream Mach numbers because
the same variation of pressure recovery with Mach number was assumed.

The value of A does not exceed 1.48 square feet, the value of the

entrance area for M, = 0.85 and a condition for which the diffuser is
divergent (see fig. T7), and thus the diffuser always would be divergent
for the range of Mach numbers considered. With the mass-flow ratio equal
to 1.0 (AO/Ae = 1.0), Ag equals A s0 there would be no spillage at the
entrance and the normal shock wave would always be at, or within, the
entrance of the inlet (see fig. 3). Figure 10(d) shows the variation of
free-stream-tube area A, with free-stream Mach number for operation of
inlet D at a mass~-flow ratio of 1.0.

Inlet E.- The factors influencing the design of a fixed-geometry
inlet with a convergent-divergent diffuser are many, and they vary with
the particular operational characteristics desired (i.e., contraction
ratio, ramp angle, diffuser length, etc., must all be considered). The
maximum contraction ratio, AO/Am, which permits the start of supersonic
flow in the diffuser can be calculated by equation (2b), figure 8
(for Mp = 1.0 and & = 0°). The contraction ratio required to compress
isentropically a supersonic stream to a Mach number of 1.0 can be cal-
culated by equation (2a), figure 8 (for Mp = 1.0 and & = 0°). Figure 11 ~
shows the variation of these contraction ratios with free-stream Mach
number. Naturally, for any free-stream Mach number greater than 1.0,
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the most favorable contraction ratio is the value for isentropic com-
pression of the flow. However, because the value of the maximum
contraction ratio which permits the start of supersonic flow is smaller,
a compromise 1s necessary in choosing a value for the contraction ratio
for an Inlet designed to operate over a wide range of Mach numbers.

For inlet E the required area of the minimum section A, was cal-~
culated by equation (2a), figure 8, with the assumption that M, = 1.0,
My = 0.85, and Ay = A for flight in the stratosphere at M, = 0.85.

Its value was found to be 1.45 square feet. An external ramp is employed
so that with an oblique shock wave attached to the ramp at supersonic
gpeeds the Mach number of the flow entering the inlet is less than the
Mach number of the free stream. A value of 8° was selected for the ramp
angle on the basis of two considerations. First, the combined total-
pressure loss across the oblique shock wave from an 8° ramp, across the
oblique shock wave from the inmer surface of the lip, and across the
normal shock wave near the minimum-area section was not considered
excessive for free~stream Mach nurmbers up to 2.0. The second reason

was involved with the interrelationship of the design of the 1ip, the
Maeh number behind the oblique shock wave from the ramp, and the con-
traction ratio to use for the inlet. For this inlet the contraction

was provided by the inner surface of the lip and the ramp. The plane

of the inner surface of the 1ip was located so that it made an angle of
4O with the entering flow. (See fig. 2.) The area at the entrance of
the inlet, and, therewith, the location of the leading edge of the 1lip,
were selected so that at a free-stream Mach number of 2.0 the shock wave
from the external ramp would intersect the leading edge of the lip. This
procedure resulted in a contraction ratio A./A; of 1.095. For this
contraction ratio supersonic flow cannot enter the inlet until the free-
stream Mach number reaches about 1.79. Then the Mach number behind the
oblique shock wave from the external ramp has a value for which a con-
traction ratio of 1.095 will permit the start of supersonic flow into
the inlet.

Figure 3 shows the shock-wave configurations assumed for inlet E
throughout the range of free-stream Mach numbers. For Mach numbers
above 0.85 it was assumed that the inlet would be choked. When a shock
wave was detached from the external ramp, the flow ahead of the inlet
was considered in a manner similar to that for inlet A. When a shock
wave was detached from the 1lip, the total-pressure ratio H2/Hl was
assumed to be equal to the total-pressure ratio across a normal shock
wave occurring at the Mach number M;. Equations (2a), (2b), (2¢), and
(2d), figure 8, apply, respectively, to the flow for the following ranges
of free-stream Mach number: 0.85 to about 1.0, 1.0 to 1.34%, 1.35 to 1.78,
and 1.79 to 2.0. Figure 10(e) shows the variations of free-stream-tube
area A, and mass-flow ratio with free-stream Mach number for inlet E.

