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SUMMARY

A study of the feasibility of using sclf-actuating bleed valves as a
shock stabilization system in the inlet of the YI'-12 airplanc has been
made. The candidate stability valve types included vortex valves, slide
valves, and poppet valves. Performance of the valves installed in the
inlet cowl and in the inlet shock trap hleed plenum was predicted using
analytical methods. In addition, the high temperature friction character-
istics of lincar bearings similar to those considered for usec in the slide
valve were measured in the laboratory. Results of the analytical investi-
gation showed adequate steady state flow capacity for only the slide and
poppet type valves located in the inlet cowl. Dynamic analyses showed
that response of the poppet valve was substantially faster than that of
the slide valve. The test data indicated that further development woerk
would be necessary before a satisfacfory linear bearing for the sl'de
valve could be obtained. For these rcasons poppet type valves installed
in the inlet cowl have been selected as the best shock stabilibv—syetem " >°>""°"°»--
for the YF-12 inlet. T -

INTRODUCTION ===

An inlet shock stability system nas been proposed for flight demon-
stration on the YF-12 airplane., The project will be a part of the con-
tinuing NASA research program on the inlet of this aircraft. An initial

feasibility evaluation is to be followed by wind tunnel proof testing on a ]

full scale inlet. Upon successful demonstration of the system in the wind 3
tunnel, one inlet of the YF-12 aircraft will be modified to demonstrate the |

stability system in flight. — 1
i

The stability system will consist of self-actuating bleed valves
located in the inlet nacelle. The valves will open in responsc to the
increase in duct pressure produced by a transient excursion of the inlet
terminal shock forward from its steady state position. As the valves open,
inlet bleed air will be diverted overboard, thereby increasing the stability
range of the inlet. The valves will close when the transient disturbance
subsides and the shock retreats to its steady state position.

To determine the feasibility of such a system, an analytical cvalu-
ation of scveral inlet shock stability valves has becen made. The candi-
date valve types included vortex valves, mechanical slide valves, and
mechanical poppet valves. Installation locations in the inlet cowl and in |
the inlet shock trap bleed plenum were considered. An enlarged shock |
trap bleed entrance was considered in addition to the present configuration.
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Installation studies determined the number and size of cach lypec
of valve which can be installed at cach of the locations. Maximum
stcady stafe flow rates through cach combination were cestimated,  Ana-
lytical dynamic models of the most promising configurations were then
constructed and the dynamic responsc determined.

Friction data were obtained from an overboard bypass door assembly
having lincar bearings similar to those which would be used on the slide
valve. Data werc obtained with transverse loads ranging from 0 to
2240 newtons and at temperatures from 294 to 664 degrees kelvin.

STABILITY VALVE CONFIGURATIONS

Principle of Operation

The YF-12 airplane has a translating centerbody, axisymmetric,
mixed compression inlet as shown schematically in Figure 1. Cowl
bleed removed from a shock trap bleed at the inlet throat is exhausted
overboard through the secondary passage of the engine nozzle. Bleed
from the porous centerbody is exhausted overboard through the center-
body support struts. A yariable overboard bypass is located aft of the
inlet throat as indicated in Figuve 1.

Two locations have been proposed for the installation of shock
stability valves. One is in the cowl bleed plenum and the other is just
forward of the inlet throat as shown in Figure 1. In either case, the
self-actuating valves sensc an inlet flow instability as a rapid increase
in pressure. The increase in pressure causcs the valves to divert inlet
air overboard, thus preventing the instability from unstarting the inlet.

Vortex valves and seclf-acting mechanical valves have been investi-
gated for this application. The operational featurcs of vortex valves
designed for use in supersonic inlets are discussed in Reference 1.

Two types of self-acting mechanical valves have also becn considered: ——

5 aLido valve and a poppct type valve. The method of operation of these
valves is discusseced below.

1. Slide Valve with No Overboard Bleed - A schematic diagram
of a piston actuated slide valve is shown in Figurc 2(a). Two bleed
plenum arrangements have been considered.  One has three plenums,
denoted Bl, B2 and B3 in Figure 2(a), with the pressurce in D3 acting
as the driving force on ‘he piston. The other has four plemums, Bl
B2, B3 and B4 as shows in Figurc 2(a), with the pressurce in plenum
B4 acting on the piston. The configuration studied initially had three
compartments. Analysis showed Lh,__é‘jm decreasein-pressurc inBi—

due to flow throush the valve prodi.cd-anapidessss Si=

travel. Conscquently, the final configuration caploys four plenuis, 1
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‘ To operate the valve without overboard bleed, orifice No. I is not
, used. The valve is held in the closed position by a spring located behind
' the piston. If the pressurc in the aft bleced plenum increasces rapidly,
the resulting pressurce differential across the piston forces the piston to
open. As the piston moves, it covers orifice No. 2 leaving plenums G
wnd H scaled except for leakage around the piston. The valve will remain
open until the pressure in the aft bleed plenum decrecases or until the
pressurc in plenums G and H rises sufficiently due to piston leakage to
allow the spring to force the valve shut. If the valve is open when the PR
bleed plenum pressure returns to its original value, the piston will begin
to close. When this happens, the pressure in plenum G will decrease
c1051ng the dampm valve between plenums G and H. Now the valve closing
per valve and the valve closes slowly as air
WG through orifice No. 3. The closing
rate can be adjusted by changing the size of orifice 1\Io. 3. When the
valve reaches its full closed position, orifice No. 2 is exposed allowing
the plenum pressures to equalize again. The valve will not respond
properly to another rapid pressure rise until these pressures are equalized.

2. Slide Valve With Overboard Bleed - When an overboard orifice
(orifice No. 1) is added to the configuration described above and shown in
Figure 2(a), the valve operation exhibits the following differences. Orifice %
No. 2 is sized so that when the valve is closed, the pressure in plenum G
is approximately 0. lN/cm2 less than the bleed plenum pressure acting on
the piston. The valve is held shut by a spring. When the bleed pressure
rises rapidly, the piston moves and covers azifice=No.—2 Piston_leakage
increascs as a result of the bleced pressure increase. However, orifice
No. 1 can be sized to provide an overboard flow rate equal to the flow |
rate into plenum G when the aft bleed plenum pressurc riscs just sufficiently 4
to produce full vaive opening. For bleed pressure changes equal to or
greater than ‘h’s amount, the valve will remain fully open until the blecd i

|
|
|
1

pressure decreases. Pressure changes less than this which produce only
partial opening may be followed by valve drift toward the open position as
the pressure in plenums G and H decays.

The original configuration used a damper (orifice No. 3) to reduce
the maagnitude of oscillations incurred during valve closurc. Subsequently,
the valve friction was found to be higher than originally assunied and the
additional damping force made the damper unncccssary. The piston-
operated valve with overboard bleced was selected as the final configura-
tion for the slide valve.

3. .. Valve With Bellows - A schematic diacranm of a bellows-

sc
operated slide valve is shown in Figure 2(b). The forward face of the !




actuating pisfon is exposad to the blead plenum pressurc in the aft com-
partment, The rear face is exposced to ambicent pressurce outside the
nacelle on the outside of the bellows and engine face static pressure on
the inside of the bellows. Because the supply lincs to the rear of the
piston arc large relative to the leakage arca around the piston, the
operation of this valve is essentially independent of piston lcakagc. The
ratio of the bellows and piston arcas is set to match the pressurc levels
of the threec pressures acting on the piston. The damper valve and
orifice serve the same functioiametismain the valve shown in Figure 2(a)
and, with adequate friction levels, may be omitted.

