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2 A SUMMARY g
("'3 .Ail in?x—:stige.tion wae conducted in the NACA Iewls 8- by 6-foot s%er-g_

scniﬁind&bunnel to determine the effectiveness of experimental control
sign witich were applied to a theoretlcal inlet throat Mach number con-
trol system and & normal-shock-position control system for varying the
inlet geometry of a twin-duet, side-~inlet, fuselsge forebody model of a
prototype aircraft. The inlets were of the douvble-ramp type with a fixed-
angle first ramp and a verisble-angle second ramp. The Investigation was
conducted with various second-ramp angles over a range of angles of attack
and yaw at free-stream Mach numbers from 1.5 to 2.0. With some reserva-
tions due to twin-duct asymmetry, the theoretical inlet throat Mach number -
control using the signals investlgated asppeared to provide satlsfactory
control performance superior to that for the normsl-shock-position con-
trol. A constant value of control throat Mach number provided near-optimum

performance for all conditions except on a USAF hot day.

INTRODUCTION

Twin-duct side-inlet systems have been used on several fighter- and
interceptor-type sircraft. As the £flight Mach number of these sircraft
is increased In the supersonic range, varleble-geometry inlets are em-
ployed; and therefore a control system must be selected.

An investigation has been conducted in the Iewls 8- by 6-foot super-
sonic wind tunnel to determine the effectiveness of experimental control
signals applied to two types of theoreticel control systems for the vari-
able inlet geometry of the twin-duct, side-inlet, fuselage forebody model
of a prototype alrcreft reported in reference 1. The inlets were of the
double-ramp type with a fixed-angle first ramp and a varisble-angle second
ramp. The purpose of these theoretical control systems was to vary the
second-ramp angle in order to maintain near~optimum inlet-engine perform-
ance over the range of flight Mach nurbers and temperstures. HNo varilable
compressor bypess was lncorporated in the design of the alreraft. The
test was conducted with several second-ramp angles over & range of angles
of attack and yaw at free-stream Mach mmbers from 1.5 to 2.0.

Nate = —_f
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The experimental control signals applied to the theoretlcal inlet
throat Mach number comtrol system were the Mach nunbers measured Just
inside the cowling. . This was a region where the second-ramp angle theo-.
retically influenced the local Mach vumber in a unlque manner. for any given
engine corrected airflow. Thus, by controlling this throet Mach number,
the ramp angle would be controlled. This theoretlcal control system was
analyzed in deteil.

A theoretical normal-shock-positlon control system was analyzed
briefly. For the type inlets lnvestigated at any glven engine corrected
alrflow, normal-shock position theoretically was a unique function of remp
angle, Hence, by controlling normal-shock posltlon, ramp angle would be
controlled.

=

SYMBOLS
Az compressor-tip frontal area }
D incremental drag
F thrust

ms/mo ratio of inlet mass flow to mass flow at free-stream conditions
through inlet capture area

P total pressure

P static pressure

w o weight flow

3] retio of totel pressure to NACA standard—day sea-level pressure
of 2116 1b/sq ft

& ratio of total temperature to NACA standard-day sea-level anmbient
tempersture of 519° R

Subscripts:

c cantrol

i idesal

n net

8 atandard day

0 free-stream conditions

3 compressor-face conditions
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APPARATUS

A photograph of the model is presented in figure 1, and a sketch of
the inlet appesrs in figure 2. This model is the same as that investi-
gated in reference 1. The double-ramp twin-duct inlets had a combination
scoop and diverter system for fuselage boundary-layer removal. As shown
in the sketch in figure 2, the centerline of the initiasl portlon of the
duct was canted 5° with respect to the fuselage centerline. The first
ramp wes Tfixed at 9°, and the second-ramp angular position was set at
several values. The longitudinal position of the second ramp was such
that the theoretical second cbligue shock was sbout 0.22 inch upstream
of the cowl lip with a second-ramp angle of 19° at a free-stream Mach num-
ber of 2.0. Six rows of perforations were located in the surface of the
second ramp upstream of the cowl to gerve as a ramp boundery-lasyer-
removeal system.