Inlet F.- This inlet was designed to obtain high pressure recovery
throughout the range of Mach numbers. It combines the favorable
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geometric characteristics of inlets E and D, namely, the convergent-
divergent diffuser (variable for inlet F) and the variable inlet area.
The lip is designed so that it can be rotated about a hinge, as in the
case of inlet D, in order for A, (or A.) to equal Aop throughout
the ranges of Mach number and altitude. It is assumed that the floor
of the inlet is flexible so that the contraction ratio Ae/Am can be
varied to permit supersonic flow to enter the inlet and to insure high
Pressure recovery.

Some idea of how the geometry of this type of inlet must vary can
be obtained from consideration of the curve showing the variation of
with free-stream Mach number and the curve showing the variation

of Ao/Am with free-stream Mach number for a Mach number of 1.0 at the
minimum section. (See figs. 7 and 11, respectively, and consider an
altitude of 35,332 ft.) From figure 7 it is apparent that AQR is near
a minimum for an M, of gbout 1.2 and that for good pressure Tecovery
increases as the free~stream Mach number is increased above, or
decreased below, about 1.2. From figure 11 it can be seen that AO/Am
is a minimum of 1.0 for Mgy = 1.0 and that this contraction ratio
increases as the free-stream Mach number increases above, or decreases
below, 1.0. Thus, the position of the lip with respect to its hinge
must vary so that A equals AOR, and the contraction ratio Ae/Am

must be varied, first, in such a manner as to keep the normal shock wave
inside the inletj then, it can be increased to approach the value of
Ao/Am corresponding to that across the combined shock waves.

Figure 10(f) shows the variation of free-stream-tube area A, with
free-stream Mach number for the operation of inlet F for flight in the
stratosphere. The area of the free-stream tube A, would vary for
operation at other altitudes in the same manner as A, (fig. 7), and
the mass-flow ratio would always be 1.0 (fig. 10(f)). ~Further discus-
sion of the design and operation of inlet F is presented in Appendix B.

Calculation of the Drag Factors

The loss of thrust resulting from a total-pressure-recovery ratio
Hs/Ho of less than 1.0 was expressed, as in reference 1, in terms of
the thrust-loss factor KbH. The variations of this thrust-loss factor

with free-stream Mach number for the inlets being considered are shown
in figure 12, These results were calculated by use of the pressure
recoveries shown in figure 4 and the engine performance shown in
figure 5(b).

For joint operation of the engine and inlet, the difference between
Ap and AOR indicates that the proper amount of air would not be
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delivered to the engine. Thus, for the inlets being considered, the
excess air delivered to the engine is indicated by the difference between
the area of the free-stream tube entering the inlet (A,, from fig. 10)
and the area of the free-stream tube required by the engine ( 3 from

fig. 7). The percentage of excess air based on the air delivery of the
inlet is shown in figure 13 for each of the inlets. This excess air
must be bypassed if the inlet and engine are to operate together at the
assumed flow conditions. The drag factor KDW was calculated, as

indicated in reference 1, for each of the inlets in order to estimate
the drag penalty involved with the air-bypass process. The drag factors

resulting from bypassing the excess air are shown in figure 14 for each
inlet for operation at 35,332 feet.

Methods for calculating the additive drag for inlets are given in
references 6 and 7. As applied in this analysis, the solution of the
drag equations is straightforward when there is no detached shock wave
in the flow. When a detached shock wave exists, it may be detached from
the 1lip or from the ramp, and the evaluation of the drag equations
depends on the form and the location of the detached shock wave. With
a shock wave detached from the 1lip the approximate method of reference 8
can be used for calculating the form and location of the detached shock
wave, In order to calculate the additive drag with a shock wave detached
from an external ramp (as for inlets A, B, and E), the form of the wave
was assumed to be the same as that of a normal shock wave. The additive-
drag factors are shown in figure 14 for the operation assumed for each
inlet.

The summation of the drag faétbrs accounting for the thrust loss
associated with a loss of pressure recovery, the air-bypass drag, and
the additive drag is defined by the equation

ZKD = KDH + KDW + KDa

The variation of the summation of drag factors is shown in figure 15
for each of the inlets.

