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PERFORMANCE OF A FIXED GEOMETRY WIND TUNNEL MODEL
OF AN AUXILIARY INLET EJECTOR WITH A CLAMSHELL
FLOW DIVERTER FROM MACH 0 TO 1.2
by Fred W, Steffen and Albert L. Johns

Lewis Research Center

SUMMARY

A wind tunnel model of an auxiliary inlet ejector with a clamshell flow diverter was
evaluated over a range of Mach numbers from 0 to 1.2, Two primary nozzles were
used: the smaller one simulated a subsonic-cruise and dry-acceleration primary nozzle
position, and the larger one simulated a reheat-acceleration primary nozzle position.
Other geometric variables included the shape and position of the auxiliary inlet doors
and the position of the clamshell flow diverter.

At subsonic~cruise power settings, fixed double-hinge door configurations gave
higher efficiencies than fixed single-hinge door configurations. At Mach 0.9, the
double-hinge door configuration had a maximum efficiency of 0. 902, and the single-hinge
door configuration had a maximum efficiency of 0. 882, At other power settings, door
shape had little effect on efficiency. '

In general, the estimated efficiency which would be obtained if the doors were free
to float was less than the maximum which could be obtained if the doors were actuated to
the optimum position. In many instances, however, the difference in efficiency was less
than 1 percent.

The fixed shroud flap position was the same as that of a floating flap only at a
limited combination of power settings and Mach numbers. If the shroud flaps had been
free to move, they would have been further open than the flap geometry tested at
subsonic-cruise power settings for all Mach numbers tested, at all reheat-acceleration
power settings except at M0 =0 and at 0,85 = M0 = 0. 95 with the clamshells at 00,
and at dry-acceleration power settings for M0 = 0.95.

With the clamshell flow diverter at the subsonic~cruise position of 170, pumping
characteristics were sufficient to obtain a corrected secondary-weight-flow ratio of
4 percent from a free-stream total-pressure source at all conditions tested except at
Mach zero. Moving the clamshell flow diverter to 0° improved the reheat-acceleration
nozzle efficiency but significantly reduced the pumping capability.




INTRODUCTION

In its current program in airbreathing propulsion, the Lewis Research Center
is evaluating various exhaust nozzle concepts appropriate for supersonic-cruise appli-
cations. It is important that these nozzles have good subsonic~cruise and transonic
acceleration performance. One such nozzle being considered is the auxiliary ejector.

In this nozzle type, auxiliary inlets admit air from the free stream and prevent exces-
sive overexpansion of the primary and secondary streams at low nozzle pressure ratios.
Hence, there is a reduced requirement for exit-area variation and a corresponding
reduction in projected boattail area at off-design and transonic speeds. If the tertiary
flow can be handled efficiently, an overall increase in low-pressure-ratio performance
can be realized. The static performance of an auxiliary inlet ejector for supersonic-
cruise aircraft is reported in reference 1.

This report presents the isolated performance of a wind tunnel model of an auxiliary
inlet ejector with a clamshell flow diverter in the ejector shroud. In the fully open (or
supersonic cruise) position, the clamshell is intended to provide a conical expansion
surface for efficient high-pressure-ratio operation. In the partly closed (or subsonic
cruise) position, the maximum flow area available to the primary jet is reduced, and
additional flow area is provided for the tertiary flow around the outside of the clamshell.
When rotated to the fully closed position, the clamshell provides the blockage necessary
for reverse-thrust operation.

The tests were made using a series of fixed-geometry hardware, Single- and
double-~-hinge auxiliary inlet doors were each tested at four positions, from fully open
to fully closed. Two primary nozzles were used; the smaller one simulated a subsonic~
cruise and dry-acceleration primary nozzle position, and the larger one simulated a
reheat~acceleration primary nozzle position. For closed-door configurations using the
small primary nozzle, the clamshells were tested in the fully open position only. For
closed-door configurations using the large primary nozzle, the clamshells were used
both in the fully open position and a partly closed position. For all open-~door configura-
tions, the clamshells were partly closed. The ejector shroud used for all tests simu-
lated a shroud with single-hinge trailing-edge flaps in a closed position.

The tests were conducted in the Lewis Research Center's 8- by 6~ Foot Supersonic
Wind Tunnel at free~stream Mach numbers from 0 to 1.2 and at nozzle pressure ratios .
appropriate to the simulated power settings and free-stream Mach number. Room-
temperature air was used as the primary and secondary fluid. Nozzle efficiency, pump-
ing characteristics, boattail pressure drag, door-hinge moments, and shroud flap-hinge
moments were determined.




APPARATUS

Nozzle

The wind tunnel model of the auxiliary inlet ejector is shown in figure 1. The ejec-
tor was assembled from three basic components: a primary nozzle, an auxiliary inlet
door section, and a shroud section containing a clamshell flow diverter. These compo-
nents are shown in figure 2. The stations shown in this and subsequent figures are in
terms of inches (cm) from the support model nose. Symbols are defined in appendix A.
Also shown in figure 2 are {ypical static-pressure-tap locations. These pressures were
used for the calculation of door-hinge and shroud flap-hinge moments, boattail drag,
and door drag.