This valve will remain open as long as the pressure increasc in
the aft bleed plenum persists. Upon termination of the bleed pressure
transient, the valve is ready to respond to the next onec. One of the
major disadvantages of this configuration is its reliance upon accurately

known and consistently available rcference pressures

4. Poppet Valve With No Over'f_a-_oard Bleed - A piston actuated
poppet valve is shown in schematic form in Figure 3(a). To operate
the valve without overboard bleed, orifice No. 1 would not be used.
Orifice No. 4 is required in order to allow some leakage from the ple-
num B into plenum G. Otherwise, during a prolonged pressure step in
plenum B, the air in plenum G would leak out around the piston and the

valve might get ''stuck' open. The operation of this valve is the same
as that of the slide valve with no overboard bleed. The same two limita-
tions apply: the valve will drift closed during a long duration bleed
pressure step, and d#=will_not respond properly to a succceding transient

entil the pressures in plenums B, G and H have equalized. The original ..

configuration used the orifice daraper No. 3 to provide damping during
valve closure. Subsequently, an adjustable mechanical friction damper
on the poppet stem replaced the orifice damper.

5. Poppet Valve With Overboard Bleed - The addition of orifice
No. 1 (Figure 3(a)) produces 2 system which opecrates in the sai: ©
manner as the slide valve with overboard bleed. This valve, with the
stem-mounted mechanical friction damper, was selected as the final

configuration for the unshielded poppet valve.

6. Poppet Valve With Bellows - A schematic diagram of a hellows-

operatced poppet valve is shown in TFigure 3(b). The principle of opcration,

the advantages and disadvantages are the same as for the bellows-
operated slide valve. Since a cowl installation requirces valves at two
axial positions, it is nccessary to use different size bellows for the
corresponding valves to accommodate the differences in bleed plenum
pressurc,
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7. Poppet Valve With Overboard Bleed and Flow Shicld - A
modified version of the poppet valve for use in a g:\;f"fn;_t’;ﬁl-aﬁ.on is
shown in Figurc 4. A poppet flow shicld is usecd here to allow the
poppet to be driven dircctly by duct pressure rather than the bleed ple-
nunm pressure. There are two advantages achicved by the shield: (1)
acrodynamic forces due to airflow arc minimized, and (2) the driving
pressure does not decreasc drastically duc to opcning of the valve.
Furthermore, it becomes possible to actuate the forward row of valves
with air ducted forward from a pickup location further aft in the duct.
This permits fastcr actuation of the forward valves when the duct pres-
sure starts to increase just forward of the throat as the shock moves

forward.

Since this valve concept appcared to be the best of thosc investi-
gated, more design refinements were made to the design than to the
ones shown in Figures 2 and 3. For example, Figure 4 shows an
additional orifice (No. 4) which was added to the poppet stem. This
orifice prevents the pressure above the poppet from bleeding down too
far when a small increase in duct pressure moves the piston across
orifice No. 2. This ensurcs tha complete valve closure is always ob-
tained when the inlet transient disturbance subsides. T |

Assembly and Installation Layouts

As part of the shock stability system feasibility study, assembly
and installation layout drawings have been prepared. These drawings
show the alternate configurations and installation locations which have
been investigated. Because of the large number of drawings

in this report, they have been segregated from the figures,

given drawing mumbhexs rather than figure numbers, and placed at the ‘
end of the report following the figures. Dimensions arc given in TEmtiE"
meters. Since existing detail and assombly drawings of the inlet are
dimensionad in inches, some of the important centimeter dimensions in
this report are followed, in parenthescs, by inches. All design work

was done using the inch as the unit of measurement. i

1. System Schematics - Drawings 1, 2 and 3 arc systcm sche-
matics of the recommended installations for the slide valves, unshiclded
poppet valves, and shielded poppet valves, respectively.  The valves are
located in the cowl just forward of the inlet shock trap. DBoth the inlets
to and the exits from the poppet and slide valves arc compartmented
axially and circumferentially.  All valves exhaust overboard through
Fach of the slide valves is connected to a large common

louver cxits.

plenum as indicated in Drawing L. Each of the forward poppet valves
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is connccted to a common plenum and cach of the aft poppet valves is
connected to another common plenum as shown in Drawings 2 and 3.

In cach of these plenums, there is an adjustable overboard orifice.

The slide or poppet valves can be closed manually by actuating a solenoid
“alve which admits high pressure air into the valve plenums.,  The high
pressurc air isTobtained from ram scoops located in the inlet duct just
downstream of the throat. Installation layouts for full-scale and thrce-
gquarter scale vortex valves are shown in Drawings 4 and 5, rcspectively.

2. Slide Valves -

a. Drawing 6 shows a precliminary slide valve assembly and
its installation in the cowl.

b. Drawing 7 shows the installation of twenty-four slide valves
in the shock trap plenum. To facilitate flow around the valve end, the
shock trap exit duct was shortened slightly, adjacent to the duct wall.

c. Drawing 8 shows the installation of the slide valve in

the cowl. Changes or additions to Drawing 6 are: : =

e Number of valves increased from 24 to 25.
e A proposed typical louver box over each valve.
e Duct wall perforation details.

3. Poppet Valves - In the initial concept of the poppct valve, bleed
flow pressure losses in valve entry ports brought about a substantial
degradation in valve performance. The design was revised to allow bleed
plenum flow directly into the poppect area. Two designs resulted. The
first used restrictor check valves for damping and the second used light
friction devices.

Drawing 9 i5the original version and Drawing 10 is the final
version of the unshielded poppet valve. The shielded version is shown
in Drawing 11. Drawing 12 is the original version and Drawing 13 is the
final version of a bellows-operated poppet valve.

Drawings 14, 15 and 16 chow installations of the poppect valves in
the cow! SRIFKSEK trap blecd plenum. The original installation of the
valves at these two locations is shown in Figure 14. Space requirements
dictated a reduction in size of the forward valves. Since a rcduction in
flow capacity was undesirable, subscquent work was dirccted to increasing
the size of the forward valves. The final cowl installation for thce poppet
valves, Drawings 15 and 16, uscs valves of the same height at both the
forward and aft positions.

3 e




Drawing 1% shows the placcement of the twenty-five valves around

the nacelle.  The outboard chine shown here would be present on the
airplanc installation, but not on the wind tunnel niodel.  Drawing 15
also shows the dé@lwallperloration details and the plumbing which con-
nects cach valve with its reference pressurce plemum, Details of the
exit louver box arce shown in Drawing 10,

4, Wind Tunncl Valve Actuator - Drawing 17 shows the proposed
arrangement of an clectrically operated bleed valve system for usc in a
wind tunnel test. This system could be uscd to remotely vary the over-
board bleced flow rate in order to determine how nwch stecady state bleed
flow is requircd to prevent adverse recirculation cffects through the porous

cowl wall,

5. Variable Overboard Orifice - Drawing 18 shows the proposcd
design for the variable overboard orifice required at each valve plenum,
and its installation in the skin of th& nacelle.

6, Bleed Shut-Off System - Drawing 19 shows the pneumatic sys-
tem required to hold the bleed valves closed on command from the cock-
pit or from outside the wind tunnel.

7. Centerbody Perforations - Drawing 20 shows the perforated
centerbody skins. They are replaceable by a set of solid skins to re-
turn to the original bleed configuration.

PERFORMANCE ANALYSIS

Design Pressures

1, Internal Pressures - The valve designs arc bascd on internal
cowl pressurc distributions obtaincd from NASA/Lewis full-scale wind
tunnel tests of the YF-12 inlet. The data used are shown in Figures 5
through 8.