DISCUSSION AND COMPARISON OF THE INLETS

Air Delivery and Air Requirements

An evaluation of the relative performasnce of the inlets was made
from the results of the preceding calculations. Combined in figure 16
are curves showing the variations with free-stream Mach number of A
for each of the inlets (taken from fig. 10) and of for the engine

(taken from fig. 7, for an altitude of 35,332 £t). It is evident from
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figure 16 that only inlets D and F provide the proper amount of air to
the engine throughout the speed range considered. Inlet B provides the
proper amount of air omly at the design Mach number (Mb = 2.0); for all
lower speeds the difference between A, and indicates that excess
air is delivered by the inlet. 1Inlets A, C, and E deliver excess air
throughout the speed range. (See fig. 13 for the percent of excess air
delivered by each inlet.) Inlets A, B, C, and E,therefore, require an
internal air-bypass system in order to operate at their calculated mass-
flow ratios for the assumed flow conditions. Without air-bypass systems,
excess air must be spilled around these inlets, and lower pressure
recoveries and different flow conditions would have to be considered for
a portion of the speed range. The operation of inlet C without an air-
bypass system is considered in a following section. ’

Drag Factors

The air-bypass-drag factors accounting for the process of bypassing
excess air are shown in figure 14 for each of the inlets. The curves
indicate that the drag penalty of the air-bypass process is small for
each of the inlets throughout the range of Mach numbers.

The penalty of additive drag is indicated by the additive-drag
factor shown for each inlet in Ffigure 1k. Additive drag exists for
inlets A, B, and E whenever the shock wave from the external ramp does
not intersect the leading edge of the lip, and for inlet C when operat-
ing with air spillage around the inlet. The additional effect of reduced
pressure recovery when operating with spillage was not considered. The
additive-drag factor 1s maximum for inlet A at a free-stream Mach number
of about 1.49 when the shock wave is detached from the external ramp.
For inlet B the maximm additive-drag factor occurs at a free-stream
Mach number of sbout 1.35 and the shock wave is also detached from the
ramp. For most of the range of Mach numbers, the additive-drag factor
for inlet B is smaller than for inlet A, or inlet E, because the ramp
angle of inlet B 1g variable and the shock wave always ls attached to
the ramp. Two types of operation were considered for inlet C (see fig. 3)
in order to compare the drag resulting from splllage of excess air. In
the first case the normal shock wave is at or within the entrance of the
inlet so that excess air must be bypassed, and in the other the normal
shock wave is ahead of the entrance and air must be spilled around the
inlet when no bypass is employed. It 1s evident from the drag factors
shown in Pigure 14 that the drag penalty for the conditions assumed is
less if excess air is bypassed rather than spilled. Experimental veri-
fication of the drag reductions possible with bypassing rather than
spilling excess air is to be found in reference 9.

The effect of pressure recovery on inlet performance is indicated
by the drag factor KbH (fig. 12). For Mach numbers less than about 1.3

i
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this drag factor is the same for each of the inlets because they have
the same pressure recovery. For Mach numbers above 1.3 the curve for
inlets C and D and the curve for inlets A, B, E, and F diverge, as
would be expected from consideration of the pressure recoveries for the
inlets (fig. k).

The general effect of changes of altitude on the drag factors can
be ascertained from consideration of the equation for each drag factor.
It is evident from the equation for Ky, (see Notation) that at a given
free-stream Mach number the gierypass?grag factor depends on the amount
of excess air to be bypassed. The variation of A with Mach number
is the same for all altitudes within the stratosphere but changes with
lower altitudes, as shown in figure 7. The variation of Ay with Mach
number 1s the same throughout the altitude range for inlets A, B, C, and
B. At a given Mach number decreases as the altitude decreases
below the stratosphere. Therefore, the percent of excess alr and the
air-bypass-drag factor both increase with decreasing altitude. The
equation for Kp,, (see Notation) indicates that at a given Mach number,
the additive drag would remaln constant with changes of altitude for the
orerating conditions of each inlet, provided air bypass 1is used. The
variation of the thrust-loss factor with altitude is not readily apparent
from the equation for KDH (see Notation). However, for a given free-
stream Mach number, if it is assumed that the ratio of Fp at one
altitude to Fnloo at another altitude i1s proportional to the ratio of
the air densities at the two altitudes, and since q, also would be
proportional to the density, then the thrust-loss factor would change
very little with changes of altitude.

Evaluation of Inlet Performsance

The relative performance of the inlets was evaluated in this study
by a summation of the drag factors. The variation of this summation with
Mach number is shown in figure 15 for each of the inlets. At a given
Mach number the inlet having the smallest drag summation is considered
to have the best performance. It is evident from figure 15 that for the
conditions considered, inlet F has the smallest drag summation throughout
the range of Mach numbers and that the summation for inlet B is only
slightly higher. Above a Mach number of about 1.5 inlets C and D are
considerably worse than the other inlets; below a Mach number of 1.5
inlets A and E are considerably worse than the others. The interrela-
tionship of the drag summations for the various inlets of reference 1
for the range of Mach numbers from 0.85 to 1.5 is similar to that shown
in figure 15 for Mach numbers up to about 1.5.