The primary nozzle, which was modeled from a General Electric J85-GE-13
variable-area primary nozzle, is shown in figure 3. Secondary air was directed through
12 slots in a ring which simulated the primary nozzle actuator blockage. Two different
throat areas were used. The smaller throat area corresponded to an area required
during subsonic cruise and dry acceleration, while the larger area corresponded to an
area required during reheat acceleration.

The auxiliary inlet door section geometry is shown in detail in figure 4. Figure 4(a)
shows the single-hinge door geometry, and figure 4(b) shows the double-hinge door
geometry. The 16 equally spaced doors were simulated by a continuous circular ring
which was divided into doors by 16 equally spaced struts. The space between each strut
was 1.3 inches (3.3 cm). Door cross-sectional flow area was considered to be the sum
of 16 areas, each 1.3 inches (3.3 cm) in width, with a height measured normal to the
door at the trailing edge of the door. For each type of door, four different door posi-
tions, from closed to fully open, were tested. By changing the door angle from closed
to fully open, door cross-sectional flow area was varied from 0 to 0. 56 of the ejector
exit area.

The shroud section with the clamshell flow diverter is shown in figure 5. Fig-
ure 5(a) shows the clamshell flow diverter in the 0°, or supersonic-cruise, position.

In this position, the clamshell formed an integral part of the 9° 7' conical ejector wall
and extended from upstream of the secondary throat to the 60° 11 parting line indicated
in figure 5(a). Figure 5(b) shows the clamshell flow diverter in the 170, or subsonic-
cruise, position. For closed-door configurations using the small primary nozzle, the
diverter was tested at 0° only. For closed-door configurations using the large primary
nozzle, the diverter was tested at both 0° and 17°. For all open-door configurations,
the diverter was tested at 17° only.




The downstream end of the shroud simulated a section comprised of single-hinge
trailing-edge flaps. The fixed-geometry section used during these tests represented a
fully closed flap position.

Test Facility and Instrumentation

A schematic view of the wind tunnel support model and instrumentation is shown in
figure 6. The cylindrical portion of the model was 8. 5 inches (21.6 cm) in diameter.
The model mounting strut, which contained the air supply tubes and the instrumentation
lines, was 1.75 inches (4. 43 cm) thick, with 5° half-angle leading and trailing edges.
The boundary-layer characteristics at the aft end of the support model are contained in
reference 2. Momentum thickness varied from 0. 0221 diameter at Mach 0. 56 to
0. 0184 diameter at Mach 1.19., A load cell was used to measure the net force on the
free parts of the system.

A more detailed view of the instrumentation at the primary nozzle inlet station is
shown in figure 7. Typical total-pressure profiles measured at this station are shown
in figure 8. The secondary total pressure was measured somewhat further downstream
at a station within the simulated primary nozzle actuator mechanism, as indicated in
figure 2.

The necessary measurements and equations used to calculate the measured gross
thrust minus drag, as well as the ideal gross thrust of a nozzle installed on this support
model, are given in reference 3. These equations require a value for the flow coeffi-
cient CD of the primary nozzle. The coefficients for the primary nozzles were ob-
tained from unreported data where flow was measured with a calibrated ASME sharp-
edge orifice in the primary air supply line. The flow coefficients obtained in this
manner and used to obtain the efficiencies reported herein were 0. 977 for the small pri-
mary nozzle and 0. 985 for the large primary nozzle. '

PROCEDURE

Figure 9 is a plot of nozzle pressure ratio P7 /pO as a function of flight Mach
number, for a typical supersonic~cruise turbojet nozzle installation. This schedule
was used as a guide for setting pressure ratio over the range of Mach numbers from
0 to 1.2 for each power setting. At each Mach number, data were taken at several pres-
sure ratios around the values shown in figure 9 at a nominal value of corrected
secondary-weight-flow ratio. Also, at the particular pressure ratio shown in figure 9
for a Mach number and power setting, data were taken over a range of corrected



secondary-weight-flow ratios from 0 to 0.15. The basic data, consisting of gross-thrust
coefficients and pumping characteristics, are presented in appendix B. These data were
used in conjunction with the pressure ratio - Mach number schedule of figure 9 to pre-~
sent the nozzle performance in the following section.