Flight test data were used to define conditions in the shock
trap blced since these properties depend upon the engine cjector character-
istics and nacclle leakage. For flight at the design Mach number, it was
determined that the total pressure recovery of the shock trap bleed is
0.27 and the bleed mass flow ratio is 0.08.

~l!
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2. xternal Pressurces - Since the bleed valve flow will be dis-

charged overboard through louvers, it is necessary to know the cxternal
pressurce on the nacelle to size the valve oxit louvers properly.  Data
from a recent NASA/Anics wind tunnel test of a 1/12-scale airplanc model
define these pressures. The results are shown in Figurces 9 through 20,
Figure 9 identifics the circumferential orjentation of the symbols appcaring
in Figurces 10 through 20. I'rom these curves, it is scen that the lower
inboard side of the nacelle is the only region cxpericncing unusually large
positive pressurcs during high angle of attack conditions.

Inlet Bleed Characteristics

1. Porous Bleed Recirculation - According to the data of Figure 60,
there is a significant variation in the cowl static pressurc ahead of the
inlet throat. If this region is perforated, with a plenum bencath the
perforations, a rccirculation flow will ensue with flow cntering the ple-
num where the duct pressure is ligh aud reentering the duct in the forward
region where the pressure is low. An arfilysis of the rccirculation was

made assumirg, as a first approximation, that the recirculation did not
affect the duct pressure disteibubion. The data of Reference 2 were used
to define the characteristics of flow from the duct into the plenum. The
results are summarized in Figures 21 and 22. The data of References 3
and 4 were used to estimate the flow from the plenum back into the duct.
The results were approximated by the correlation shown in Figure 23.
Figures 21, 22 &fd 23 were used to determine the match point at which
the flows entering and leaving the plenum were equal., The match point
is shown in Figure 24.

The analysis indicates a recirculation mass flow ratio of about
2 percent. A one-dimensional analysis of the blockage effect of the flow
emerging from the front of the porous bleed region indicates that this
quantity of flow will restrict the duct flow to the extent that the minimum
aerodynamic area will occur several inches upstream of the minimum
geometric area.

Although recirculation of this magnitude would undoubtedly alter
the duct wall static pressure distribution, it is apparent that a nonflowing
bleed region of this length will have potentially adverse recirculation pro-
blems. Similarly, circumferential pressure variation, an example of
which is shown in Figure 25, can induce recirculation problems. Con-
sequently, it is recommended that cowl porous bleed regions forward of
the shock trap be compartmented both axially and circumferentially.

P ST TS0 PSS YU



A comparison of Figures 6 and 24 shows that the computed
match point bleed plenum pressure is closce to the mean value of the
cxternal static pressurc on the porous region.  Conseguently, for
determination of plenum pressures for the cases ‘v which e bleed was
compartmented axially, it was assumed that the plenunm pressure with
bleed valves closced would be approximately equal to the mean duct pres-
surc cxcrted on the porous wall supplying air to the plenwm, [

2. Shock Trap Flow Characteristics - Steady statc shock trap
match point flow rates and reccoveries are available from both wind
tunnel and flight test data, However, no inlet data is available for the
casc wherc the terminal shock is in an cquilibrium position ahecad of the
shock trap. Consecquently, the performance of the shock trap bleed under
these conditions has been estimated using wind tunncl data obtained during
a Lockhced test of various bleed configurations in a simulated inlet. Some
of the results are shown in Figures 26 and 27. Figure 26 shows a shock
trap bleed very similar to the present airplanc bleed while Figure 27 is
for the same configuration with the streamwise opening enlarged by 55
percent. The curves show the mass flow vs. recovery characteristics of
the bleeds for various terminal shock positions. Shock position is
measured by the wall static pressure level at a point upstream of the
bleed as indicated on Figures 26 and 27. The-reference mass flow, wToTAL
is the calculated tunnel flow rate ahead of the bleed,

To match flight test data, it is necessary that the total pressure
recovery of the shock trap bleed be 0.27 and that the mass flow ratio
be 0.08. The data of Figure 26 indicate that for supercritical
inlet operation, these match points can be attained if we let
WrOoTAL/Wo = »708. This method of matching the bleed test data with
flight test results has been used to define the operating characteristics of
the shock traps.

Steady State Valve Performance

1. Vortex Valves - Flow characteristics for a variety of vortex
valve installation designs with a wide range of operating conditions were
examined to determine optimum performance available with this typc of
valve. Data for the high capacity, compact-values—described. in Reference 1
were used for this analysis. This reference developed two scts of flow
characteristics for vortex valves: onc based on test data from a sct of
onc-sixth scale valves, from which a 'reccommended design' was developed;
the other defined from actual flow characteristics of a full-scale valve built
to the recommended design--referred to as the 'full-scale test' data.
These two data sets were sclected as limiting performance curves for the
probable range of flow characteristics cxhibited by vortex valves of this
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desipn,  The "recommended desipn'' performance curve shows a much
steeper radial flow pain neav the cutoff condition than the "full-scale

test" curve, indicating preater performance potential (Jarger bleed flow _—
increase with rise in bleed pressurce at optimum nozzle pre.osu re). The
more lincar f(low characteristics of the "full-scalce test" curve, however,
indicalc greater stability when subjected to off-design operating conditions.

The number of vortex valves that can be used and their size is
limited by the space available for installation insthe.cowl..and. shock. trap.
areas of the nacelle. The maximum practical valve size is 3/4-scale,
bascd on full-scale dimensions of the pecommended design''.  Since
valve outlet flow varics as the orifice arca, or as the squarc of the scale
factor, flows for 3/:=scalc valves arc approximately 56 pe~cent of full-
scale valve flows under the same operating conditions. A tutal of 96 valves
with a total flow arca of 310 cem? can be installed in cach arca. The
valves in the cowl arca ¢an be separated into two sets of 48, denoted
the forward and aft cowl valves. Each set reacts independently to dif-

ferent local bleed pressurcs.

The vortex valve installation design assumes that valve outlet flow
dumps_intg an cxhaust plenum which exits to ambient through a_sgct_of
louvers. A nominal louver ecxit area of 6.45 cm? per valve igzd
The louvers back pressurc the valves slightly as blecd flow iferFases,
but changes in valve outlet pressurc are accounted for in the flow
characteristic curves.

= %;—'?ﬁﬁ ack,

Flow analyses for an installed vortex valve were performed to
determine the effects of variations in valve design and in opcrating
pressures. Performance of the valve is defined as the increment in blecd
(radial) flow for a given incrcase in blced pressure at a constant vortex
nozzle supply pressure. Blecd leakage flow is defined as the blced flow
at normal opcrating bleed pressure. Leakage flow can be zero if the
valve is operating at the—cutoff condition. Optimized performance for a
valve occurs at the nozzle supply pressure ¢r,» which bleed flow incre-
ment vs. blced pressutvce rise is maximizcd while leakage flow is
acceptable. —

Ppeee e
.

A simple computer program was written to analyzc valve performance
while varying design and operating parameclers over a wide range. The
paramecters varicd include louver exit arca, valve scale, valve design, and
nozzle supply pressurce. The valve configurations arc indicatced by three
designators: the scale (relative to the full-scale valve described in
Reference 1), louver exit arca (cmz), and valve design. The "RD'Y design
rofers to the "recommended design' and the "FST'" design refers to the
"full-scale test' valve., Valve performance and leakage flows were calcu-
lated for incrcases in bleed pressurce up to 50 percent above normal.