Since the pressure recoveries for inlets A, B, E, and F are assumed
to be the same, the difference between the drag summations for inlets A,
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B, or E and that for inlet F at a given Mach number is the sum of the
additive and air-bypass drag factors for the respective inlet. For
inlet A the maximum difference (almost 60 percent) occurs at a Mach num-
ber of about 1.49 just before the detached shock wave attaches to the
ramp. Likewise, at a Mach number of about 1.35 the maximum difference
(53 percent) for inlet E occurs just before the detached shock wave
attaches to the ramp. From figures 14(a) and 14(d) it can be realized
that most of this difference between the drag summation for inlets A
and E and that for inlet F results from the large increment of additive
drag associated with the detached shock wave occurring with inlets A
and E. Because the ramp of inlet B is varied so that no detached wave
exists ahead of the inlet, the additive drag is small -and the curve for
the drag summation for inlet B has no peaks, such as occur in the curves
for inlets A and E. Also for operation at 35,332-feet altitude the drag
summation for inlet B is within 10 percent of that for inlet F which has
no additive or air-bypass drag. However, at lower altitudes the differ-
ence would be greater. Thus, by comparing the curves for inlets A, B,
and B, it is evident that detached shock waves in the flow ahead of an
inlet are not desirable.

The summation of the drag factors for inlets C and D is high rela-
tive to those for the other inlets for Mach numbers greater than about
1.5, primarily, because of the low pressure recoveries of inlets C and D.
This large influence of pressure recovery is apparent from a comparison
of the summation of drag factors for inlets D and ¥ which have no air-
bypass drag or additive drag (figs. 15 and 1l4(e)), the only difference
between the two curves being that due to pressure recovery. That pres-
sure recovery becomes increasingly important as the Mach number is
increased above 1.3 is indicated by the divergence of the curves for
inlets D and F (fig. 15). At a free-stream Mach number of 2.0 the
total-pressure ratio for inlet D was 0.14 less than that for inlet F
(fig. 4). This increment of pressure recovery provided a drag summation
for inlet D almost 80 percent greater than that for inlet F. The impor-
tance of obtaining high pressure recovery at high Mach numbers is evident.

In view of the large effects of pressure recovery on the over-all
performance of the alr-induction system, further consideration of the
shock-wave configurations at the inlet is important. A single shock
at the entry, such as is indicated for inlets C and D (fig. 3), limits
the total pressure recovery avallable to normal shock recovery. With
two or more shocks at the entry, such as for the other inlets, the
Pressure recovery available should be higher by an amount dependent upon
the shock-wave patterns. It is therefore apparent that inlets having a
geometry which provides multishock recovery at the entry to the air-
induction system are most desirable for use in the range of Mach numbers
considered here. With the design of inlet F, the geometry provides for
the required variation of entrance area and diffuser contraction neces~
sary for inlet operation supplying multishock pressure recovery without
any penalty of additive drag, or the necessity for an air-bypass system.
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Significance of the Drag Summation

The drag summation £Kp can be considered as a drag coefficient,
within the limitations of the assumptions, if its wvalue is divided by
the proper reference area. To obtain some idea of the significance of
this drag summation, it can be converted to drag-coefficient form based
on wing area and compared with the drag coefficient of a hypothetical
airplane. Assume an airplane, typical of those to fly in this Mach
number range, having a wing area of 170 square feet and using 2 engines,
each having the same characteristics as the engline assumed in this
analysis. Then the drag summation in drag-coefficient form would be
about 0.012 times the values shown in figure 15. At a Mach number of
2.0 the value would be 0.01lk for inlet F and 0.025 for inlet C. With
the assumption that the drag and thrust of the airplane at a Mach num-
ber of 2.0 would be equal, then, the drag coefficient for the airplane
at a Mach number of 2.0 and 35,332-feet altitude would be about 0.052.
(A thrust of 12,000 1b was selected from fig. 5(b) for two engines.)
Then for inlet F the thrust loss resulting from the loss of pressure
recovery is about 27 percent of the drag of the airplane while for
inlet C the sum of the air-bypass drag, and the thrust loss resulting
from the poor pressure recovery is about 49 percent of the airplane
drag. 1If, by proper design of inlet ¥, the pressure recovery at a Mach
number of 2.0 could be increased to 0.905, the value for best two-shock
Ppressure recovery, the thrust-loss drag resulting from the pressure
recovery would be reduced to about 14 percent of the drag of the airplane.