RESULTS AND DISCUSSION
Single- and Double-Hinge Door Comparison

The maximum nozzle efficiencies obtained with the single- and double-hinge door
configurations are shown in figure 10 as a function of free-stream Mach number. The
double-hinge door configuration was more efficient at subsonic-cruise power settings
(fig. 10(a)), particularly at Mach numbers of 0. 85 and 0.9. At Mach 0.9, the double-
hinge door configuration had an efficiency of 0.902, as opposed to 0. 882 for the single-
hinge door configuration. At dry-acceleration power settings (fig. 10(b)), there was
little effect of door shape on nozzle efficiency. At Mach 0.9, the double-hinge door con-
figuration had an efficiency of 0. 932, and the single-hinge door configuration an effi-
ciency of 0,924, At reheat-acceleration power settings (fig. 10(c)), there was again
little effect of door shape on nozzle efficiency. At reheat-acceleration power settings
above Mach 0. 85, the maximum efficiency was obtained with closed doors (so that door
shape was unimportant) and with the clamshell flow diverter set at 0°, Moving the clam-~
shell flow diverter from 17° to 0° increased the. efficiency from 0. 922 to 0. 944 at
Mach 1. 0.

Maximum and Equilibrium Door Performance

In figures 11(a) to (c), the performance obtained with the single-hinge doors set at
the maximum efficiency position is compared to the interpolated performance obtained
with the single~hinge doors at a calculated floating equilibrium position. Nozzle effi-
ciency, door position, and the required ratio of secondary total pressure to free-stream
total pressure for the specified corrected secondary-weight-flow ratio are presented as
a function of free-stream Mach number.

Figure 11(a-1) shows the subsonic-cruise nozzle efficiency with the doors in the
equilibrium position to be only slightly less than maximum between Mach numbers of
0.85 and 0.95. The equilibrium door angle (fig. 11(a-2)) was less (more closed) than
the door angle for maximum efficiency. Comparison of the PS/ PO curves for the ejec~
tor (fig. 11(a-3)) with a curve of po/ P, shows that P g Is approximately equal to Py




as a result of the open doors. The tailed symbols and curves in this and subsequent
figures signify that the limited static-pressure instrumentation indicated that an opening
moment was acting on the shroud flaps. Thus, the equilibrium position of the doors
might be different if the flaps were capable of moving to their equilibrium position.

‘Figure 11(h) shows the dry-acceleration performance of the ejector with the single-
hinge doors. Between Mach numbers of 0.7 and 0.9, the nozzle efficiency (fig. 11(b-1))
with the doors in the calculated equilibrium position was only slightly less than maxi~
mum (0. 8 percent at Mach 0. 85). The equilibrium position of the door (fig. 11(a-2)) was
equal to or less than the door position for maximum efficiency. At Mach numbers of
0, 0.9, and 0. 95, the equilibrium door position resulted in maximum efficiency. At
Mach 0, the secondary total pressure required to obtain a 4-percent corrected
secondary-weight-flow ratio wl/? (fig. 11(b-3)) exceeded the ambient pressure. At
Mach numbers from 0.6 to 1.0, secondary pressure recoveries from 0. 86 to 0. 66 were
required for w4/7 = 0.04. Secondary total pressures required for @ 1/7 =0.04 were
greater than Py- Below Mach 0. 95, the shroud flaps would have been in the position
tested (assuming this to be the inner-stop position).

The reheat-acceleration performance of the ejector with the single-hinge doors is
shown in figure 11(c). From Mach 0.7 to 0. 85, the nozzle efficiency with the doors in
an equilibrium position (fig. 11(c-1)) was essentially equal to the maximum efficiency,
even though the difference in door position was as much as 10° (fig. 11(c-2)). Above
Mach 0. 85, the clamshell must be set at 0° to obtain maximum efficiency. However, the
required secondary total-pressure recovery for 4-percent corrected secondary-weight-
flow ratio exceeded 100 percent when this was done. This was aggravated by the in-
crease in ejector spacing ratio at reheat conditions, which was required to simulate a
translating iris primary nozzle. Other data at Mach 1.2 indicated that a corrected
secondary~weight-flow ratio of 0. 02 could be obtained with a recovery of 82 percent and
the reduction in efficiency would amount to only 0. 3 percent.

For most of the data shown in figure 11(c), an opening moment acts on the shroud
flap. Thus, it should again be recognized that the equilibrium door position might be
different if the flaps were capable of moving to an equilibrium position.

Figures 12(a) to (c) show the performance of the ejector with double-hinge doors.
The method of estimating the floating position of these double-~hinge doors is given in
appendix C. Again, performance with the doors set at the maximum efficiency position
is compared to the performance with the doors at the estimated equilibrium position.

At subsonic cruise (fig. 12(a)), there was a larger difference between maximum effi-
ciency and equilibrium efficiency than there was for the single-hinge doors at Mach
numbers of 0. 85 and 0. 90. Otherwise, the double-~hinge door performance exhibited the
same general trends as the single-hinge door performance,



A generél trend noted in figures 11 and 12 is that with the doors in the position for
maximum efficiency, the secondary total pressure was equal to or greater than the
secondary total pressure with the doors in an equilibrium position. This indicate that
part of the improvement in nozzle efficiency resulted from increased pressures in the
primary nozzle base region.