10 ‘ oo . 1




The flight condition assumed was Mach 3+ at cruise altitudae, Norimal
opcerating bleed pressures of 2.38, 2.93 and 3.77 N/cmd woere assuined
to cover the probable pressure range in the forward nacelle arcas.

Results of varying louver cexit arca are shown in Iigurcs 28 and 29.
A 3/4-scale va ve with "rull-scale test' {low characteristics is assumed,
Figure 28 presents the bleced flow ircrement for a 20 percent incrcase in
bleed pressurc for threce oxit arcas. Iigurc 29 shows leakage flow at the

three typical blced pressures. All flows increcasc with greater cxit arca _

because of reduced bhack pressure at the valve outlets. Figurce 28 shows
that optimum valve perfermance occurs at a definite nozzle supply pres-
surc for cach design or operating condition, and performance is fairly
sensitive to nozzle pressurc variationgscar this peak., Leakage flows
shown in Tigurc 29 decrcase sharply as nozzle pressurc increases until
the cutoff point is_reached. These arc typical operating characteristics

for vortex valves.

Figure 28 also shows that optimum nozzle supply pressure increases
slightly for larger exit area. Therecfore, . if highez=nozzle pressures are
available, greater flow increments can »c obtaingd=hy—mereasing exit
arca. Leakage flows would not increase siguificantly because the effect
of higher nozzle pressure almost balances the effect of greater exit area.
Because of space limitations and design considerations, a louver exit area
of 6.45 cm? per valve was selected as a basic design for further para-

metric comparisons.

Figures 30 and 31 show differences in performa{nce and leakage—for.
the two flow characteristic curves. The "recommended design'' valve
almost doubles the peak bleed flow increments indicated for the ''full-
scale test' valve, although peaks for both valves occur at the same nozzle
supply pressures. Leakage flows are significantly lower for the ''recom-
mended design' valve near optimum nozzle pressures. The steecpngss of _
the flow curves indicates much greater sensitivity to nozzle presedre—mu—
variations for the "recommended design'' valve.

Figure 32 presents a summary of optimized performance and leakage
for the different valve configurations examined. The data arc presented
for the range of normal operating bleed pressurc, and assumec that nozzle
supply pressurc is adjasted to yicld peak bleed flow increment. Figure 33
shows the same comparison on a percentage basis, using the 2/4-scale
ngall-scale test! valve design with 6.45 cm? louver arca as a base. The
Npecommended design'' flow characteristics indicate by far the highest per-
formance and lowest leakage flows. Increcasing valve scale from 3/4 to
7/8 (a 35 percent area increase) yields the expected scaled up increases
in bleed increment and leakage flows. Increasing louver arca yiclds a
small increasc in performance with little change in leakage flow, as CX-

plained above.
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The offeets of off-desipn operation are shown in Figures 3% and 35.
For a 10 percent increasce in nozzle supply pressurce above the optimized
value, Dbleed flow increment drops by approximately 30 percent for all
valve configurations. For a 10 percent decrease in nozzlc pressurc, per-
formance drops about 10 percent for '"full-scale test'" valves and ncarly
four times that amount for 'recommended design' valves. The percent
changes in leakage flow (Figure 35) show approximately double the sensi-
tivity to nozzle pressurc variation for valves with '"recommended design'
flow characteristics. These figurcs emphasize the importance of con-
sidering the effects of off-design opecration when choosing between vortex
valves and other type valves, or even between vortex valves with different
flow characteristics. Under conditions where nozzle supply pressurc may
not be well defined and consistent, a large tolerance must be placed on
the design performance of vortex valves of this type.

Figurc 36 presents the installed performance and total flows for
Yyecommended design' valves operating at optimum nozzle supply pressures
Flow increment with incasease—in bleed pressure up to 50 percent is shown
as a percentage of inlet capture airflow for the threc separate valve instal-
lations. Valves are 3/4-scale and louver area is 6.45 cm?., The maxi-
mum total bleed flow increment for cach set of 96 valves operating in the
cowl and in the shock trap arcas is less than 2 percenﬁ total airflow
for a local bleed pressvre rise of 50 percent. The total leakage mass
flow ratio is approximately .002 at either location. The drag
penalty charged to the leakage flow was computed by
assuming full ram drag, i.e., the -rag coefficient based on inlet capture
area is twice the bleed mass flow ratio based on inlet capturc arca. At
both the cowl and shock trap plenum locations, the leakage drag coefficient,
based on wing refercnce areca, is less than .00005.

2. Slide Valves - The bleed flow rate through slide valves installed
in the cowl is a function of duct Mach number (i.e., shock position) and
valve position. The relation between shock position and duct Mach number
is shown in Figurc 37. The supersonic Mach numbers were computed
from the data of Figure 6. Mach numbers bchind the terminal shock were
computed by normal shock theory. A lincar variation in Mach number
was taken between the valuc at the normal shock and an assumed value of
0.95 just ahcad of the throat. The mean duct Mach number at each of the
separate bleed compartments (tabulated in Figurc 37) was uscd in flow ratc
computations.

The slide valve exit louver flow characteristics, based on test
data, arc defined in Figure 38. Stcady state flow characteristics of the
slide valve arc shown in Figurces 39, 40 and 4! as a function of bleed
plenum pressurc for the noted values of total pressure at the louver exit.
The louver flow rates shown in Figure 38 were matched with those in
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Tgures 39 through 41 to give the performance of the valyre/louver com-

bination. At higher bleed plenum pressurcs, the flow was assumed
chaked_ at the louver exit when the valve was completely open or choked
in the valve slots when the valve was partially open. The minimum area
in each fully open valve slot and in cach exit louver slot is 89.6 cm”,

Flow rates throuch the valve/louver combination are plotted in Figures 42
and 43. Also shown on Figurcs 42 and 43 are flow rates through the duct

wall perforations. The data of Reference 2 were used to define the flow

characteristics from the inlet duct into the bleed plenums.

Figures 42 and 43 may.also be used to find the steady state flow
through slide valves installed in the shock trap bleed plenums. In this
case, the bleed plenum pressure shown in Figures 42 and 43 would be
the shock trap plenum pressure and the perforation flow rates would not
be pertinent.

It should he noted that the flow rates shown in Figures 38 through
43 arec those through 24 valves, but through only one of the three rows
of slots. To determine the total flow rate through 24 valves installed in
the shock trap plenum, the mass flow ratio shown in Figures 42 and 43
would be tripled. To determine the flow rate throughe slisle-valves installed
in the cowl, Figures 42 and 43 would be entered three times with the valve
position (identical for all three) and the duct Mach number (different for all
three--obtain from Figure 37). The summation of these three mass flow
ratios is the flow through all three slots of 24 valves. Since the number

—__ __of valves installed in the cowl is 25, the summation should be multiplied

by 25/24 to obtain the total flow through 25 valves.

Leakage flow rates with the valves completely closed were estimated
by assuming clearances of 0.008 cm and a leakage path 0.318 ¢cm long by
58.4 cm wide for each valve. An iteration procedure was usecd to match
the leakage flow with the available pressure differential across the closed
valve. The drag penalty charged to the leakage flow was computed by
assuming full ram drag. The total leakage mass flow ratio through all
the valves was less than .0003 for installation in cither the cowl, shock
trap plenum, or the plenum of an cnlarged shock trap bleecd. Thec cor-
responding drag coefficients, based on wing reference arca, were less than
. 000006,

3, Unshiclded Poppet Valves - Steady state flow rates through the
unshielded poppet valves were computed using the methods described above
with appropriate valucs for the physical dimensions involved., Thc minimum
area in cach fully open valve is 53.7 cm®.  The relationship between shock
position and duct Mach number at free stream Mach numbers of 3+ and
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2.47 is shown in Figurcs 44 and 45. Flow characteristics of the valves
and exit louvers arc shown in Figures 46 and 47. Match point flows for
a total louver arca of 1858 cm® arc supcerimposed in Figures 48, 49 and
50 on flow rates through the duct wall perforations. Flow matching dcter-
minations similar to these were also made for other exit louver arcas.

