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NATIONAT. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF A CONTINUOUS NORMAL-SHOCK POSITIONING
CONTROL. ON THE BYPASS OF A SUPERSONIC INLET IN
COMBINATION WITH THE J34 TURBOJET ENGINE

By Fred A. Wilcox

SUMMARY

A normel-shock positioning control which utilized the bypass of a
supersonic inlet to set the requlred air flow for a J34 turbojet engine
was investigated to Mach number 2.0 Iin the Lewis 8- by 6-foot supersonic
tunnel. A small statlic probe extending from the cowl was used to posi-
tion the normal shock slightliy ahead of the cowl lip and gave subecriticel
inlet operation. Continuous control was provided through a hydraulic
servoactuator.

Continucus control without oscillations was obtained by use of the
pressure signel from the small static probe. Celculated response time
agreed reascnably with measured values. Experimentally determined con-
trol response required to avoid inlet pulsing due to engine imposed dis-
turbances agreed reasonsbly with the computéd value. A backward-facing
total probe provlided e more generally applliceble control signal than the
static probe used.

INTRODUCTION
The princliples of positioning both the normal and the obligue shocks
of supersonic inlets are presented and discussed in references 1 and 2.
These principles were applled to an on-off system ln reference 3 to con-
trol an inlet for a turbojet engine. The inlet spike was posltioned to
have the oblique shock fall slightly shead of the cowl lip, and a bypass
was positioned to obtain critical inlet operation.

Since matching studies indicate that for some turbojet appllications
maximuim thrust minus drag occurs when the inlet 1s operated slightly sub-
critically, the work was extended in the present investigation to obtain
suberitical inlet operation. In addition, continuous control of the by-
pass was provided.
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The same J34 engine-inlet configuration of reference 3 was used,
and tests were made at zero angle of attack at Mach numbers from 1.6 to
2.0 1n the NACA Lewls 8- by 6-foot supersonic wind tunnel. Contrcl re-
sponse waeg lnvestigated followlng manusl displacements of the bypass from

the control ‘position. Additional disturbances on the system were obtailned

by suddenly reducing engine fuel flow and by firing rockets upstream of
the inlet.

Steady-state pressure data for a backward-Ffacing tofal probe lnvesti-
gated as an alternatlive means of determining normsl-shock position are
also dlscussed. B

APPARATUS AND PROCEDURE

The supersonic inlet used with the .J34 engine had a translating 25°
half-angle spike and an adJjustable bypass which could splll as much as
20 percent of the engine air filow. Details of the inlet are glven 1n
reference 4, For the control data presented the spike was positloned to
maintain the oblique shock slightly ahead of the cowl 1ip.

Engine fuel flow was controlled manually throughout the tests. A
schematic diagram of the control system used on the bypess is shown in
figure 1. A small static probe extending from the cowl lip was used to
sense the normal-shock position. The probe was commected to a pressure
transducer which was referenced to & static orifice on the spike surface
3 inches from the tip. The transducer voltage cutput was fed into e
variable-gain direct-current amplifier. The amplifier voltage was com-
pared with a reference voltage, end the resulting error voltage was used
to operate a hydreaulic servomechanism which actuated the bypass. Details
of the backward-faclng total probe are also given on the figure. Steady-
state pressures only were obtained with this tube.

The bypass actuator wes supplied with oll at a pressure of 1500
pounds pexr square inch and was regulated by a pilot valve. This valve
was positloned by the error voltage sc that the rate of bypase travel was
proportional to error (servo input) voltage. Time for full travel of the
bypesas 1s plotted against input voltage in figure 2. Pilot valve posi-
tion is closed at zero volt and full open at about 7 volis.

Figure 3 is a photograph of the normal-shock sensing probe which was
located on the bottom of the cowl and for which the dimensions are glven
in figure 1. Two probes are shown, one of which was used wlth the con-
trol system and the other of which was connected to an automatic pressure
recorder to record stesdy-state pressures.

Translient data were recorded by an optical-type oscillograph using

transducers for pressures and slide-wire positiion indilcators for the by-
pass and splke.
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Dynamic behavior of the control was investigated by manuslly dis-
placing the bypass from its controlled setting &t the midposition to full
open or full closed. Control response was measured for varlous gain set-
tings of the transducer amplifier. In addition, the control was subjected
to changes in engine fuel flow and to exhaust from & 2.75-inch sir-to-air
powder rocket fired 41 feet upstream of the inlet.