To obtain experimental control signals for the theoretical throat Mach
nunber control, a Pitot static tube was located in each of the ducts 1—2:'=

inches dowunstream of the cowl lip. The exact location and details of this
tube are indicsted in figure 2. This particular location was selected as
that at which the local total pressure was closest to the average at this
station regardless of angle of ettack, angle of yaw, or remp angle as de-
termined from a total-pressure survey. Cowl coordinstes in this region are
also shown in figure 2.

The instrumentation providing signals for the theoretical normal-shock-
position control comsisted of a static-pressure orifice in the ramp surface
inside the cowling as shown in figure 2. This instrumentation was located
in the left inlet only. Subsonic-diffuser area varlstions for several
second-ramp angles are shown in figure 3. Duct cross sections are also
indicated.

PROCEDURE

For a given second-ramp angle, the inlets were investigated over a
range of mass-flow ratios, angles of attack and yaw, end Mach nunbers
from 1.5 to 2.0. The ramp angles selected and the corresponding Mach num-~
bers at which the theoretical second obligue shock was sbout 0.22 inch
upstream of the cowl lip were as follows:

Second-ramp angle, | Design Mach
deg number
21 2.1
19 2.0
17 1.8
13 1.7
9 1.5
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An individual throat Mach number for each of the two ducts and also
an average throat Mach mumber for both ducts are presented in the fig-
ureg. The individual throat Mach number was ccompubed from the static-
to total-pressure ratio for each Pitot-static tube. The average throat
Mach number was camputed fram the ratio of the average of the two static
pressures to the average of the two total pressures. In the figures for
the normal-shock~position control system, the ratio of control pressure
to free-stream static pressure gppears.

Inlet performance characteristics used in the thrust-minus-drag
analysis of this report were obtained from reference 1.

RESULTS
Inlet Instability

Before the comtrol problem is considered, the two types of inlet
instability encountered with this configuration are discussed. As the
mags-flow ratio was reduced from the critical walue, the normal shocks
of both inlets moved upstream uniformly and in a stable maxner until at
some mess-flow ratlo twin-duct asymmebtry began to occur. As the mass
flow was reduced further, the normal shock of one inlet continued to move
gradually upstream while the other normsl shock gradually moved back into
the inlet. During operation of thils type the normal shocks began to os-
cillate locally resulting in small variations in diffuser pressures that
gradually incressed in amplitude. This instabilility, called flutter, is
indicated in the figures by a tail up symbol. Eventually, as the mass
flow was decreased further, inlet buzz occurred during which the normal
shocks oscillated over large dilstances with a sharp rise in the amplitude
of diffuser pressure variations. This instabllity is indicated 1n the
figures by a tail down symbal.

Control Requirements

The purpose of any control system for this inlet configuration was
to vary the inlet geametry (second-remp angle) to maintain near optimum
inlet-engine performance over the range of flight Mach numbers and tem-
peratures. No varisble compressor-bypass system was incorporated in
this aircraft. : ' '

The chief problems in selecting a control system for a twin-duct
configuration are: (1) declding om a suiteble control plan; (2) deter-
mining the proper location of the control; (3) obtaining satisfactory
control signels to operate the desired controlled parameter; and (4)
determining the effect of twin-duct asymmetry on the messured control
signals and the subsequent effect on the controlled parameter.

CQOY
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For the twin-duct system investigated the control plan of the inlets
can be handled in several ways: (l) sense the conditions in each duct
and cperate each second ramp separately as required; (2) sense the con-
ditions in each duct, average, and operate both second ramps identically;
or (3) sense the conditions in cme duct and operate both second ramps
identically. The possibilities of method (1) cannot be evaluated in the
present report, since data were obteined only for equal ramp angies. It
is possible that twin-duect asymmetry could have been prevented with such
a control. The practicality of method (2) is investigated in some detail
in this report. Operatling difficulties may be encountered with method
(3) because of twin-duct asymmetrical operation.