On the basis of thesg results, which are summarized in Figure 51, an
exit area of 1858 cm” was chosen as a minimum design requirement and
was used in subsequent flow rate computations.

Figures 48, 49 and 30 may also be used to find the flow rate through
poppet valves installed in the shock trap plenum. The bleecd plenum pres-
sure shown in these figures would represent the shock trap plenum pressure
and the perforation flow rate curves would not be applicable for this case.

Note that the flow rates shown in Figures 46 through 51 are those
through 24 valves. The total flow through the 48 valves installed in the
shock trap plenum is twice that obtained from Figure 48 or 49. Flow
through the forward and aft poppet valves installed in the cowl is determined
from Figures 48 through 50. Since there are 25 valves at each of two
stations in the cowl, the values obtained from Figures 48 through 50 should
be multiplied by 25/24 to obtain the flow through 25 valves.

Leakage flow through the poppet valves in the completely closed
position was computed Dby assuming choked flow through an average leakage
gap of 0.008 cm. Leakage drag was computed by assuming full ram drag.
For installation locations in the cowl, the existing shock trap plenum, or an
enlarged shock trap plenum, the leakage mass flow ratio for all the valves
was less than .0008 and the drag coecfficient based on wing reference area
was less than .000018.

4. Shielded Poppet Valves - The relationships hetween valve position,
bleed plenum pressure and bleed flow rate are the same as those for the
unshielded poppet valves (shown in Figures 48 and 49). However, with the
valve fully open, the minimum flow area in the valve, 47 cm®,is less than
that of the unshiclded valve becausc of the blockage caused by the poppet
shield entry pipe. Flow rates at maximum valve opening may be obtained
from Figures 48 and 49 by using a valve opening Ax=1.987 cm, which cor-
responds to an arca of 47 cm . Leakage flow rate and drag is the samec
as that for the unshielded poppet valve.

Valve Dynamic Performance

1. Computer Simulation - Mathematical models of the slide valve
and poppet valve have been constructed in order to estimate the cffects of
various design parameters on the dynamic responsc characteristics of the
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valves. The models incorporate provisions for considering various valve
configurations. The digital computer simulation provides a time history
of the valve motior resulting from a prescribed tine history of flow
propertics in the inlet duct. The step integration is accomplished as

follows.

The rate of change of pressure in the piston chamber duc to piston
travel, lcakage around the piston, and flow through the various orifices
is computed from the following relationship for adiabatic flow:

rnV-d—l3 + (sz. Wo

P - 13
. + km . ) (kRmE IT1 LA ) =0

ut

mass ofSair in_chamhers above piston

mass flow rate into chambers above piston

where: m
W .

1!

Wt)?lt = mass flow rate out of chambers above piston
v = total volume of chambers above piston

P = piston chamber pressure

TTin = total temperature of air flowing into chambers

above piston
Mass flow rates are based on the estimated piston leakage shown in Figure
52 and the orifice flow shown in Figure 53. The piston clearance para-
meter, h3/L, as defined in Figure 52, was assumed to be 19.6 x 107 °cm
for the slide valve and 1.022 x 108cm? for the poppet valves.

Valve position is calculated as follows:

2
x=x + xAt+ X At
o 2
where: x = valve position at end of time interval, At
X4 = valve position at beginning of interval
b4 = valve velocity at beginning of interval £
X = valve accecleration at beginning of interval

The forces acting on the pistons of the poppet valves arc somewhat
different for the shielded and unshielded versions. Using the nomenclature
defined in Figure 3(a) and letting P be the average pressurc acting on
the cntire lower surface of the popl‘g)cot[? the pressure force acting on the
unshielded poppet is

F = (P -P)
pressure pop G pop

where Apop is the area of the poppet normal to its axis. This can
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be rewr.tten as

F = (P_-P - (P_-P -~
pressure Ty <;)Apop *n pop)ApOF- e
p _ p : . 3 1 . L o ‘t T - N - P

where ( B G)Apop is termed the ''piston' force and (PB Ipop)Apup
is termed the ''aerodynamic' force.
Using the nomenclature defined in Figure 4 and letting P be the

pressure on the bottom edge of the poppet, the pressure force actnL'i;, on the
shielded poppet is

= (P__- - -P
Fpressu.re ( D PCr)Apop (PD edge)Aedge

where (Pp- PG)Apop is termed the ''piston' force and (PD‘Pedge)Aedge

is termed the '"aerodynamic' force.

Similarly, the pressure force acting on the slide valve is

» c = (P -P - F |
pressure = ( B4 G)Apiston aerodynamic |

where the nomenclature is defined in Figure Z(a)'.v The aerod&galmlc R
force here is the axial force on the sliding gate.

The aerodynamic forces, as defined above, have bcen estimated
analytically for the various valve configurations... The . resudtsfor the
slide valve and the unshielded poppet valve arc shown in Figures 54 and
55, For the shielded poppet valve the edge pressure is estimated to be
0.60 times the bleed plenum pressure PB. The aerodynamic force on the
shielded poppet valve, therefore, becomes

= (PD-,60P ) A

aerodynamic B " edge

where the edge area is 4.19 cmz.

For any stability valve ccnfiguration, the acceleration of the rpisteiSeFmts =

may be computed as follows:

o _F. o -F , -F, . -F__
x = piston acrodynamic friction spring
m .
piston
where F_ ., . = friction force
friction ) c
spring = sprlvng orce
. = piston mass
piston
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Two types of transient disturbances were simulated on the computer
to investigate the dynamic responsc of the slide and poppet valves.  One
was an input perturbation in bleed plenum pressure and the other was an
input perturbation in inlet terminal shock position. TFigures 42, 43, 48, 49
and 50 show thc stcady-state relationship between duct Mach numnber, valve
position, and bleed plenum pressure. It was assumed that the valve
response is slow comparcd to the flow responsc through the valves, so
these relationships can also bc uscd as an approximation for transient
disturbances. Duct Mach number is related to shock position as shown
in Figures 37, 44 and 45.

Bleed plenum pressure transicnts consisted of step and sinusoidal
variations. Shock position iransicnts were composed of a relatively slow
shock movement from the normal operating point up to the inlet throat
followed by a rapid movement from the throat to the leading edge of the
porous blecd region on the cowl. With no flow through the bleed valves,
it is estimated that the shock velocity relative to the duct will be about
97.5 m/s by the time the shock reaches the leading edge of the bleed.
The shock moves from the throat to the bleed leading edge in about 6
milliseconds. An arbitrary value of 50 milliseconds was chosen for the
movement from the steady state position up to the throat. These two
components made up the shock position transient used in the computer
analysis. For the case of the poppet valves, the 6 millisecond portion
was further broken down into 4 milliseconds for the aft poppets and 2
milliseconds for the forward poppets.