RESULTS AND DISCUSSION

The differential pressure aveilable to operate the control is pre-
sented In figure 4 as a function of inlet corrected air fiow. It was
made nondimensional by dividing by amblent static pressure. The air flow
1s corrected to conditions ahead of the bypsss (station 2, fig. 1). The
data shown were taken with an exit plug replacing the engine in order +to
obtain extreme values of alr flow. During the control tests the spike
was always positionped to maintaln the obligque shock slightly ahead of the
cowl lip. Data are included in figure 4 for other spike settings to show
the effect of oblique-shock posltion on the control signal. Also shown
is the theoretical change in the pressure parameter calculated from shock
theory.

At a free-stream Mach number of 2.0 (fig. 4(a)), & sharp rise in
statlc-pressure parameter occurs &as the inlet corrected air flow is re~
duced from a high value to a lower one. This is the condition at which
the normal shock passes the static probe. The value of corrected air
flow at which this happens varies with the amount of supersonic spilllage
and diffuser pressure recovery obtalned with the various spike positions.
The control setting used was selected to be approximately midway along
the steep portion of the curve. For velues of pressure parasmeter above
the control setting, the bypass would open, and for values below, the by-
pass would close. Although the slope of the statlc-pressure perameter
at the control point is very steep, 1t is not vertical. Moreover, the
bypass that is being controlled discherges a maximum of only 20 percent
of the total englne air flow. _

¥ith the spike position used for the control, & dip in the pressure-
parameter curve coincident with the unstable inlet flow was observed.
The sharp drop at a corrected air flow below 19 pounds per second for the
oblique shock inside the cowl is due to the passage of the normal shock
ghead of the cone reference orifice. In genersel, Pair agreement between
calculated and experimentsl values of static-pressure paremeter was ob-
tained when the normal shock was ahead of the probe. The poor agreement
when the normal shock was behind the probe is attributed to three-
dimensional flow effects and probe misalinement with the local flow.

The same trends exist at a free~stream Mach number of 1.8 (fig. 4(b)).

At this Mach number, however, the normal-shock strength (and, conseguently,
the control signal) is noticeably reduced.
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Data for Mach number 1.6 asre presented in figure é(c). Since at
this Mach number a detached wave remained shead of the cowl lip, a grad-
ual rise in pressure parsmeter was obtalned 1n going from supercritical
to suberitical inlet operation. Because of the poor signel, the control
was not operated at this Mach number.

Data points taken at Mach number 0.6 are also shown on this figure.
At this Mach number the control would clase the bypass, or if 1t were
used to positlon the spike as in reference 3, the spike would be fully
retracted. It is believed that the static-pressure parameter would re-
main close to zero for Mech numbers up to 1.33 (the Mach number at which
an oblique shock attaches to the spike).

Data obtalned wlth the backward-facing total probe are shown in filg-
ure 5. As would be expected with supersonic flow at the probe; the pres-
sure measured was considerably lower than the local static pressure.
Moreover, this type of probe appears less sensitive to misalinement with
the flow then the static probe. Because of this fact and the lcocation
away from the cowl inner surface, the backward-facing probe provided &
good control signal even at Mach number 1.6. Because the signal pressure
drops below the reference pressure for supercritical conditions, it is
possible to select .a control setting at a static-pressure parameter of
zerc. In thlis case any need to correct the control setting for chenges
in altitude is avoided. With thls setting, however, the controcl would
be Iinoperative at subsonic speeds. 1In order to cbtain the proper control
action at subsonlc speeds, the control setting must be elther above or
below zero.

Steady-state operating points set by the control for various engine
speeds are superimposed on diffuser performance curves (fig. 6) obtained
from bypass-closed data. The data indicate that, as intended, the con-
trol set slightly subcritical inlet operation (not necessarily the opti-
mum thrust minus drag for this inlet)}. A narrow margin of stable oper-
atlion was obtained at Mach number 2.0 (fig. 6(a)) between the point set
by the control and the region ofunstable flow. No unstable operation
of the inlet was obtalned at Mach number 1.8.