A desirsble control signal for the configuration investigated would
be an inlet parameter that is a unique function of second-ramp angle. At
a given corrected airflow, twin-duct asymmetry may cause the signel cb-
tained during unstable operation with a certain ramp angle to be identical
to the slgnal cbtained with & different ramp angle operating in a stable
manner. (This condition is referred to as signal crossover.) The conbrol
system then might set either of two widely different remp angles, one of
which would be undesirable because of poor performence and unstable oper-
ation. If the control had the gbility to reject the asymmetric condition,
it could then seek the staeble, symmetric operating conditions.

Some of these problems are snalyzed for the theoretical throat Mach
number and normal-shock-positlon control systems.

Individual Throat Mach Number Control Signals

Presented in figure 4 are the Individual throat Mach number signals
obtained for several second-ramp angles and free-stream Mach numbers at
2° angle of attack. The closed and open symbols indicate the left and
right inlets, respectively. During supercritical inlet operation it would
be expected that the thrcoat Mach number would be same constant supersonie
value depending upon ramp angle and free-stream Mach number. If the in-
lets were operating symmetrically, the throat Mach numbers would be equsl.
As critical inlet operstion is approaeched, the throat Mach numbers should
suddenly drop to some subsanic value ss the normsal shocks move upstream
of the Pitot-static tubes. The throat Mach nurmbers should then decrease
as the mass flow is further reduced in the subcritiecsl operating range.
If the inlets operate symmetrically, this decrease should be continuous
and equal faor both inlets.

The data in figure 4 indicate that for all ramp angles and free-
stream Mach numbers the inlets operated symmetrically from criticel oper-
ation throughout the subcritical stable range until flubter and buzz
occurred. Accompanying flutter and buzz operation was a wide difference
in throat Mach numbers indicating severe asymmetric inlet operation.

-
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During the stable subcritical operating range the signal cobtained with
one ramp angle was distinetly different from that obtained with another
ramp angle. Figure 4 shows. that in some cases signal crossover occurred
during unstable opersationm.

During supercritical operation the performence of the inlets dif-
fered from that expected, particularly at the lower free-stream Mach num-
bers of 1.6 and 1.5 (figs. 4(e) and (f)), where the throat Mach numbers
remained subsonic In both inlets for most ramp angles. In these cases
conventional inlet starting did not occur, prcbably because of the block-~
age resulting from the Pltot-gtatic control iubes. At Mach numbers of
1.9 end 1.8 (figs. 4(b) and (c)) the right iniet started as expected,
but the left intet did not, causing the throst Mach numbers to be widely
asymmetrical.

Average Throat Mach Number Control Signals

The aversge throat Msch number control signsals are presented 1n fig-
ure 5 for the same configurations and operating conditions shown in fig-
ure 4, In figure 5 the critical operating points of the inlet are indi—
cated by closed symbols.

The average throat Mach number data follow the same trends asg those
observed for the individual throat Mach number deta presented in figure
4. Averaging the conditions tended to reduce the problem of signal cross-
over but did not eliminate it completely. In designing a control system
serious consideration must be given to this prcblem.

Theoretical Throat Mach Number Control Analysis

The average throat Mach number dsta in figure 5 were used in an enal-
ysis of a theoretical control system using this signal for ramp sctuation.
Because of its simplicity, a control designed to malntaln a constant value
of throat Msch number regardless of operatlng condltions would be more de-
sirable than one which would have the control value of throat Mach number
scheduled with such operating condltions as £light Mach number, altitude,
and amblent temperature. The major part of the analysis which follows was
made for the constant control Mach number case, but the improvement which
could be made by using a varieble control Mach number is also indicated.

The analysis was made assuming that a suitable turbojet engine and
typical suxiliary alrflow requirements were mastched to the inlet system.
These corrected airflows for RACA standard and USAF hot and cold days
are indicated on the sbacissas of figures 4 and S. Inlet performance
data were obtained from reference 1. Typical mass-flow pressure-recovery
curves used in the anslysie are shown in figures 6(a) and (b) for Mach
numbers 2.0 and 1.5, respectively. Engine airflow lines are indicated.
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The ramp angles, mass-flow ratios, and pressure recoveries which a
constant throgt Msch number control would set, are shown in figure 7, for
a 2° engle of attack over the Mach number range for three ambient temper-
atures at 35,000 feet sltitude. A value of 0.82 for throat Mach number
was selected, since this value provided better performence for a larger
number of operating conditions than any other value. The figure shows a
large effect of ambient temperature, perticularly for temperatures higher
than the standard day.