2. Slide Valves - The physical characteristics used in computing

the dynamic performance of the slide valve are tabulated on Drawing 1.
Response of the slide valve to a 27 percent step in bleed plenum pressure
is shown in Figure 56. Complete opening requires .068 seconds. Shock
position transients are shown in Figures 57 and 58. Complcte opening of
the valve takes longer for these cases because the driving pressure on the
piston builds up more slowly than for the case shown in Figure 56. By
the time the terminal shock has recached the leading edge of the bleed,

the valve is open about 1/4 or 1/2 crm, depending on the altitude. When
the shock reaches this position, it is arbitrarily held in order to ohserve
complete valve opening. Then the shock mwovement is reversed in order
to observe valve closure.

Valve response to large amplitude 10 and 40 Hz oscillations in blecd
plenum pressurc is shown in Figures 59 and 60, The 10 Hz casc shows
a large amplitude valve oscillation out of phasc with the driving pressure
while the 40 Mz case shows ncarly complete damping of the oscillation.
The coffect of adding the fourth compartment to the valve is shown in
Figure 61. A small shock displacement opens the four compartment valve
completely, but the decreasc in bleed plenum pressurc as the valve opens
prevents complete opening of the three compartiment valve.
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Preliminary configurations of the slide valve included one with no
overboard bleed and one with an orifice damper valve as shown in
Figurc 2(a). Duc to piston leakage, the valve with no overboard bleed
will eventually drift closed during a long twration transient such as a
large change in aircraft angle of attack. ~‘the configuration with the
damper valve showed satisfactory dynamic performance. The pritnary
effect of the damper was to incrcase the time required for valve closure.
Both configurations were dropped from further considcration—the former
because of poor angle of attack bechavior and the latter because the damper
did not improve performance enough to warrant the added complexity and

cost.

3., Unshiclded Poppet Valves —The original poppet valve configura-
tion had the orifice damper valve No. 3 shown in Figure 3(a). This
arrangement exhibited two deficiencies, cxamples of which are shown in
Figures 62 and 63. Figure 62 shows that during valve closure a high
frequency oscillation will occur as a result of the spring effect of the
small volume of air trapped above the poppet piston. Figure 63 illustrates
a condition in which the valve will not close completely when the transient
disturbance is removed, again because of the small volume of air trapped
above the piston.

As o result_of these deficiencies, the orifice damper was re-

moved and a friction device was added to the poppet stem as shown in
Drawing 10. Drawing 2 shows the installation of the valve in the nacelle
and lists the physical characteristics of the valve., The performance of
this configuration is shown in Figures 64 through 76. Figures 64 and 65
show that at freestrecam Mach numbers of 3+ and 2.47, the aft poppet valve
will open fully in about .028 seconds following a 27 percent step change in

bleed pressure. Response of the aft poppet to large amplitude 10 and 40 Hz

oscillations in bleed plenum pressurce is shown in Figures 66 and 67. As
in the case of the slide valve, thc 40 Mz responsc is considerably more
damped than that at 10 Hz. However, in the 10 Hz case, the response of
the poppet lags the driving pressurc by only about 90 degrecs whereas in
the case of the slide valve the motion lags by about 180 degrees.

Shock position transients arc shown in Figures 68 through 73.
The performance of the aft and forward poppets at Mach 3+ is shown in
Figures 68 through 71. Although the forward and aft poppets arc Sdentical
in design, the forward poppcets are less responsive to movements of the
terminal shock becausc they do not benefit from a pressure rise preceding
the terminal shock as in the case of the aft poppets (sce Ficurce 44).
Whereas the aft poppets have opened 29 to 51 percent (depending on altitude
by the time the terminal shock has rcached the leading cdge of the porous
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bleed, the forward poppets have only openced about 1 percent, The
usefulness of the forward poppet with this type of transient disturbance
appears simall unless the valve is exposced to a bleed pressurce build-

up considerably greater than the 002 scconds assumed in Figures 70
and 71. However, the forward valves should respond about as well as
the aft valves in the casc of aircraft angle of attack transicFEEwhicic——
build up over a substantially longer period of time.

Response of the aft poppet to a displacement of the terminal shock
at freestream Mach number 2.47 is shown in Figures 72 and 73. The
driving pressure disturbancec in this casc is substantially different than
that at Mach 3+ as is evident by comparing the duct Mach numbers
shown in Figures 44 and 45. At Mach 2.47, there is no increasc in
bleced plenum pressure as the shock approaches the throat and the
change in duct Mach number as the shock passes over the bleed is
smaller than at Mach 3+. The result is that the valve receives a
small pressure impulse which is greatly diminished as the valve begins
to open. The reduced blecd plenum pressurec is not sufficient to hold
the valve open as it did at Mach 3+ (seec Figures 68 through 71).

Large amplitude 17 and 25 Hz oscillations result. Increased friction
forces were applied to the poppet in an attempt to damp the oscillation. ——
The effect is shown in Figure 74. An 8.9N increase in friction pro- ‘
duces acceptable valve motion after 3 cycles of ringing. However, a

friction increase of this magnitude will produce undesirahle cffects at

higher altitudes where the valve driving forees _arc much smafaezx. -

Consequently, the use of friction to damp the oscillations shown in

Figures 72 and 73 does not appecar feasible.

Although Figures 72 and 73 indicate an undesirable instability, they
represent a very unlikely physical situation in that the terminal shock is
forced to remain at the lecading edge of the bleed while the valves oscil-
late. A more reasonable physical expectation is that the inlet will eithcr
unstart completely or elsc restart. The latter possibility has been in-
vestigated, with the results shown in Figurc 75. No instability is cvident.
To further investigate valve damping, a weak bleed pressurc step insuf-
ficient to producc complete opening was applied to the valve. The results,
shown in Figure 76, indicate no instabhility in this case either.

It thercfore appears likely that the poppet valve will be adequately
damped when step changes in bleed plenum pressurce are applicd, but will
be inadequatcly damped in some cascs when step changes in terminal shock
position arc applicd, The shielded version of the poppet valve was designed
to ecliminate this potential problem.




4. Shiclded Poppet Valves - The shiclded poppet valve, shown in
Drawing 11, has the [ollowing characteristics. Nomenclature is defined

in Figurc 4.

Mass of moving poppet 220 kg
Spring precload 13.35 N
Spring_rate 7.01 N/cm
Pl e Bt —slume—pcr valve) 2700, cm?
Poppet friction, dynamic 4.9 N
Poppet friction, static 9.8 N
Area of orifice No. 1 (per valve) .01032 cm2
Area of orifice No. 2 .0710 cm?
Arca of orifice No. 3 .0129 cm?
Arca of orifice No. 4 .0129 cm?
Location of orifice No. 4, A x 1.118 cm
Min. area in ecxit louvers 74.2 cmZ

(per valve)

The response of this valve to scveral types of transient dis-
turbances is shown in Figures 77 through 85.

Figures 77 and 78 show response to step changes in Pp and Pp
(see Figure 4 for nomenclature). Due to flows into and out of the recfer-
ence pressure plenum, the reference pressure Pe may gradually change
after an inlet transient disturbance opens the valve and closes orifice No. 2.
The result is that over a period of time, the poppet may gradually drift
to one of three stable positions: fully open, half.open,.  or fully closed.
An example is shown in Figure 79. A 20 percéﬁ tep-in Py and Pp
produces nearly complete opening after 0,042 scconds. At this position,
air is flowing into the piston chamber through orifice No. 4. At
t =0.54 seconds,_ thezreference pressure has built up sufficiently to over-
cBmo—the- static friction and the poppet begins to close. At t = 0.59, the
- “motion stops because the driving forces are less than the static friction.
At the new poppet position, there is no flow through orifice No. 4 so the
reference pressure will begin to decrease. When this pressure drops suf-
ficiently, the static friction will be overcome and the poppet will begin to
open. Since the lower tap on orifice No. 4 is located at Ax = 1.,118cm,
the poppet will jump back and forth acros: this location over a longer
period of time. In the presence of vibration, the motion would be less
jerky than that shown in Figure 79. The final cquilibrium position wherc
motion would ccase is a poppet opening of about 1.118cm where the flow
rates into and out of the piston chamber are cqual.