Inlet and Engine-Matching Considerations

For the purpose of discussion in this report, at supersonic speeds
an inlet (or an air-induction system) is considered to be matched with
the engine if the additive drag is zero when the weight of air delivered
is that required by the engine. It is assumed that supercritical opera-
tion of the inlet is an unmatched condition. From the results of the
preceding analysis of the operational characteristics of various inlets
and the engine, it can be determined which of the inlets operates in a
matched condition with the engine. It is apparent from figures 1k and
16 that only inlets D and F are matched with the engine throughout the
speed range considered. Inlet B is matched with the engine only at a
Mach number of 2.0, and the other inlets considered are not matched with
the engine for Mach numbers between 1.0 and 2.0.

Matched operation, however, does not necessarily Indicate the best
performance. This is apparent from consideration of the drag summation
for the inlets (fig. 15). As was noted above, inlets D and F are both
matched with the engine throughout the speed range consldered but the
drag summation ZIZKp for inlet F is considerably lower than that for
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inlet D at the higher Mach numbers. The difference between the drag
sumations of these two inlets is due entirely to the ‘differences in
their pressure recovery shown in figure 4. For Mach numbers above
about 1.5 the performance of inlets A, B, and E is equal to or better
them that for inlet D, even though the operation of inlets A, B, and E
is not matched with the engine. From the preceding discussion it fol-~
lows that the optimum combined performance of the inlet and engine
results when the inlet is matched with the engine for the highest pres-
sure recovery.

CONCLUDING REMARKS

An analysis has been made of several two-dimensional inlets intended
for operation at Mach numbers up to 2.0 with aircraft powered by turbojet
engines having constant volume air flow. A comparison of the inlets was -
made on the basis of factors accounting for the thrust loss due to loss
of internal pressure recovery, additive drag, and air-bypass drag. The
effects of viscosity (boundary layer) and the pressure drag of the exter-
nal surfaces were not considered.

Of the factors considered in evaluating the relative performance of
the inlets, it was shown that the thrust loss resulting from a loss of
pressure recovery was the most significant. However, with certain inlets
there were some off-design operating conditions where the additive drag
was large. TFor the most part the drag of the air-bypass process was not
large in relation to the additive and thrust-loss drag factors.

Exceépt for certain types of variable-geometry inlets, it was appar-
ent from the study that for the range of Mach numbers considered, an
air-bypass system would be required with inlets operating with a turbojet
engine having constant-volume air flow.

The performance of variable-geometry inlets was substantially better
than that for similar type fixed-geometry inlets having equal pressure
recovery. The variations with Mach number of entrance area and diffuser
contraction required for ideal inlet-engine matching are indicated.

Ames Aeronautical Laboratory
" National Advisory Committee for Aeronautics
Moffett Field, Calif., Aug. 3, 1953
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APPENDIX A

ENGINE ATR-FLOW REQUIREMENTS

Using the definition of mass flow,

Wa = 8Py &g AOR My
(for matched operation Ay = AOR) it follows that the ratio of A at

a free-stream Mach number to that at a Mach number of 1.0, for a constant
altitude, is

(AOR)MO , (MO)MO=1.0

e I (S W O -

. =1.0

(Wa)MO

Also, from the continuity of flow
Wa = 8Py 8z Ag Mg

Assuming that the air flows through the engine at a constant volume rate
at rated rpm and that there is no loss of total pressure or total tem-
perature in the air-induction system, then

(W&)Mo (ps)Mo

(Va)y-y Lo (QS)MO=1.0

Thus, for a ratio of specific heats for air of 1.k,
2y5/2 2\5/2
(Wa)y, (140.24,3)y = (10,24 E) 2, ()

‘ £\5/2 5/2
(Vadyger o (1H0-2MoP) ) o (l+O.2M32)Mg

Combining equations (Al) and (A2) gives

2
(Rop)yy (Mol _, (l+O.2M02)?4/O (1o.2uf/2

Ao ) M (43)
: 5/2 5/2
( )Mo=1.o ( O)MO (1+O'2M°2)H0=1.o (l+O.2M32)IIO

To use this equation to calculate thé free~-stream area as a function of
free-stream Mach number, it is necessary that the Mach number at
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station 3 be known. Use of equation (1) shows that