Performance Variation With Door Angle and Secondary Flow

Some typical effects of auxiliary inlet door angle for both single~ and double-hinge
configurations are shown in figures 13 and 14. The nozzle efficiencies were generally
more sensitive to door-angle variations when the nozzle flow tended to be most over-
expanded (subsonic-cruise or dry-acceleration power settings at low Mach numbers,
figs. 13(a) and (b), and 14(a) and (b)) and when the nozzle flow was almost fully expanded
(reheat-acceleration power setting at Mach 1.2, figs. 13(c) and 14(c)). The ratio of
secondary total pressure to free-stream total pressure required for a specified cor-
rected secondary-weight-flow ratio was rather insensitive to, but generally increased
with, door angle. An exception to this general trend occurred with a reheat-acceleration
power setting at the higher nozzle pressure ratios. At these conditions (when the pri-
mary flow is almost fully expanded and pressure forces would tend to close the doors),
opening the doors may provide an overboard flow path for the secondary flow and thus
reduce the secondary pressures with an accompanying loss in performance.

The effect of corrected secondary-weight-flow ratio on nozzle performance is shown
in figure 15(a) for single-hinge doors and in figure 15(b) for double-hinge doors. The
data are shown for typical open-~door configurations at Mach 0. 9 at two levels of pres-
sure ratio. At the lower (subsonic cruise) pressure ratio, where the nozzle was more
overexpanded, the efficiency dropped sharply for secondary flow ratios less than 0. 05.
Peak efficiency occurred at a corrected secondary-weight-flow ratio of about 0. 10, A
ratio of secondary total pressure to free-stream total pressure of 0.7 would be re-
quired to supply the secondary flow. At the higher (dry acceleration) pressure ratio,
the efficiency was less sensitive to corrected secondary-weight-flow ratio, The effi-
ciency reached a value close to maximum at a corrected secondary-weight-flow ratio of
about 0.04. A ratio of secondary total pressure to free-stream total pressure of 0.7
was required to supply the secondary flow. It should be pointed out that the flat effi-
ciency curve is probably characteristic only of a fixed open-door configuration and that
the efficiency might be more sensitive to secondary flow if the door were less open or
free to float. .

The door-hinge moment coefficients per inch of hinge are shown in figure 16(a) as
a function of door angle for the single-hinge doors. These curves were used to




estimate the equilibrium position of the single-hinge doors. The data were obtained
from a single row of static-pressure taps on the outer surface of a door at ¢ = 157, 50
and from a single row of static-pressure taps on the internal surface of a door at

6 =0°, Thus, the instrumented doors were close to the hubs of the clamshells and may
not be representative of all doors around the circumference. For subsonic cruise and
dry acceleration (figs. 16(a-1) and (a-2)), the curves generally have negative slopes,
indicating that the doors were statically stable. Stable equilibrium would occur at the
door angles at which the curves cross the abscissa (i.e., Cph= 0). For reheat accel-
eration (fig. 16(a-3)) at Mach numbers above 0.7 and with the clamshells at 170, the
moment coefficient curves have positive slopes below door angles of 100, thereby indi-
cating static instability. Also, the moment coefficients were negative for all door posi-
tions. Thus, during reheat acceleration, the doors would close at a Mach number be-
tween 0.7 and 0. 85 and would stay closed at higher Mach numbers. It is also shown that
with the doors at 00, moving the clamshells from 17° to 0° causes a greater negative
door moment,

The hinge-moment coefficients for the double-hinge doors are shown in figure 16(b).
Hinge-moment coefficients about the upstream hinge are presented. The assumed
mechanism and the equations used to obtain the moments about the upstream hinge are
explained in appendix C. The double-hinge doors appeared to behave in the same
manner as the single-hinge doors except that at reheat acceleration (fig. 16(b-3)) the
doors would close at a lower Mach number, between 0.6 and 0.7.

Pressure Drag

The boattail pressure drag is shown for the single-hinge door configuration in fig-
ure 17(a) and for the double-hinge door configurations in figure 17(b). The boattail
pressure drag was obtained from a single row of 10 static-pressure taps located behind
a door at 6 = 180°. These figures show that boattail drag was a significant percentage
of ideal thrust at subsonic-cruise Mach numbers of 0.7, 0. 85, and 0.9 only when the
doors were closed. With the doors in their normally open subsonic-cruise position,
the boattail drag almost disappears. High boattail pressure drags are shown at other
power settings at Mach numbers of 0. 95 and greater because of the closed trailing-edge
flap section used on all the configurations.

The boattail pressure drag is compared to the pressure drag from the external sur-
face of the auxiliary inlet doors in figure 18. The comparison is made at a subsonic-
cruise power setting and Mach 0. 9. For the single-hinge doors (fig. 18(a)), the pres-
sure drag of the doors was greater than from the 9° 34/ boattail, particularly at a door
angle of 20°. For the double-hinge doors (fig. 18(b)), the pressure drag of the doors
was slightly less than that from the boattail.