Schlieren photographs 1n figure 7 show the slightly subcrlitical posi-
tioning of the shock during control operation at Mach numbers 2.0 and
1.8, respectively. The normal shock 1s at the locatlon of the probe ori-
fice at Mach number 2.0 and slightly shead at Mach number 1.8. The inlet
mass-flow ratio set by the control for Mach number 1.8 (figz. 6(b)}}, how-
ever, was only slightly less than the critical value.

Control response data obtained by displacing the bypass full open or
full closed from the control point of half open is presented in figure 8.
Response time is defined as the time required for the control to restore
the bypass 90 percent from its displaced position. The control response
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time decreased with increasing sensor gain to a value approaching that
for minimum possible response time or full open position of the pilot
valve. Calculated response was obtalned by using the static-pressure
parameters from figure 4 which would be obtained at the displaced condi-
tion, converting the pressure signal to volts, and using figure 2 to ob-
tain the response. In calculating the response in this way, it is as-
sumed that & constant error signel is obtained until the shock reaches
the control point and then the error signal drops to zero. The slow ac-
tion of the servoactuator relative to the other system lags permits this
calculation toc be made. Reasonsble agreement 1s obtalined between calcu-
lated and experimental response. Control oscillation, as distinguished
from inlet instebility, was not obtalned until sensor gains resulting in
nearly minimum possible response were used.

A typical trace of control operation for a manually displaced sub-
critical operating polnt is shown in figure S(a). The inlet pulsed dur-
ing the time the door was held closed as can be seen from the compressor-
Inlet static-pressure trace Pz - (A1l symbols are defined in appendix
A.}) When the control was turned on, it opened the bypass at a constant
rate except for some lost time due to reversals in error slgnal when the
pulsing normael shock passed behind the probe. It 1ls seen from the signal
voltage trace that during pulsing the normal shock is shead of the probe
for a much greater time than behind the probe. For thls trace about 0.086
second out of a total response time of 0.22 second was lost because of
pulsing. The amplitude of the pulsing, as shown on the pz trace, de-
creased as the bypass opened and damped out after sbout 3 cycles. Re-
sponse time was 0.22 second with very little overshoot. The initial and
final inlet operating points are plotied on the inlet performance curve
in the lower part of the figure.

A trace iIn which the bypass was displaced open and supercritical
operation resulted is shown in figure 9(b)}. Control action is shown by
the long arrow on the diffuser performance curve in the lower half of
the figure. The overshoot into the subcritical reglon shown is the max-
imum obtained during the tests and appears to be due to a combination of
dead time and lag of normal-shock movement behind the engine decelerstion
rather than lag in control sction. It can be noted that the control did
not receive an error signal to reverse the bypass direction until the
overshoot had reached a maximum. The amount of overshoot indicated on
the inlet performance curve of figure 9(b) was calculated from steady-
state data of bypass air flow. The fact that the inlet did not pulse
during the overshoot period suggests that because of lag in normal-shock
movement the calculatlion based on steady-stete air flow may not be ap-
plicable. It is alsoc possible that pulsing did not start because of the
short time In the unstable operating region. Following the overshoot,
the bypass position settled out slightly more closed than its original
half-open position because of a rise in engine speed during the time in-
let operation was supercritical. .
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Control overshoot for manual displacement of the bypass is a rather
complex function of amplifier gain comhined with change in engine speed.
The engine-speed change will depend on the length of time the bypass was
held displaced and upon how much the diffuser pressure recovery was de-
creased by the displacement. The smount of engine-speed change should
be greater for supercritical than for subcritical displacement because
of the greater decrease in diliffuser pressure recovery. It should be em-
phasized that for these transient studies the engine fuel flow was manu-
ally controlled and maintained at a constant value durlng the transient.

In figure 10 control overshoot is presented in terms of percentage
of inlet air flow. Overshoot 1s seen to be greater for supercritical
than for subcritical displacement. The maximum amount of slightly over
4% percent was obtasined for supercritical displacement (bypass open) at
Mach number 2.0 (trace on fig. 9(b})}.

The meximum continued oscillation obtained with the control is shown
on figure 11. Frequency was 10 cycles per second, and the amplitude )
corresponded to sabout 1.7 percent of the inlet air flaw. The amplitude
of oscillation was limited by the dynamics of the hydraulic actuator.

The steady compressor-inlet statlic pressure on the trace indicates that
englne operation would be little affected by control oscillation. Re-
sponse time was greater for this trace than for the trace of figure 9(b)
because of the lower free-stream Mach number. This lower Mach number
resulted in a weaker normal shock and thus a lower error signal.