Figure 79 shows a fransient disturbance which produces partial
valve opening followed Hy a drift back to the half-open position.  Two
other types of long duration coffects are possible.  First, a wceaker dis-
turbance which produces an inilial opening less than half-open will be
followed by a drift up fo the half-open position.  Sccond, a stronger
disturbance which produces complete opening will not be followed by —
poppet drift since orifice No. 4 will be closed.

Figures 80 through 82 show valve responsce to the terminal shock
displacements indicated in the lower part of the figures. Where the
response of the unshielded poppet differed significantly, it is shown as
a dashed line. Use of the shield has eliminated the instability at
Mqg=2. 47,

Figurcs 83 -and 84 demonstrate the sensitivity of the valve to
w—-pressure oscillations when a prior increase in duct pressure has pro-
duced partial valve opening. The oscillmliens—aresSmroduced by a +.03

variation in duct Mach number after a FOTTEF-—SHOCR_TITOUEHTENt toward
the throat has produced partial opening. -

Response of the valve to single pressure pulses of varying duration
is shown in Figure 85. The valve position shown here is the maximum
displacement produced by the pulse. . In all cases, the valve eventually
closes since the pressure puisc is not recurrent. Below about 2 Hz
the valve shows no response at all because the flow. through_the orifices

into the piston chamber is sufficient to keep the pressur€ differential
across the valve below the value required to unseat the poppet.

Aircraft and—Rropulsion System Flight Performance

1. Propulsion System - The inlet bypass door control modulates
the door positiowm~as required to maintain a scheduled value of the ratio
of pSD8 to Ppr.am where Pgpg is a manifolded duct wall static pressure
just downstrcam of the throat and Ppy,M is an external cowl pitot pres-
sure. Available wind tunrnel data show that substantial reductions in back
pressurc on the cowl shock trap bleed have relatively little effect on this
signal pressure ratio.

The greatest potential effect on signal pressure occurs when
bleced valves arcoused=with—a—poroms—hiced=ahead of the shock trap.
Under these conditions when the terminal shock is just forward of the
porous blccd, substantial quantities of bleed air will be removed by the
valves in addition to the increased flow through the shock trap. If the
signal pressure ratio drops below the scheduled value, the bypass dogr
will be commanded to a closed position. Bypass closure could avgravate
the condition which was causing the shock to be forward.
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To examine this possibility, a simplified onc-dimensional analysis
of the duct flow was made assuming that a normal shock stood at the
leading edge of the porous bleed region.  Pgpg was assumed to he cqual
to the theoretical static pressure at the cowl station location of the Pspg
ports. Py, was obtaincd from wind tunnel data, assuming that the
overboard blecd flow did not affect this pressure. With 20 percent over-
board blced the computed signal pressure ratio Pgpg/ Ppi,m was 1.96
_and with 10 percent bleed, it was 1.81. The commanded signal pres-
surc ratio is 1.56 at 6 degrees aircraft angle of attack and 1,45 at
4 degrecs. The analysis, therefore, indicates that the bypass door will
be commanded to open when the terminal shock is forward and the bleed
valves are open, thereby aiding the shock reswallowing process.

2. Aircraft - Tigure 86 shows the estimated effect of a complete
and sustained opening of one nacelle's shock stability valves on aircraft
motion at cruise altitude and Mach number. When the valves are fully
open, a 30 percent loss of thrust occurs along with aerodynamic effects
due to bleed air flowing over the wing. The aerodynamic effects were
estimated from forward bypass door data. For the case shown, no pilot
inputs or autopilot inputs were used to correct the right roll which builds
up-to. 80 degrees in six seconds. However, the stability augmentation
system (SAS) did command four degrees left roll control (maximum roll
authority for SAS) and sufficient yaw control to limit sideslip angle to a
maximum of 1.5 degrees. Due to uncertanties in estimating the effects
of- opening the shock stability valves, the aircraft response shown is
probably more violent than an actual case would be. Also, in the case
shown, the valves are—assumed—to—be—open—{for the entire time of the
response. If the valves were open for a shorter period of time, the
response would be less violent. The case shown here is considerably
less violent than an inlet unstart at the same flight condition and would

be controllable using pilot inputs which are well within the aircraft control

- capabilities.

SLIDE VALVE BEARING TEST

Apparatus and Procedure

In order to determine the friction characteristics and life span of
lincar becarings representative of those proposed for the slide valve, an
existing bypass door assembly was tested in the laboratory. This door,
supplied by NASA Lewis Rescarch Center, ran on a pair of Schnecherger
lincar bearings. [Each bearing consisted of a series of rollers, spaced
by roller separators and operating in a lincar race. Tusting was conducted
in the oven shown in Figure 87 at temperatures up to 604 degrces kelvin.

Transverse loading onthe door was accomplished by mcans of loading
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blocks as shown in Fipurce 88, The rod extending throupgh the left side
of the oven wall in Tigure 488 was attached fo an exfernal scale used to
record the bearing friction force.  The hydraulic servo installed on the
opposite end of the door asscmbly was uscd to cycle tha-—deaeos All _testing
was conducted without lubrication on the bearings.,  Mueasurcements of static
and dynamic friction were made at six positions along the path of door

travel. Transverse loads ranged from 0 to 2240 newtons.

Ffiction Measurements

Initial tests at room temperaturc yiclded friction coefficients sub-
stantially higher than expected. Investigation showed that, under load,
there was a slight binding or interfcrence between the moving parts.
Conscquently, the bearing shim thickness was increased in steps from
the original value of 0.023 cm up to a final value of 0.051 cm at which
point no further interference was apparent. Friction=msseasurements at
room temperature yielded the results shown in Figure 89. The [riction
cocfficient is the ratio of the friction force to the transverse load.

High temperature tests wcre then conductced with the oven filled
with carbon dioxide. Prior (o heating the door was cycled briefly at !
1 Hz by the hydraulic servo to verify that the actuation systens—was ‘
functioning properly. After a 4-1/2 hour soak period in the heated oven,
the door base had recched a temperature of 664K. Friation was-measured
with all the loading blocks installed. The data, shown in Figure 90,
indicate a substantial increase in friction from the levels measured at
room temperature. With the deor temperature at 670K, an attempt to !
initiate life cycling of the door resulted in a hydraulie—failure—inside—ho——mm————
oven and the test-was terminated.

Friction was measured again when the door had cooled to room
temperature. The data, shown in Figure 91, indicate friction levels
even higher than those measured at 664K. The friction remained high
when the door was unloaded and cleaned of hydraulic fluid condensate
residue. It was noted that the bearing raees—kad=dFseoiored to a dark
blue. Moreover, a ratcheting sound and feel was notcd when the door
was actuated manually with a small transverse load. The bcarings were
therefore disassembled for closer inspection. Figure 92 shows the door
assembly before disassembly. Warpage in the roller separator is cvidesbemmem—n— __
Figure 93 shows the disasscimbled bearing. Although the roller separator
is scvercly distorted, no evidence of contact with the bearing race was
ohsetrved. A slight warpage in the bearing racc was noted ncar the
center of the race and the bearing rollers were scored as though they
had been sliding rather than rolling.