SUMMARY OF RESULTS

A fixed-geometry wind tunnel model of an auxiliary inlet ejector with a clamshell
flow diverter was evaluated over a range of Mach numbers from 0 to 1.2. Two primary
nozzles were used: the smaller one simulated a subsonic-cruise and dry-acceleration
primary nozzle position, and the larger one simulated a reheat-acceleration primary
nozzle position. Other geometric variables included the shape and position of the aux-
iliary inlet doors and the position of the clamshell flow diverter. Room-temperature
air was used as the primary and secondary fluid. Nozzle efficiency, gross-thrust coef-
ficients, pumping characteristics, boattail pressure drag, door-hinge moments, and
shroud flap-hinge moments were determined. The results were as follows:

1. At subsonic-cruise power settings, with the clamshell flow diverted at 170, the
double~hinge door configurations had higher maximum efficiency. At Mach 0.9, the
double~-hinge door configuration had a maximum efficiency of 0.902, and the single-hinge
door configuration had a maximum efficiency of 0. 882.

2. At dry-acceleration power settings, with the clamshell flow diverter at 170, the
nozzle efficiencies of the double- and single-hinge door configurations were nearly
equal. At Mach 0.9, the double-hinge door configuration had a maximum efficiency of
0.932, and the single-hinge door configuration had a maximum efficiency of 0. 924.

3. At reheat-acceleration power settings, with the clamshell flow diverter at 170,
there was little difference in nozzle efficiency between the double- and single-hinge door
configurations. Above Mach 0. 85, the optimum door position was closed, and thus door
shape would not affect nozzle efficiency. The lowest value of efficiency was 0. 944,
occurring at Mach 1. 0.

4. At reheat-acceleration power settings, moving the clamshell from 17° to 0° with
the doors closed improved the efficiency. At Mach 1.2, the efficiency increased from
0. 917 to 0. 950.

5. Except at a free-stream Mach number of 0, all configurations tested with the
clamshell at 17° appeared to be able to pump at least 4-percent corrected secondary
flow from a free-stream source at all power settings. However, at a reheat-
acceleration power setting with the clamshell at 0° and the doors closed, only about
2~percent corrected secondary flow could be obtained from a free-stream source. If
such a reduction in cooling flow could be tolerated, the efficiency would be reduced by
only 0. 3 percent.

6. With the shroud flap fixed in the position tested, the equilibrium position of the
doors was generally not the position for maximum performance. With the single-hinge
door configurations, for example, this difference in nozzle efficiency was 0. 8 percent
at a Mach number of 0. 85 for both subsonic-cruise and dry-acceleration power settings.




7. If the shroud flaps had been free to move, they would have been further open at
subsonic-cruise and reheat-acceleration power settings. At dry-acceleration power
settings, up to Mach 0. 95, the flaps would have been closed against inner stops at the
fixed~flap position.

8. The doors, both single and double hinge, appeared to be statically stable during
subsonic cruise and dry acceleration. During reheat acceleration, at Mach numbers
above 0.7, the doors appeared to be statically unstable between door angles of 0° and
and 10°,

9. Opening the doors significantly reduced the subsonic-cruise boattail drag at
Mach numbers of 0.7, 0.85, and 0. 9.

10. With a subsonic-cruise power setting at Mach 0. 9, the pressure drag loss of the
single-hinge doors was greater than the boattail pressure drag loss. At the same con-
ditions, the pressure drag loss of the double-hinge doors was slightly less than the boat-
tail pressure drag loss.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, March 5, 1970,
126-15.
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APPENDIX A

SYMBOLS

area R
simulated nacelle area r
primary nozzle flow T

coefficient W
door-hinge moment o

coefficient per

inch of hinge, B

m/(Ap o) @ ay/D(Py) 81,0,
drag 6
pressure drag
diameter
model diameter (equiv- T

alent to simulated

nacelle diameter)

w

shroud-exit diameter
primary nozzle Subscripts:

diameter

E

internal shroud )

diameter !
jet thrust L
forces acting on door p
ejector shroud length 5
length
Mach number 0
moment n

total pressure.

static pressure

total radius

local radius

total temperature
weight-flow rate
flap angle
boattail angle
door angles

angular coordinate,
measured clockwise
from the top while
looking upstream

temperature ratio,
Tq /Tp

weight-flow ratio,
W /W o

exit
ideal
local
primary

secondary station within
simulated actuator
mechanism

free stream

inlet to primary nozzle
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APPENDIX B

BASIC PERFORMANCE DATA

The basic performance data for all configurations are presented as a function of
nozzle pressure ratio in figure 19. Nozzle gross-thrust coefficient and secondary- to
primary-total-pressure ratios are presented for a nominal value of corrected secondary-
weight~flow ratio. The basic performance data for the closed-door configurations are
shown as a function of corrected secondary-weight-flow ratio in figure 20. Nozzle
gross~thrust coefficient and secondary- to primary-total-pressure ratio are presented
for values of Mach number and pressure ratio as obtained from figure 9.