Disturbances were applied to the control by suddenly changing engine
fuel flow to determine how fast the control must be to avoild inlet puls-
ing caused by englne imposed disturbances. Figure 12 1s a reproduction
of a trace of control actlion at Mach number 2.0 in which the engine fuel
flow was reduced from 2410 to 1110 pounds per hour in 0.2 second. Thise
fuel change would decelerate. the engine sufficiently to put the inlet
into severe pulsing if no action were taken by the control. The sensor
galn used of 0.0014 volt per pound per square foot was experimentally
determined to be approximately the minimum gain at which pulsing could
be avoided for this fuel disturbance. No inlet pulsing was cbserved on
the trace. The required sensor galn was calculated to be 0.0017 volt
per pound per square foot (see appendix B). The resulting calculated
rate of bypass travel is included on the figure. The difference of about
0.2 second between the calculated and experimentally observed curves of
bypass movement 1s attributed to lag in shock movement not considered in
the calculation. Also 1ndicated on the figure is the calculated time at
which the maximum deviation from the control point occcurred.

One other disturbance applied to the control wes that of firing a

powder rocket 41 feet shead of the cowl lnlet with the tunnel at Mach
number 2.0. During the 2-second duratlion of the rocket blast the inlet

5863
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temperature increased and the normal shock oscillated violently. Al-
though the control acted to move the bypass in the proper directlon, the
response was slow in comparison with the rapid rise in inlet temperature
and little benefit was obtained. When the rocket propellaent was con-
sumed, the inlet temperature immediately dropped and the control restored
stable inlet operation.

SUMMARY OF RESULTS

From an investigation of a turbojet englne-inlet installation in
the Lewls 8- by 6-foot supersonic tunnel at Masch numbers of 1.8 and 2.0
with continuous normai-shock control of a bypass, the following results
were obtalned:

1. With the use of a pressure slgnel from & small static probe at
the cowl 1lip, the control set peak 1nlet pressure recovery and, as in-
tended, mass flow slightly less than the maximum value.

2. The time required for the control to correct manually displaced
bypase positions agreed with calculsted values.

3. Experimentally'determined control respomnse required to avoid in-
let pulsing due to engine imposed disturbances agreed reasonably with
the computed wvalue.

4. A backward-facing totel probe was shown to provide & more gener-
ally applicable control signal than the static probe used.

Lewls Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, October 10, 1955
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APPENDIX A
SYMBOLS
The following symbols are used in this report:
Ap flow ares at compressor inlet, 1.98 sq ft
m inlet mass flow, slugs/sec
P total pressure
j ol static pressure
T total temperature
W inlet air flow, 1b/sec
& total pressure divided by NACA standard ses-~level absolute pressure
e total temperature divided by NACA standsard sea-level absclute
temperature
GZ angle between inlet axls and line from splke tip to cowl lip, deg
Subscripts:
b backward-facing total
c cone — D B -
sl cowl-1llp probe
o] free stream
1 cowl 1lip
2 air-flow rekes ashead of bypass
3 diffuser exit or compressor inlet

3863
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APPENDIX B

CAL.CULATTON OF MINTMUM SENSOR GATIN REQUIRED TO AVOID INLET
PULSING DUE TO ENGINE IMPOSED DISTURBANCES

The following calculation applies only to the control system used
and to an inlet having a stable operating region of constant total-
pressure recovery between the control point and the onset of pulsing.

No allowance is made for any lag of the shock movement behind the decel-

eration of the englne.

Because of the stable region obtalned wlth the inlet used, some
error in the controlied diffuser air flow can be tolersted without en-
countering pulsing. This permissible error is i1llustrated in the follow-
ing sketch of inlet performance:

Inlet PulSing‘/—-Control point

5 o
5 a5
WS~
© N
g ~ Permissiblée error in
p.g mass flow without
§ § encountering pulsing
a o
]
H O
B
A

Inlet mass-flow ratio, mz/ho

If a disturbance is introduced, which causes the engine to deceler-
ate, the corrected engine alr flow is reduced. If the control increases .
the bypass air flow as fast as the engine alr flow decreases, no error
in inlet mess flow will be obtained. However, the subcritical steble
margin of this perticular inlet makes 1t possible to avoid pulsing with
8 control sensor gain that sllows the bypass air-flow correction to leg
the change in engine air flow.