N
S}




DISCUSSION O RISSUILTS

Steady State IFlow Comparison

The cstimated flow rates throush the shock stability valves have
been added to the calculated engine cjector sccondary flow and super-
imposed on the shock trap flow characteristics in IFigures 94 and 95,
These two figures define the stecady state performance of the three types
of stability valves in the biced plenums of the present and the enlarged
shock traps. The steepness of the curve of ejector plus slide valve or
poppet valve flow in contrast to the much shallower slope of shock trap
flow indicates that attempts to increasc nacclle sccondary flow arca or
valve cxit area arc not worthwhile. because the potential increase in
bleed flow is very small.

The steady state flow rates through fully open stability valves are
summarized in Figure 96 for two conditions: bleed plenum pressures 27
percent higher than their normal steady state values, and the inlet
terminal shock standing ahead of the bleed. Since inlet stability is
affected sy changes in ejector sccondary flow as well as stability valve
flow, two flow rates are tabulated in Figurfe 96, The first is the increase
in stability valve flow due to the increase in pressure. This is a nieasurc
of valve flow capacity. The sccond is the change in the sum of valve flow
plus ejector secondary flow, which reprecsents the increase in flow removed
from the inlet cowl at or ahead of the throat. This is a measure of the
inlet stability. T .

Figure 96 shows that the installation of vortex valves in either the
cowl or shock trap plenum provides the smallest flow capacity of the
configurations studied. Moreover, it also shows that the instaliation of
any type of stability valve in the plenums of either the present or enlarged
shock trap will produce a net increase in shock trap mass flow ratio of
less than 5 percent. Therefore, from steady state flow capacity con-
siderations, thc only feasible configurations appear to bhe slide valves or
poppet valves installed in the cowl just ahead of the inlect throat.

Dynamic Performance Comparison

The dynamic performance of those configurations acceptable in terims
of steady state flow capacity is shown in Figure 97. The first coluimn
shows the time required for full valve opening following a 27 percent step
increasc in duct and bleed plenum pressures. The next two columns show
the change in cowl bleed flow (valve flow plus shock trap bleed f(low)

. 056 seconds after a transicnt displaccment of the terminal shock is
initiated.  The shock displacement consists of a . 050 sccond movernent
from the normal steady state position vp to the throat followed oy a
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. 006 sccond movement from the throat to the leading edge of the porous
bleed.  The last two columns show the natural frequency of the installed
valve with the inlet terminal shock position fixed.

The two versions of the poppet valve are superior to the slide valve
in two respects: faster responsc time and highe - vatural frequency. Be-
cause of the isolation of the poppets from the blcod plenum pressure, the
shiclded poppet valves have a lower natural frequency than the unshielded
valves. However, the shielded poppets are superior in two importiant
respects. Iirst, the forward poppets now sense duct pressure at the
same location as the aft poppets and hence respond faster to inlet shock
movements. This is one rcason that the shiclded valves show higher
flow rates after the .056 second shock position transient. Second, the

valve ringing which occurred at Mach 2.47 was eliminated by addition of
the shield.

Bearing Test

Experience obtained with the linear bearings indicates that consider-
able care must be taken to avoid interference when large lateral lcads
are—applied. Testing at high temperature resulted in scoring of the
bearing rollers, severe distortion of the roller separators, and a slight
warpage of the bearing-races. It is helieved that the rollers skidded
at high temperature, scoring the rollers and producing higher friction
coefficients. It could not be-—determined whether the skidding occurred :
before or after the roller separators buckled. !

CONCLUSIONS ;

A feasibility study of proposed self-actuating inlet shock stability
bleed valves for the YF-12 airplane has been made. The candidate valves
included vortex valves, slide valves, and poppet valves., Installations in |
the inlet cowl and in the inlet shock trap bleed plenuwrm—were considered.

Shielded and unshielded versions of the poppet valve were designed for  -————=—— -
installation in the cowl. In the shielded valve, inlet duct pressure acts as
the driving force on the poppet while in the unshiclded version the bleed

plenum pressure is the driving force. The following conclusions have
been reached:

l.  The installation of any type of bleed valve in the plenum of the ;
present shock trap, or in a lengthened shock trap, will produce a net i

gain in_shock trap mass flow ratio_of less than 5 percent. The steady -
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r state shock trap mass flow ratio with the terminal shock standing ahcad
of the inlet throat is about 17 percent, or less, depending on the type of
bleed valve and size of the shock trap, compared to about 12 percent

without bleed valves. =

2—The installation of vortex valves in the cowl yields steady state
valve mass flow ratios of about 3 percent with the terminal shock ahead
of the bleed.

3. For installations in the cowl, the steady state mass flow ratios
with the terminal sheek—ahead of the bleed and the valves fully open are
about 22 percent for twenty-five slide valves, 26 percent for fifty un-
snielded poppet valves, and 21 percent for fifty shielded poppet valves,

4., A 27 percent step increase in inlet duct and bleed plenum
pressures at cruise Mach number and altitude will open the cowl slide
valves in .068 seconds, the unshielded cowl poppet valves in . 028 seconds,

S—=z7ndthe shielded cowl poppet valves in .025 seconds.

P LTRSS I AT O s LTt

5. At cruise Mach number and the minimum altitude, a .050 second
movement of the terminal shock from its steady state position up to the
inlet throat followed by a .006 second movement from the throat to the
leading edge of the porous bleed will produce partial opening of valves
installed in the cowl.—The—increase in cowl bleed mass flow ratio
(valves plus shock trap) during the . 056 second transient is about .07
for the slide valves, .1! for the unshielded poppet valves, and .24 for
the shielded -peppet valves. At the maximum altitude, the corresponding
increases in cowl bleed mass flow ratios are .04, .08, and .10 for the
slide, unshielded poppet, and shielded poppet valves, respectively.

e

6. A step change in inlet shock position at Mach 2.5 causes ringing
in the unshielded cowl poppet valve bhecause of the dynamic interaction
between the poppet and the driving pressure in the bleed plenum. Similar
duct transients at the cruise Mach number do not produce this ringing.

The shielded poppet valve does not exhibit this instability at either Mach
number,

7. Laboratory tests of linear bearings showed—that cxcessive dis-
tortion of the roller separators and sliding of the rollers can occur at
high temperature. Production of satisfactory slide valve bearings will
probably rcquire additional bearing development work.

8. The bleed valves do not appear to adversely affect operation of
the present inlet control system.
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9. Aircraft response to a complete and sustained opening of all the
bleed valves in one nacelle appears to be controllable and less violent
than an inlet unstart.

In view of the potential development problems associated with linear
bearings for a slide valve and the inherently faster response rate of the
[' poppet valve, it is recommended that shielded poppet valves installed in
; the cowl be seclected as the configuration for testing. The feasibility study
§ indicates that this configuration will provide the performance required for
the inlet shock stability system.
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APPENDIX

Symbols
area
P-P
pressurc coefficient, — -2
90

force

ratio of specific heats
mass

Mach number
static pressure
total precssure
dynamic pressure
gas constant
time

total temperature
volume

mass flow rate

mass flow rate through inlet reference area at free stream conditions

valve position
nacelle angle of attack
nacelle angle of sideslip
N
total pressure (;n—z) +10.13

total tempecrature (K) + 288

Subscripts
bleed plenum
inlet duct
cjector
valve piston chamber
cexit louver plenum
valve
free stream conditions

engine face station
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attainable pressure increase is less than 27%.
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