12



APPENDIX C

DOUBLE-HINGE DOOR HINGE-MOMENT ANALYSIS

To obtain the hinge moment about the upstream hinge of a double-hinge door, the
fixed door was assumed to have the mechanism shown in figure 21. This mechanism,
with ly= 216 would give a door-angle ratio 61/(52 of approximately 2. 0.

Considering the downstream door as a free body in equilibrium, the sum of the
forces and moments about X would be equal to 0. The equations to determine the total
hinge moment at Z are as follows:

F; sin 8y + Fy sin ¢y - Fg sin ¢; =0 (C2)
F cos &y + F, cos @y = Fgcos ¢ = 0 ' (C3)

In these equations, F3 is considered as the equilibrant; 62, Pg» and ly are known
constants for any particular door setting; F1 and Zl are determined from integrations
of measured pressure distributions on the inner and outer surfaces of the rear door;

F2 is the reaction of the pin Y against the side of the slot and must be normal to the
side of the slot; F,, ?g; and Fg can be determined from the solution of equation (C1)
and the simultaneous solution of equations (C2) and (C3), and

Fo = — (C4)

1 F{8indy + Fy sin pg

@, = tan (C5)
Fy cos 62 + F2 cos @
F, sin 6, + F, sin ¢
F3 _ 1 2 2 2 (C6)
sin ?q
Then the moment about Z due to the forces on the rear door is
My p = Fglg = Fgly c0s @g = Fal, cos((ro1 - 62) (cn

13




where F3 is the resultant of ]E“1 and FZ’ and 62 and 4 are known constants for any
particular door setting. The total moment about Z is then

my =mp_ g+ Fylg (C8)

where F 4 and [ g are obtained from integrations of measured pressure distribution on
the inner and outer surfaces of the upstream door.

14
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‘ Figure 1. - Auxiliary inlet ejector with clamsheii flow diverter installed on
wind tunnel support model,
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Ve —Simulated actuator mechanism blockage

“Seconda ry flow area (12 equal areas)

Primary nozzle
configuration

Primary| Primary |Primary Diameter ratios Primary
nozzle | nozzle | nozzle gpg d/d derd nozzle
length |diameter| flap | @ max|“bimax|TETmax) g,
ratio, | ratio, | angle, coefficient,
Lp/8max d/dmax| p. Cp

deg

Subsonic cruise
and dry acceleration

0.18 0.52 |13.25 0.79 | 0.65 | 0.5 0.977

Reheat acceleration

0.13 0.62 5,30 0.79 | 0.65 | 0.64 0.985

Figure 3. - Details of simulated J85-GE-13 primary nozzle. (Station and dimensions are in inches (cm).)
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«Assumed hinge point for doors .
\ Station 132, 36 (336, 19)

Station 125, 22 (318, 06) \\
- \
[t \ [ =
5 Y 3
6 0o
\ 1 _,A] 23
3 x § NN
i
{
A | 0.34
| | @0
Gy ™ 8. 45 Section A-A
(21.5) \_Continuous circular ring
divided by support struts

into 16 doors, each door
1.3 in. (3.30 cm) wide

Door angle, | L1/ da | b3l dipax Lyl dpax ls/dpaxilg X 1.3 x 16
N S 51, T S
deg
0 0.353 | 0.353 0 0. 406 0
10 345 | .352 .062 .412 .28
16 .353 | .358 .101 . 406 .46
20 353 | .3%9 124 . 405 .56

(a) Single-hinge doors.

Figure 4. - Door geometry. (Stations and dimensions are in inches {cm).)



Station 125, 22 (318, 06)

Station 132, 36 (336, 19)

Ao = 8.45
(21.5)

/-
£Assumed hinge points for doors

NN
0.34
’ (0. 86)

Section A-A

L-Continuous circular ring

divided by support struts
into 16 doors, each door
1.3 in. (3.30 cm) wide

___ﬁnoog angle, | 1/ oo | 5 Gna | T3/ Gy | 14 Ok | 15/ dpnax | L ¥ L3 X 161 — ———
eg A
b i

01 0| 021 |0.20 042 |0 0.295 ] 0

5110 | 207 458 | 064 | 308 .29

8|16 | .2z an | o7 295 .4

0|20 | .25 A | | .55

(b) Double-hinge doors.