Change in englne air flow. - It has been shown that & turbojet en-

gine behaves as a linear first-order system in response to fuel disturb-
ances. For the engine used, the varietion of corrected air flow with

engine speed was alsc linear. The variation of engine air flow in re-
sponse to & step change in fuel flow is then glven by

Avig = Awe,eq(l - e_t/'r) (1)
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where
Ame change in engine air flow from initial value at time +t, lb/sec
AMe,eq change in engine air flow from initial value at equilibrium con-
ditions, lb/sec

t time followlng fuel disturbance, sec
T engine time constant, sec

Change in bypass air flow. - The operating signal for the shock
positioning control used was assumed to be constant for shock positions
ahead of the probe (i.e., for cases where an error occurs). This as-

sumption results in a constant rate of change of bypass air flow, the
value depending on the control sensor galn. The change in bypess air

flow 1s then
dwb
A‘W‘b = _GT:: kil t (2)

where

Amb change in bypass air flow from initial value, lb/sec

d
‘E%E = k rate of change of bypass air flow, (1b/sec)/sec

Error in controlled mess flow. - The error in controlled mass flow
1s the difference between change in engine air flow and change 1n bypass

ailr flow.
-t dwb
E = Avg - Awp = AWe,eq (1 - e /‘)- [E-; k]t (3)
where
E instantaneous error in controlled alr flow, Ib/sec

Differentiating equetion (3) to solve for a maximum yields

Ow 't/T aw
T2 [ﬁ’l‘] (4)
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A maximum error occurs at time t glven by

dw:
b T
dt AMé’eq

Substituting equation (5) into equation (3) gives the msximum error
as .

aw: a &
) ¥h T ¥b
E, Aw -T + T in

ax = “e,eq "7 Fg at Mg oq 4t (6)

From figure 4(a) the controlled corrected air flow at Mb = 2.0 and

el = 42 is 26.1 pounds per second, whereas the corrected ailr flow at

the onset of pulsing is 25.4 pounds per second. These values glve an
approximate permissible error E .. of 0.7 pound per second.

For the trace of figure 12 the change at equlilibrium in engine air

flow Awe’eq corresponding to the fuel-flow step was 3.08 pounds per

second. The value of T observed from the trace was 0.7 second. Solv-
ing equation (6) glves the required rate of change of bypass air Fflow
dw,/dt as 1.80 pounds per second per second. From equation (5) the time

at which the maximum error occurs is 0.625 second.

Calculation of required sensor gain. - The bypass corrected alr flow
Por full-open bypass position was 5.78 pounds per second for the diffuser
pressure recovery for figure 12. The response-time data of figure 8 are
for 90 percent of half travel of the bypass. Bypass air flow for this
amount of travel is thus (0.90)(0.5)(5.78) = 2.60 pounds per second.
Since the required rate of change is 1.80 pounds per second per second,
the response time for 45 percent travel is 2.60 + 1.80 or 1l.45 seconds.
The value of sensor gain for Mach number 2.0 giving this response time
is 0.0017 from figure 8.
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Detail (A) of backward-facing total probe

Backwsrd-facing total
probe (Detail A)
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0.083" diam orifice
Cowl lip

[ !

N

Refsarance
orifice

b

Static probe
(Detail B)

|
Btation 1

i Servoamplifier
| | ,///'-
2 3

Brror
voltage

Sensor amplifisr — Reference voltage

Figure 1. -~ Schematic diagram of control system.
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Time for full travel of bypess door, sec

3.2

2.8

2.4

2.0

1.2

RACA RM E55J10

N

Pilot valve
full open

.

4

6

Servoamplifier input voltage

10

Figure 2. - Time for full trevel of hydraulic servoactuator.
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Figure 3. - Shock-sensing static probe.
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Static-pressure parameter,

2.8

.8

4

-.8

Covwl-position Oblique-shock
parsmeter, position
3 : 6.,
O\ 13
" deg
A (o] 42 (used for Slightly ahead
\ : control} of cowl
PO 36.4 Outside cowl
A 51.0 Tueide cowl
\ A
r.N
— r A\\
(AL PN
Calculated rgx\ge \
for 6y = 42" Unstable \
Lwith use of inlet Open
theoretical / Plow ») } bypass
 local static l
pressure ‘Control B¢ ttim;_
<
¥y Close
/ ‘bypass
z'“
i O
R
=0
—
FAY
10 14 18 22 26 | 30 . - 1
\.'2-\/92

Inlet corrected air flow, g x
2t

(a) Free-stresm Mach number, 2.0.