Some over-all performence parameters evalusted from the data in fig-
ure 7 are shown in figure 8. The effective-thrust ratioc is defined as
the net thrust of the assumed engine at the measured pressure recovery
minus an incremental drag, depending upon masg-flow ratio and ramp angle,
divided by the net thrust of the engine with 100-percent pressure recov-
ery. The incremental dreg is defined as the difference between the model
dreg at the operating condition of interest and the minlmm model drag
attainable at the same Mach number and angle of abttack. Thus, with super-
critical operation and with a ramp angle less than design, incremental
drag would be zero. The performence for a throaet Mach number of 0.82 is
shown by the curves, and the optimum performsnce obtainable with a vari-
able throat Mach number is denoted by the symbols.

With this particular match of engine snd Inlet, the highest values
of effective-thrust ratioc were obtained an a standerd day. The constant
throet Mach number control would set operating conditions to within sbout 1
percent of optimum effective-thrust ratio over the free-stream Mach num-
ber range on a standard day. Cold-day performance was scmewhat lower
than that of the standard day because of reduced pressure recovery, bub
the constant throat Mach number control would set the optimum condition over
the Mach number range. On & hot day the effective-thrust ratioc was quite
low at the higher free-stream Mach numbers, and for these condlitions
appreciable improvements could be made by using a varisble throat Mach
nurber, as shown on the figure. These improvements, however, required
placing the inlet system on the verge of asymmetrical and flutter inlet
operation. The 0.82 comstant throat Mach number did not operate the in-
let gystem near the range of instsbility.

As smbient temperature increases, the engine net thrust with 100-
percent pressure recovery, Fn i, decreases. Hence, the effective-thrust
ratio, which is useful as an inlet efficiency parameter, is not an indi-
cation of the actual force availaeble to drive the airplsne. Therefore,
also presented in figure 8 is the ratio of actual thrust minus drag to
standard-dsey ideel net thrust that would be obtalned with the constant
throat Mach number control. On a standard dey the values of this parameter
are identical to those of the effective~thrust ratlc. The actual thrust
minus drag for a cold day is higher than that for the standard day even
though the effective-thrust ratio is less. On e hot day the asctual thrust
minus drag is lowest by large amounts over the Mach number range, and it
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appears that the problem of cbtaining sufficlent thrust to drive the air-
Plane is most critical. The figure shows that the improvements obtained by
employing s varilsble throat Mach number control were not large and thet
greater improvements could be obtained by giving more preference to the
hot-day condition In matching the inlet and engine system. The cold-day
condition appears to be least critical In matching considerations.

The inliet operating conditions with a constant throat Mach number
of 0.82 which were shown in figure 7 at 35,000 feet altitude are also
shown in figure 9 for a range of pressure altitude to 65,000 feet. Again
the effect of tempersture 1s large over the altitude range. Some of the
results for cold-day operation in figure 9 appear to vary somewhat errat-
ically. This is primarily a result of the large varistion in amblent
temperature with altitude on a cold dasy. h o '

The same thrust performance parameters discussed previously are also
presented in figure 10 for the conditions in figure 9. Effective-thrust
ratio remsined falrly constant over the altitude range for all flight Mach
nunbers on standard and cold days. In these cases the constant throet
Mach number control maintained near optimm performance. On a hot day
the effective-thrust ratio decreases with incregsging altitude at the
higher Mach numbers and was less than optimum.

The effects of altitude on the thrust minus drag to standard-day
ideal net-thrust ratic verled widely depending upon ambient temperature.
On a standard day there was little effect; on a cold day the ratio in-
creased with increasing altitude; and on a hot day the ratio decreased
with incressing altitude. These trends were similar over the Mach number
range. Again, flight on & hot day appears to be the most critical con-
dition, particularly at the higher sltitudes.

Effect of Angle of Attack

Airplane angles of attack and yaw greatly influence inlet perform-
ance, perticularly with a twin-duct system. In the design of a combrol,
therefore, the effect of airplane attitude could be an important factor.