Figure 4. - Concluded,
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Station 132, 36 (336, 19)

1.51
(3.83) R =
.04
dpay = 6.12 -90

0.54
L3—~LT71

i
;
|
|
x
|

(15,55 |
|
|
|
|
s

Station 141, 05 (358, 2)

~1~9° 7' Conical

divergent
section

Note: This section
cutat 8=90°

2.09

7,02 (17, 84)

HL,» (5.3D -
2%

N

AN
“-Exit plane of primary nozzle

-

Primary nozzle
configuration

eld,

Lgldy | Lid

dE/dmax

Subsonic cruise
and dry acceleration

1.602

0.137 {1 2.065

0.833

Reheat acceleration

1.357

112

0.17311.828

0.833

{a) Clamshell at 0°,

Figure 5. - Shroud and clamshell flow diverter geometry. (Stations and dimensions are in inches {cm).)




~62°30" at 8= 11°42' {end point
! 12°12at 6= 90°

/
i /
Statlon 137, 36 (336. 19 / ~Assumed hinge point for flaps
1
/ / Station 141, 05 (358, 27)
r——‘-J /I ! ~ 90 34|
j/ 0 446'
oh |
d =8.45
max = o
* (L) , ,
‘ / N o e
| | // Note: This section cutat 8 =90
| | y
o /
oy \¢  ~9° 7' Conical
! + "/ divergent
A section
N vV L

~~—Exit plane of primary nozzle

Primary nozzle dEIdp Lidy, |dgld

N . D max
configuration

Subsonic cruise 1.60212.0651 0.833
and dry acceleration

Reheat acceleration [1.357{1.828 | 0.833

(b} Clamshell at 17°,

Figure 5. - Concluded.
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PR Q<==mm Secondary air

Primary air e 3 ™ (h 3¢ :
l\—Secondary air
metering orifice

~Tunnel ceiling
7 PIITIITIIA

Rear bearings

Load cell N r\Skin break |
oad ceil— W\ i
N \\\\ \\r Adapter —I Nozzle~—}
= e RN\
T < =0
I TA ZZTTTTIT \' g
Front support bearing /. / [ AR, .
ront support bearing~ ¢ o pressure Tare pressure / // // \ £Secondary air probes
Choke plate— /7 ,* L primary air rake
CD-10690-28 L
“Screen

Figure 6. - Schematic view of nozzle support model and air supply system,
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Primary|Normalized
R flow | distance
6=0 /,-Primary—air orifice | from
/ flow passage centerling,
riR
~Secondary-air 1 1.000
flow passage 2 -900
3 790
4 . 670
5 519
6 .300
__90° 7 0
8 -, 418
9 - 600
10 - 750
11 -. 855
12 -.950
13 ~1.000
e Static pressure
o Total pressure
180° ® Thermocoupie

View looking upstream

Figure 7. - Details of instrumentation at station 7. Total radius, R = 3.006 inches (7.635cm).

Ratio of local pressure to average total pressure, Py (/P7

Inet total pressure,

P4,
Ib/ft2 abs {kN/m? abs)
O 8245 (395
0 4369 (209. 2)
AN 8689 (416
0 4355 (208.7)
1.1
1.0 Y—‘m% & 80
) =]
.9
{a) Small primary nozzle.
1.1
o a
1.0 o 28] [aBia! O]
Y H 3 E [] D d
.9
-1.2 -8 -4 0 4 8 12

Normalized distance from centerline, riR '
(b} Large primary nozzle.

Figure 8, - Total-pressure profile at primary nozzle inlet (station 7.)
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Nozzle efficiency, (F - D)/(Fi 0 +F S)

12

<o

o
= .

o Reheat acceleration 1

g 8 - N

w®

f .

e

3 Dry acceleration ~

[%]

e 4

= _—_//
@ -

§ Subsonic cruise
= |
0 .4 .8 L2 1.6

Free-stream Mach number, My

Figure 9. - Schedule of nozzie pressure ratio
with free-stream Mach number,

T T T
O Single-hinge door /Dﬁ_
. 0 Double-hinge door : \
_gal Open symbols denote clam- 0y

shell at 17° %\
| Solid symbols denote clam-

shell at 0° ‘ \\j
.84

.80
{a) Subsonic cruise,
1,00
|
96 D

i

¥
¥

co
oo

(b) Dry acceleration,

H
fomn)
o

% kaﬁﬁ/‘—l

.8
80 .2 4 .6 8 1.0 1.2

Free-stream Mach number, MO

(c) Reheat acceleration.

Figure 10. - Effect of door shape on maximum nozzle efficiency, Cor-
rected secondary-weight-flow ratio, w+T = 0.04.
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Clamshell Door condition
position,
deg
———— 1 Stable equilibrium
—— 17 } Locked for maximum
— 0 efficiency

Tails on symbols and on curves denote
opening moment on shroud flaps

(a-

3) Total-pressure ratio.

(a) Subsonic-cruise performance,

Free-stream Mach number, M0

(b-3) Total-pressure ratio,

(b} Dry-acceleration performance,

(c-3) Total-pressure ratio,

(¢} Reheat-acceleration performance.