(AOR)MO (MO)MO=1.O (1+0'2M62)§O (Wac)Mo
- (Ak)
(RoR)y .o (Mol (140-252)y 3.0 (¥ac)y -y .0

(It is evident by inspection, with proper regard to notation and Mach
number, that egs. (A4) and (B8) of ref. I are the same.) With this
equation the corrected air flow must be known to calculate A, . The
calculation of Aoy by use of either equation (A3) or (Ak) is lengthy
and tedious. The calculations can be simplified if it is assumed that

the weight of flow is proportional to the stagnation density at the com~-
pressor. Thus,

(Va)y_ (l+O.2M02);/2

W B 1+0. 2y5/2
( a)Mo=1.o ( M, )MO=1.o

Then, 5/2
(AOR)MO (MO)MO:]_ .0 (l+0’2.M()2)MO
- . (45)

(Boply o Uoly, (L0252,

The similarity between equations (A3) and (A5) is obvious. As long as
the variation of Mach number at the compressor is small, the quantity

5/2
My=1.0

5/2
(1+o.2M32)M0

(1+0.2M 2)

~1.0

The variation of is, consequently, defined by equation (AS5). For
the engine of this study, equation (A5) defines the air-flow character-
istics presented in figure 7 for a total pressure recovery of 1.0.
Calculation of A by equation (A3) does not differ greatly. For
example, at a free-stream Mach number of 1.6 and an altitude of 35,332
feet, the values of A as calculated by equations (A5) and (A3) are
1.66 and 1.69, respectively; at a Mach number of 2.0 the values are
2.06 and 2.13, respectively. :
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APPENDIX B

FURTHER CONSIDERATIONS OF INLET F

Matched operation of the inlet with the engine for a condition of
high pressure recovery is possible with the design features of inlet F,
that is, convergent-divergent diffuser, variable contraction ratio, and
variable entrance area. To show that higher pressure recoveries than
were assumed are probable with inlet F, and to indicate how such an
inlet may operate, some calculations of inlet geometry and shock-wave
configurations were made. In figure 17 sketches show the geometry of
the inlet and the associated shock-wave pattern for free-stream Mach
numbers of 2.0, 1.8, 1.6, and 1.4. In each case a normal shock wave was
assumed to occur immediately behind the minimum-area section. Pertinent
data related to the geometry of the inlet and to the characteristics of
the air flow are tabulated in figure 17 for each of the free-stream Mach
numbers.

The basic geometry of the inlet, that is, the entrance area, the
length between the entrance and the section of minimum area, and the
thickness of the lip at the section of minimum area is determined from
the assumptions made for the highest speed (Mg = 2.0). Since A,., Ay,
and A must be equal, the entrance area can be determined by using
equation (1). (The assumed total-pressure ratios Hs/Ho are shown in
fig. 17.) The calculated values of apply for altitudes within the
stratosphere. The assumed total-pressure ratios Hs/Ho are considerably
higher than the values considered for inlet F in the preceding analysis
(fig. 4) for corresponding Mach numbers and represent values to be
achieved with proper over-all diffuser design. (That such high pressure
recoveries might actually be realized is indicated in reference 10; high
pressure recoveries were obtained in experiments with properly designed
convergent-divergent perforated diffusers.) The length required between
the entrance and the section of minimum area depends on the shock-wave
pattern at a Mach number of 2.0. For the purposes of this analysis it
was assumed that the flow deflection angles © and oy (fig. 17) were
equal and of such values that the oblique shock waves from the lip and
from the ramp in the floor of the inlet would each reflect once ahead
of the minimum-area section in such a way that the reflected waves then
would each intersect the opposite surface of the inlet at the minimum-~
area section. (See the sketch in fig. 17 for My = 2.0.) To satisfy
this shock-wave pattern, the internal geometry of the inlet ahead of the
minimum-area section would have to be symmetrical in the two-dimensional
plane. Then the length of the inlet and the contraction ratio AO/Am
would each have a specific value. If the external surface of the 1lip is
assumed parallel to the free-stream direction, then the thickness of the
lip at the minimum sectlion can be calculated.
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When operating at a free-stream Mach number of 2.0, the flow would
be symmetrical within the inlet (because of the geometric symmetry) so
that the flow in regions a, c, e, and g (fig. 17) would be the same as
the flow in regions b, 4, f, and h. The total-pressure ratio Hm/HO
available at the minimum-area section was calculated from considerations
of the shock-wave patterns, and the values are ghown also in figure 17.