Sufficient dats were not obtalned to make a caumplete analysis of
the effect of airplane attitude on comtrol performance. However, some
trends csn be cbserved fram the available data. Individual throat Mach
nurber signals obtained over a range of angles of attack and yaw for a
variety of operating conditions are presented in figures ll(a) to (f).
Each figure shows a significant effect of attitude over the entire ailr-
flow range. For a given ramp angle at a particular free-stream Mach num~
ber, incressing model angle of attack increased throat Mach number at any
value of corrected airflow. The behavior of the inlets with respect to
symmetry was similer at high angles of attack to that discussed previously
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for 2° angle of attack, but the range in corrected airflow in which the
inlets were symmetric decreased. However, as model yaw angle increased
(fig. 11(e)), the inlets became increasingly asymmetric over the alrflow
renge, as would be expected. At 2.1° yaw the curves for the two inlets
did not coincide because of the asymmetry, but both inlets could be oper-
ated subcritically and supercritically in the conventional masnner. At
6° or 9° yaw this was no longer true; the windward inlet remained sub-
critical over the alrflow range. As seen in the figure, the throat Mach
number in this inlet remained constant over the airflow range investi-
gated, while the signal from the leeward inlet varied in & conventional
marmer. Ceme . . :

For the maneuvers discussed previously, the following alternatives
are available: (1) The control could be allowed to operate to maintain
either a constant throat Mach number or a Mach number scheduled with
ambient temperature, or (2) the controlled value of throat Mach number
could be scheduled with model attitude, or (3) the control could be made
inoperative during an angle of abtack or yaw maneuver. The basic re-
quirement of the control during such maneuvers would be to keep the inlet
out of regions either where instability occurs or where inlet performsnce
deteriorates so badly that engine performance is unsatisfactory (e.g.,
high distortion causing campressor stall). In addition to the structural
hazards that instability presents, it might perhsps, with a twin~duct
system, cause airplane yaw instabllity if the two inlets oscillated out
of phase. Coriceivably, then, by obtaining sufficient data to determine
tle dangerous operating regions, a conbrol could be scheduled to avoid
these regions. Since such a control may be complicated, simpler systems
are desirable; however, insufficient dabta are availsble to completely re-
solve this problem. Some trends can be determined, however.

Presented in figures 12(a) and (b) are the average throat Mach num-
ber signals for the yaw data of Pigure 11(e) snd the angle of attack data
of figure ]_'L(a.), respectively. For the yaw maneuver insufficient data
are available to determine exactly what the control would do if it were
operating to maintain an average throat Mach number of 0.82. However,
since the signals increased sbove 0.82 as yaw angle increased on & stand-
ard day, the ramp angles would be lowered below 13° by an unknown amount.
Whether or not instaebility would be encountered is not known. If the
control were incoperative during the maneuver, the ramp angle would re-
mein at 13° while the throat Mach number would vary along s line of con-
stant corrected airflow. The figure shows that instability would be
approached at g° yaw, but the performence appears to be satisfactory at
lower yew angles. '

A little more information is available for the angle of attack ma-~
neuver, since angle of attack performasnce was obtained for more than one
ramp engle at Mach 2.0. Although data were cbtained in one inlet only
with the 19° ramp angle at Mach 2.0 (fig. 11(b)), the inlets were
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syrmetricel in the operating range of interest. These dats snd the aver-~
age Mach number date with the 21° ramp in figure 12(b) were used to ob-
tain the curve in figure 13 of second-ramp angle sgainst angle of atteck
at Mach number 2.0 with the control maintaining a constant average throat
Macéh number of 0.82. This analysis was made for some day warmer than the
standard dey for which the mastch corrected airflow was 21.8 (1b/sec)/sq
ft. This condition was selected since the control would then set the

21° ramp angle at the cruise angle of attack. The figure shows that in
the angle of attack range from -2.1° to 5° the ramp angle varied by 1litk-
tle more than 1°. However, at sngles of attack greater than 5° the ramp
angles would be lowered an unknown amount until at 9° angle of attack
they would be substantially less than 19°.