Figure 12. - Performance of ejector with double-hinge doors. Corrected secondary-weight-fiow ratio, w+T=0.04,
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Nozzle efficienc
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—

Ratio of secondary total
pressure to free-stream
total pressure, P¢/Py

Free-  Nozzie Mg Pslpg Mg Pylpg
stream  pressure
Mach ratio, O 0 3.3 o 0 3.2
number’ P_l[po ] 60 4.2 [w} .60 3.9
Mg & .70 4.8 & 70 45
AN .85 5.8 AN 85 5.3
¢ 070 2.2 4 .90 59 4 .90 55
A .85 3.0 a 9 6.5 a .95 56
4 90 3.2 0O L00 6.7 0O L00 6.3
a .95 3.5 ¢ LI 1.2
O 100 3.9 ¢ L2 7.9
1.00 1.00
O g
— //()% ] / T—)]
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(a-1) Nozzle efficiency. {b-1) Nozzle efficiency. (c-1} Nozzie efficiency.
1.1 11
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I e e T I I s i
- T—
‘<>/’//lr — 1 D —t ’ \\‘ﬂ w
&= 5 5 i
8 12 16 2 78 12 16 20 70 4 8 12 16 2

Door angle, deg

(a-2) Total-pressure ratio.

(a) Subsonic-cruise per-
formance,

(b-2) Total-pressure ratio.

(b} Dry-acceleration per-
formance.

(c-2) Total-pressure ratio,

(c) Reheat-acceleration performance,

Figure 13. - Effect of door position on performance of ejector with single-hinge doors. Clamshell at 17°; corrected
secondary-weight-flow ratio, w~7T=0,04.
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t sure
sream  press 00 38 o0 32
Mach ratio,
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0 A .85 5.8 A .85 5.3
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Downstream door angle, deg

(a-2) Total-pressure ratio. (b-2) Total -pressure ratio. (c-2) Total-pressure ratio.

(a) Subsonic-cruise per- (b} Dry-acceleration per- {c) Reheat-acceleration performance,

formance, formance,

Figure 14, - Effect of door position on performance of ejector with double-hinge doors. Clamshell at 17° corrected
secondary-weight-fiow ratio, w~T = 0,04,
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Corrected secondary-weight-flow rétio, wwf?

(a-2) Total-pressure ratio, (b-2) Total-pressure ratio.

(a) Single-hinge door. Door angle, 16°. {b) Double-hinge door. Downstream door angle, 16°.

Figure 15. - Effect of corrected secondary-weight-flow ratio on performance of typical single- and double-hinge open-door configurations at Mach 0.90.
Small primary nozzle.
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Figure 16, - Door hinge-moment coefficients, Corrected secondary-weight-flow ratio, w~T= 0,04,
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Figure 17, - Boattail pressure drag. Corrected secondary-weight-

flow ratio, w~T=0.04,
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Figure 18. - Door and boattail pressure
drag. Subsonic cruise; free-stream
Mach number, 0.90; corrected
secondary-weight-flow ratio,
w1 = 0.04,
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{a) Small primary nozzle; closed

doors; clamshell at 0°; corrected

secondary-weight-flow ratio,
w~T=0.02,

Figure 19. - Basic performance data as function of nozzle pressure ratio,
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(b) Small primary nozzle; 10° single-hinge
doors; clamshell at 17° corrected
secondary-weight-flow ratio, wt = 0,02,

1.00

.9

.92

.88

Free-stream

Mach

number,
Mg

0 0
] .60
<O .70
o .85
4 .90
0 .95
0 Lot
o) 1.10
o 1.20
\D\% -
t@“‘ _‘r_\h/\
=
Ql _%/—O
$
It D\E/‘?» ;
} H | AR
A
0
3 4 5 6 7

(c} Small primary nozzle; 16° single-hinge
doors; clamshell at 17°; corrected
secondary-weight-flow ratio, w1 = 0,02,
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{j) Small primary nozzle; 8°-16° double-hinge (k) Small primary nozzle; 10°-20° double-

hinge doors; clamshell at 17° corrected

doors; clamshell at 17°; corrected
secondary-weight-flow ratio, wT = 0.02.

secondary-weight-flow ratio, w~/T = 0.02.

Figure 19. - Continued,
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{) Large primary nozzle; 5°-10° double-hinge doors; clamshell at 17°;
corrected secondary-weight-flow ratio, w~t = 0.04.

Figure 19. - Concluded.
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{m) Large primary nozzle; 8°-16" double-hinge doors; clamshell at 17%
corrected secondary-weight-flow ratio, w~t=0.04.
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Figure 20, - Basic performance data for closed-door configuration as function of corrected
secondary-weight-flow ratio.
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{c) Reheat acceleration; clamshell at 0°,
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(d) Reheat acceleration; clamshell at 17°,

Figure 20, - Concluded,
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Figure 21. - Assumed mechanism for double~hinge-door analysis.
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