At free-stream Mach numbers less than 2.0 the lip must be rotated
to decrease the entirance area from its value at M, = 2.0 to a value
corresponding to AOR for a particular free~stream Mach number. Then

the flow deflection angle, B;, caused by the lip is decreased from its
value at My = 2.0. (See fig. 17 for My = 1.8.) If flow symmetry is
to be maintained (as was assumed in this analysis for M, = 2.0 and 1.8),
the ramp on the floor of the inlet must be lowered so that the flow
deflection angle & is the same as ;. The sketch in figure 17 shows
this type of operation for a free-stream Mach number of 1.8, and also
the computed values for the total-pressure ratio Hp/H, and the con-
traction ratio Ay /Ap.

At some free-stream Mach numbers the pressure recovery available
at the minimum-area section may be reduced if the geometry is wvaried to
obtain flow symmetry, because the flow deflection angles (contraction
ratio) may be too small to reduce the Mach number of the entering flow
to near 1.0 at the minimum-area section. (In order to obtain a high
pressure recovery the Mach number of the flow entering the inlet must be:
reduced so that the normal shock wave at the minimum-area section occurs
at a Mach number of about 1.0.) Thus, at a free-stream Mach number of
1.6 is such that high pressure recovery cannot be obtalned by

varying the geometry of the inlet to obtain flow symmetry. To obtain
better pressure recovery the ramp in the floor of the inlet can be
changed so as to increase the flow deflection angle ©&. Then the con-
traction ratio is increased and the flow becomes unsymmetrical, as
indicated in figure 17 for Mg = l1.6. A limiting condition for the flow
deflection angle caused by the lip or the ramp in the floor of the inlet
is that the flow deflection angle (5, 61) must not be so large as to
cause any of the shock waves ahead of the minimum-area section to become
detached. Because of the unsymmetrical flow, a small region of vorticity
may occur with the mixing of dissimilar flows behind the shock waves
from the lip and floor of the inlet (regions ¢ and d, and g and h in the
sketch for Mgy = 1.6, fig. 17). Reference 11 discusses some aspects of
this type of flow. The pressure recovery for this type of flow may
actually be less than the value shown in figure 17 which was calculated
from the shock-wave considerations alone. However, because the flow
direction and static pressure within two mixing regions (c and 4, or

g and h) are the same and, because the velocities in the two regions
will not differ greatly, it would seem that the pressure loss should

not be large.
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At a Mach number of 1.k4 Aop has decreased so much that the flow

deflection caused by the 1lip is no longer compressive (87 1s negative
in sense) and expansion would occur around the leading edge of the inner
surface of the lip. Because ©; 1is so small at a Mach number of 1.k,
the expansion was neglected in this analysis. At lower Mach numbers

51 would be larger and further consideration would have to be given to
the effect of the expansion. To obtain high pressure recovery the floor
of the inlet must be changed to give the desired contraction ratio and
shock-wave pattern as indicated in the sketch for M, = 1.4 (fig. 17).

For the purposes of this analysis of inlet F it was assumed that
at a given free-stream Mach number, the difference between the assumed
total-pressure ratio Hg/H, and the total-pressure ratio Hy/H, cal-
culated from the shock-wave pattern would correspond to a subsonic ’
diffuser loss.  Consideration of the contraction ratios shown in fig-
ure 17 and the variation of contraction ratio with Mach number shown
in figure 11 indicates that the values shown in figure 17 approach, in
general, the isentropic values for the particular Mach number. Opera-
tion of the inlet to keep the contraction ratios near the isentropic
value, or the value required for a particular multishock configuration,
should result in high pressure recovery.

Besides the potential for matched operation with the engine for a
condition with high pressure recovery, inlet F possesses other desirable
gualities. Features to improve the performance of the inlet can be
incorporated in its geometry. The design of the diverging portion of
the diffuser could be such as to include a long section of nearly con-
stant area which should act to stabilize the flow within the inlet.
(Ref. 12 indicates the need in this respect for a long diffuser section
with nearly constant area following the minimum-area section.) With
supersonic flow stabilized within the inlet, the contraction ratio can
be varied to approach the value required for isentropic compression.
During take~off a large entrance area is needed and the inlet can be
opened. to take in more alr, perhaps eliminating the necessity for addi-
tional air-access openings. With the inlet wide open the difficulties
ordinarily assoclated with separation of the flow from the internal
surfaces of sharp lips might be minimized. The geometry of inlet F
could be adapted to an inlet of rectangular design; it could be used
as a nose inlet, fuselage side inlet, in pod arrangement, etc.