Theoretical Normal-Shock-Position Control

The signals obtained for the theoretlcal normal-shock-position control
are presented in figures 14(a) and (b) for £light Mach numbers of 1.98 and
1.49, respectlively. The perameter presented is the ratio of the static
pressure Just inside the cowl on the ramp swrfeace to the free-stream static
prespure. Although data were obtained in cme inlet only, it 1s repre-
gentative of both inlets in the subcritical operating range between crit-
ical and the start of instability.

This method of controlling the ramp was not as satisfactory as the
throat Mach number conbtrol, because the change in corrected airflow with
ramp angle at a constant value of static-pressure parameter is relatively
small at both Mach 2.0 and 1.5. As a result, the effect of ambient tem-
perature on performance will be larger than it was with the throat Mach
number control; and poorer performance would result on the nomstandard

days.

Also, at Mach 1.5, if a constant value of statlc-pressure parameter
is selected for operation over the range of ambient temperature, the
optimum ramp angle for standard-day operation cemnot be ghtained. For
example, the static-pressure parameter must be grester than sbout 1.9 if
the control is to perform properly om days hotter than the standard day.
But with this control value, the ramp angles would be less than 9° on a
standard day; and therefore a relatively low pressure recovery would re-
sult. This difficulty could be overcome 1f the static-pressure parsmeter
were scheduled with ambient temperature.

Since the theoretical throat Mach mumber control appeared to be better
than the theoretical normml-ghock-position control snd less data were
availsble, the latter was not analyzed further.

£

cQcy



4553

NACA RM E57G22 Y 11

SUMMARY CF RESULTS

An investigation was conducted to determine the effectiveness of ex-
perimentsl control signals that were spplled to a theoretlical inlet throst
Msch number control system and s theoretical normsl-shock-position control
system for verylng the inlet geometry of a twin-duct, side-inlet, fuselage
forebody model of a prototype alrecraft. The inlets were of the double-
ramp type wilth a fixed first ramp and a varlable-angle second ramp. The
investigation was conducted wlth various second-ramp angles over a range
of angles of attack and yaw at free-stream Mach numbers from 1.5 to 2.0.
The following results were observed:

1. If the throat Mach numbers of both ducts are averaged, the result-
ant control signal when applied to a theoretical control system with a
single mechanism actusting both ramps uniformly provides sabtisfactory per-

formance 1f the control system disregerds signals obtalned when the inlets
are widely ssymmetric.

2. At cruise angle of attack the theoretical consbant throast Mach
number countrol system would set nesr-opbtimum cperating condltions over the
Mach nuriber range on either an NACA standard day or e USAF cold day in the
altitude range from 35,000 to 65,000 feet. On a USAF hot day, performance

could be improved spprecidbly over the slbtlitude range by scheduling thro=at
Mach number with ambient tempersture.

3. The theoretical normsl-shock-position coutrol system was not as
satisfactory as the throat Mach number control, because changes in amblent
tempersture produced larger adverse changes in inlet performance.

Lewis Flight Propulslon Iseboratory
National Advisory Commlttee for Aeronautles
Cleveland, Chio, July 26, 1957
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Figure 1. - Fueelage lnlet model.
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Figure 2. - Diagram of fuselage inlet model showing details of inlet and Mach pumber sensor. (All dimensions in inches).
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Corrected weight flow, wz~\Bz/83Az, (1b/sec)/sq £t

(a) Free-stream Mech number, 1.98.

Angie of attack, 2°,

Figure 4. - Effect of second-remp angle on individuel throat Mech number con-
trol signal.
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Individuel throat Mach number signal

1.2

[
o

@

»

i~

NACA RM E57G22

eesy

17 HH

—[ s 1] E Lt“
Second-ramp HHEh e
- _ angle, . B T e
deg H HEL
| 4 30 et 134T 1th
(o] 21 :::? =% ‘ i
o4 19 et e
[m} mum