Figure 4. - Varietion of static-pressure parameter for shock-sensing probe.
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Cowl-position Obligque-shock
perameter, posltion
Gl s
2. : deg
O 45.0 (used for Slightly shead
A control) of cowl
“< <o 38.4 Outaide cowl
oY A 51.0 : Inside cowl
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o 1.2

L
0
°
& -
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g‘ .4}Calculated range for {
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(p) Free-stream Mach nunber, 1.8.
-« Figure 4. - Contlnued. Varistion of static-pressure parameter for shock-

sensing probe.
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Static-pressure parameter,
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Cawl-position TFree-stream Oblique-shock
parameter, Mech number, position
oY) MO
deg
o 51.0 1.6 Slightly sheed
of cowl
O 38.4 1.6 Outside cowl
1.6 A 42 1.6 Outside cowl
a 53.6 .6 Rone
LN
“%
1.2 . NI
sl—g— N, Q
* . . o | A
Calculated range for 91 = 51
—with use of theoretical local oo
static pressure d
4
-4 -
10 14 18 22 26 30 34 38
vav Oz

Inlet corrected alr flow, S—ZA;—-

(c) Free-stream Mach numbers, 1.6 and 0.6.

Pigure 4. - Concluded. " Variation of static-pressure pasrameter for shock-sensing probe.
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.2 RS
3 : Cowl-position Oblique-shock
parsueter, position
ez >
- A% deg
. A o 42 Slightly ahead
;35\ . of cowl
\ < 38.4 Outslde cowl
x A 51.0 Inside cowl
2.4 P\ yag
Unstable k o %
inlet & LN
_ﬁ— flow \ fay \
2.0 H
Calculated range ; \
| for 64 = 42° ‘ N . N
with use of S c,
theoreticeal ya
L.81ocal static
pressure / 0
J
: 7 w
1 [ 4
a 1.2
- A N
$e
3 /
g 8 v
5 24
&
(1]
5
3 4
[h
&
[+ ™
[0}
-4
5 5
-.8 \
\ |
%O
SR
o o]
4 b
-1.6 . -
10 . 14 18 22 v 28 30 34
2VEa

Inlet corrected elr flow, S A
2r

(&) Free-stream Mech number, 2.0.

Figure 5. - Variation of pressure parsmeter for beckward-facing tolal probe.
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Pregsure parameter,
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Cowl-position Obligue~shock
parsmeter, position
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) deg
o 45.0 Slightly ahead
\ of cowl
2.4 < 38.4 Outside cowl
V\Q A 51.0 Ineide cowl
2.0 Q
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ﬂ / \ LN
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-4 Celculaeted range
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10 14 18 - - 22 30 34

Figure 5. - Continued.
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Inlet corrected air flow, —5—23;-

(b) Free-stream Mach number, 1.8.

facing total probe.

Veriation of pressiure parasmeter for backward-
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Cowl-position Free-stream
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Figure 5. - Concluded.

(¢} Free-streem Mach numbers, 1.6 and 0.6.

facing total probe.
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Diffuser total-pressure recovery, P3/PO

HACA RM E55J10
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(b} Pree-stream Mech number, 1.8; cowl-position parameter,
45.0°%; engine speed, 11,028 to 12,018 rpm.

Figure 6. - Steady-state points set by control.
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Figure 7. -

(a) Free-stream Mach mumber, 2.0.

C-4014C

X

(b) Free-stream Mach number, 1.8.

Schlieren photogrephs of shock configuration set by control.
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Response time for 90 percent of displacement, sec

NACA RM E55J10
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Figure 8. - Control response time for bypass displaced half of full

trevel.
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Overshoot, percent inlet corrected alr flow
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(b) Free-stream Mach number, 2.0.

FPigure 10. - Control overshoot for bypass dlsplaced
half of full travel. .
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Figure 12. - Respouse of control at free-stream Mach number of 2.0 to engine fuel-flow

NACA - Langley Field, Va.

Sensor gain, 0.00l4 volt per pound per squere foot (minimum required inm order
to avoid pulsing).
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