The considerations presented herein point out the possible advan-
tages of inlets such as F for flight through the Mach number range up
to 2.0; however, a true evaluation must await experiments with inlets
of this type. One large disadvantage of inlet F is, of course, the
mechanical complexities involved in varying the geometry so that the
air~induction system and engine can be operated properly. It remains
for future investigation to determine the effects on over-all inlet
performance of wave drag, of the third dimension, of viscous flow, etc.,
for the probable configurations of inlet F.
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Figure 2.~ Schematic diagrams and descriptiong of the inlets.
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(b) Net thrust, rated rpm with afterburning, altitude 35,332 feet.

Flgure 5.~ Corrected air flow and net thrust for the assumed turbojet

engine.
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Figure T.~ The area of the free-stream~tube required by the engine
for various free-stream Mach numbers, altitudes, and pressure
recoveries,



N (pz) b3

!/ w, . ! 8 / [
R A AT A A A
Ty ! JWz0+]

NACA EM A53HO3

duwos 0}
DOYIDID BADM ¥I0YS

*0798I MOTJ-SS®m JOJ uoTjenbs ay3 Jo swaod -°Q InSTJd

192) b3

‘W \sms.w.?:\ Wy iy 'y ®y

Wz0+1’ %y Ty T %y T Oy

* £kl

0 bis

OIS VE e\ o e
—
& dy wo4j peyoniep ‘dups

O POYODIID. 8ADM YIOYS

‘paipydus 9q uDD. SuoHDNDE Oyl pPup. 8prouled
8 pup w ‘usbienIp SI 48SNIJIP Ol USYM  9YON

(q9c) b3

w w&w.oi\mw 'y °%4 9Oy

syl owzo+1/ v T TH

nhg‘ nQu% usym dy wouy 40)
) dwps wody
POYIDIGP 8ADM YI0YS

32

(pg) b3

W w:w.ol\u.ﬂ-mh
Yyt fwzo+i’ My v

0=8 YYm 01 < W 10 01 >%W

‘01§ 0 vis
ﬁ \



NACA RM A53HO3 | 33

24
Range of § for.- | y
/,—::-=0.99xbesr Iwo-shock values —‘>< //
20 ,7-//'&' =0.995x best two-shock values ){ 7 \ p
(-] 4
) Ve V4
S for detached shock wave 7 e
, R
§ /6 7 /// )i/‘
/ 7
< A 21~
// s ¥ /
% y. ///// ///(/‘
S 2 /4;" ’ ////' 7
% //'l J/ ’, -/ ¢
S // /. ,\g Inlet A
8 7 7V /j re — /ﬂ/ef B
'455// L7,
7y ////
// 4 ///
4 A
/ / 7/ /"
VAR #
; 7
J o
0 pavi '
1.0 1.2 14 .6 1.8 2.0

Free-stream Mach number, M,

Figure 9.~ The range of ramp angles for Pressure recovery nesr that
for best two-shock recovery for free-stream Mach numbers between
1.0 and 2.0.
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Figure 10.~ The variation with free-siream Mach number of mass-flow ratioy
and free-stream-tube area A, for each of the inlets.
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Figure 10.~ Continued.
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Figure 1l.- The variation of the contraction ratio Ao/Am with free-
stream Mach number for M, = 1.0.
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Figure 12.~ The variation of the thrust-loss factor with free-stream
Mach number for the pressure recovery for each inlet. Altitude,
35,332 feet.



NACA RM A53HO3

x 20

L)

<l|e
I
E; 16 . o [ —t—
< ///'

- QO
S [
QL
Q /2
N I
N —
.~ l
°© g
X |
S e !
2 d {

4
o /
8 4
oL/ [~
8 10 L2 .4 L6 L8

Free-sfream Mach number, M,

(a)

Inlet A.

20

Figure 13.~ The variation with free-stream Mach number of the percent of

excess weight of air to be bypassed for each of the inlets.

35,332 feet.

Altitude,
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FPigure 13.~ Continued.
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Figure 15.- The variation of the drag summation with free-stream Mach
number for each of the inlets. Altitude, 35,332 feet.
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Figure 16.=- Free-stream~tube areas; A, for each of the inlets.and AQR
for the engine. Altitude, 35,332 feet.
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Figure 17.~ Some geometric features and aerodynamic characteristies for

inlet F.

NACA - Langley Field, Va.