X
T

H
e} L3gE1

Closed  Left inlet R TR
Open Right inlet RH 3 H
Tall wp Flutter HH H S
Tail down Buzz = o 3
JoE £ 2 AL
A P :_'::; 1HER
H+- uamgpR. oy g I
: =u ) ] :F (mm| T 1 [
s = HEER A R R tHH [ HH B
gl
i ceanais fEh TR Bt .
: HH i3
N i) o HHH + 2
AR T
: i
=5 B e
e
- H o, FHES H Sgins
3 HHE
H -F H14
g g il
8 P & ipr e HE T
o H & O HHH
H Bt EEEER AV
6 10 14 18 . 22 . 26 30
Corrected weight flow, w51/93/53A3 » (1v/sec)/sq £t
(b) Free-stream Mach number, 1.89.
Flgure 4. - Continued. Effect of second-ramp angle on individual throat )
Mach number control signal. Angle of attack, 2°.
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Figure 4. - Continued.

Corrected weight flow, Wx4/@z/8zA=z, (1b/sec)/sq ft
3 3/ Y353

(c) Free-stresm Mach number, 1.79.

Effect of second-ramp angle on individual throat
Mach number comtrol signal. Angle of attack, 2°.
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Figure 4. - Continued. Effect of second-ramp angle on individual throat -
Mach number control signal. Angle of atbtack, 29.
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Individual throat Mech number signel
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Figure 4. - Contlnued. Effect of second-ramp angle on individual throat
Mach number control signel. Angle of sttdck, 2°.
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Figure 4. - Concluded. Effect of second-remp angle on individual throat
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Figure 5. -~ Effect of second@-ramp angle on the average throat Mach number con-
trol signal. Angle of attack, 2°.
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Average throat Mach number signal
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Figure 5. - Continued. Effect of gecond-ramp angle on the average throst
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Averege throat Mach number signal
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Corrected weight flow, w31’95/53A5, (1v/sec)/sq £t
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Figure 5. - Cortinued. Effect of second-ramp angle on the average throat
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Average throat Mach number signal
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Flgure 11. - Bffect of angles of attack and yaw on
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fixed second-remp angles.

33



Individual throat Mach number signal
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Individual throat Mach number slgnal
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Corrected weight flow, ws\/@s/BEAs, (1b/sec)/sq £t

(d) Second-ramp aengle, 13°; free-stream Mach number,
1.68.

Figure 11. - Continued. Effect of angles of attack

and yaw on individual throat Mach number control
signal with fixed second-ramp angles.
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Corrected weight flow, wz+f6z/5zAz, (1b/sec)/sq ft
(e) Second-remp asngle, 13°; free-stream Mach number, 1.68.
Pigure 11. - Continued. Effect of angles of attack and yaw on

individual throst Mach number control signal with fixed
second-remp angles.
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Individual throat Mach number signal
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Corrected weight flow, ws,vhg'/asAs,_ (1v/sec)/sq £t

(f) Second-ramp angle, 9°; free-stream Mach number, 1.49.

Figure 11. - Concluded. Effect of angles of attack and yaw on individual
throat Mach number control signal with fixed second rsmp angles.
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Corrected weight flow, Wyn[6z/5z8-, {1b/sec)/sq ft
3 35

(a2) Varisble angle of yaw; second-ramp angle, 13°; free-
stream Mach number, 1.68.

Figure 12. - Effect of angles of attack and yaw on average
throat Mach number control signal with fixed second-ramp
angles.
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Corrected weight flow, w31/63/65A3 , (1b/sec})/sq ft

(b) Variable angle of attack; second-ramp angle,
21°; free-stream Mach number, 1.98.

Flgure 12. - Concluded. Effect of angles of attack

and yaw on the aversge throat Mach number control
signal with fixed second-ramp angles.
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Static-pressure parameter, 'pc/po
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1.98.

Figure 14. - Control signel from normal-shock-
sensing statlic-pressure orifice in second-ramp
surface. Angle of attack, 2°; left inlet.
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Corrected weight flow, w31/63/§3A5, (1v/sec)/sq £t

(b) Free-stream Mach mumber, 1.49.

Flgure 14. - Concluded. Control signal from normal-shock-sensing static-
pressure orifice in second-ramp surface. Angle of attack, 2°; left
inlet.
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