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FLIGHT INVESTIGATION OF AIRFRAME INSTALLATION EFFECTS
ON AN AUXILIARY INLET EJECTOR NOZZLE ON AN
UNDERWING ENGINE NACELLE
by Richard R. Burley

Lewis Research Center

SUMMARY -

The local flow field approaching an installed nozzle may vary from isolated test
conditions, thereby affecting nozzle performance. To determine the performance of an
installed auxiliary inlet ejector nozzle, a flight investigation was conducted over a Mach
number range of 0.7 to 1. 3 and a comparison was made with the results obtained from a
small-scale isolated model. The installation consisted of a podded engine mounted near
the aft lower surface of the wing with the exhaust nozzle extending beyond the wing trail-
ing edge. Both floating and fixed-open door configurations were tested at diameter
ratios dg/dg (ejector-exit diameter to primary-nozzle-exit effective diameter) of 1. 55,
1. 40, and 1.23. These diameter ratios correspond to primary nozzle power settings of
military, minimum afterburner, and maximum afterburner, respectively. The ejector
trailing-edge flaps were simulated in the closed position with rigid structure which pro-
vided a boattail angle of 15°. Primary jet exhaust was provided by a calibrated turbojet
engine (J85-GE-13) and the secondary air was obtained from the nacelle inlet. Primary
exhaust gas temperature varied between 982. 2 and 2003.3 K (1'7680 and 3606° R). A
corrected secondary weight flow ratio of 0. 035 was used for dg/dg values of 1.55 and
1. 40; a corrected secondary weight flow ratio of 0. 05 was used with dg/dg =1.23. The
effect of weight flow ratio also was studied as was the effect of door blockage (as might
occur due to the routing of electronic or hydraulic lines).

Comparison of results from the isolated and installed nozzles show that, at minimum
afterburner power, there was an unfavorable installation effect for Mach numbers less
than 0. 9 and a favorable effect for Mach numbers between 0. 9 and 1.0. At maximum
afterburner power, there was a favorable installation effect for Mach numbers between
0.9 and 1. 0 (no data were taken below M, = 0.9). For the installed nozzle, the doors
floated to the position that gave close to optimum performance. This was not the case
for the isolated nozzle, where the doors floated too far closed resulting in performance
considerably below optimum. Results for the installed nozzle indicate that higher per-
formance was obtained with the double-hinge fixed-open doors than with the single-hinge
fixed-open doors.



INTRODUCTION

The local flow field approaching an installed nozzle may vary from isolated test
conditions, thereby affecting nozzle performance (ref. 1). This is especially true in the
transonic speed range where the nozzle is operating off design and external flow effects
are important. The Lewis Research Center is currently investigating installation ef-
fects on supersonic cruise nozzles in the transonic speed range (refs. 2 to 4). One of
the interesting nozzle types is the auxiliary inlet ejector nozzle. It has the potential for
achieving the performance normally associated with more complex variable-geometry
designs but at reduced weight (ref. 5). This is due to the principle of self actuation for
both the auxiliary inlet doors and the trailing-edge flaps, which are positioned by the
pressure differential across them. The variation in the local flow field can affect noz-
zle performance by <changing the tertiary air inlet conditions and the external pressure
drag. The doors may close prematurely or the trailing-edge flap may float to a larger
exit area and thereby produce overexpansion losses. A variation in boundary layer
height and profile can also affect the tertiary flow and consequently the internal per-
formance.

The present investigation was conducted to determine the performance of an in-
stalled auxiliary inlet ejector nozzle over a Mach number range of 0.7 to 1.3 and to
compare it with the results obtained from an isolated model. The results from the iso-
lated model were obtained in the 8- by 6-Foot Supersonic Wind Tunnel with a 0. 34-scaled
cold-flow model (ref. 6). The installation consisted of a podded engine mounted near the
aft lower surface of the wing with the exhaust nozzle extending beyond the wing trailing
edge. This aft location of the nacelle provides shielding of the inlet by the forward wing
surface to minimize angle-of-attack effects and may also provide favorable interference
effects between the wing and nacelle flow fields. A wing cutout was provided so that the
top three auxiliary inlet doors opened to the top of the wing. Both floating and fixed-
open door configurations were tested at diameter ratios dg/ds (ejector-exit diameter to
primary-nozzle-exit effective diameter) of 1. 55, 1.40, and 1.23. These diameter ra-
tios correspond to military, minimum afterburner, and maximum afterburner power
settings, respectively. The trailing-edge flaps were simulated in the closed position
with rigid structure which provided a boattail angle of 15°. A static investigation of this
nozzle has also been conducted (ref. 7). The primary jet exhaust was provided by a
calibrated turbojet engine (J85-GE-13) and the secondary air was obtained from the
, nacelle inlet. The primary exhaust gas temperature varied between 982. 2 and 2003.3 K
. (17680 and 3606° R). A corrected secondary weight flow ratio of 0. 035 was used for
’ dg/dg values of 1.55 and 1. 40; a weight flow ratio of 0. 05 was used with d9/d8 = 1.23.
The effect of changing the weight flow ratio was also studied as was the effect of door
blockage (as might occur due to the routing of electronic or hydraulic lines).



APPARATUS AND PROCEDURE
Flight Installation

Flight tests were conducted with an F-106B aircraft modified to carry two under-
wing nacelles. The aircraft in flight is shown in figure 1 with the auxiliary inlet ejector
nozzle installed on the left nacelle. A schematic view of the nacelle-engine installation
is shown in figure 2. The 63. 5-centimeter (25.0-in.) diameter nacelles were located at
approximately 32 percent semispan with the exhaust nozzles extending beyond the wing
trailing edge. Since the nozzles would interfere with normal elevon movement, a sec-
tion of the elevon immediately above each nacelle was cut out and rigidly fixed to the
wing. For the present tests, the rigid section on the left wing was modified in the form
of a trough. Also, a wide nacelle strut that faired back into the eleven trough was used.
Details of the nacelle strut are given in reference 4. The nacelle had a normal shock
inlet and contained a calibrated J85-GE-13 afterburning turbojvét engine. Secondary air
to cool the engine and afterburner was supplied from the inlet and was controlled at the
periphery of the compressor face by a calibrated rotary valve. The normal shock inlet
faired into a bulged section on the bottom of the nacelle to accommodate the engine ac-
cessory package.

Each nacelle was attached to the wing by two links normal to the nacelle axis and
the axial force was measured by a load cell attached to the wing. An accelerometer in
the nacelle allowed the load cell to be compensated for axial acceleration. The axial
force transmitted to the compensated load cell can be divided into two parts: (1) nacelle
drag forward of the research nozzle, referred to as the tare force; and (2) research
nozzle gross thrust minus drag. The tare force was determined during prior flights by
using a calibrated cylindrical ejector nozzle (ref. 8). The research nozzle gross thrust
minus drag was determined by subtracting the tare force from the compensated load-
cell reading.

Primary Nozzle

The variable-area primary exhaust nozzle is made up of overlapping leaves that
provide a nearly circular throat area. The leaves translate on a roller-track-cage
arrangement, causing a change in the nozzle convergence angle (fig. 3).



Auxiliary Inlet Ejector

The ejector nozzle, along with the elevon trough and the auxiliary inlet doors, is
shown in figure 4 and the details are presented in figures 5 and 6. The ejector nozzle
incorporates a series of 16 auxiliary inlet doors located around the periphery of the ex-
ternal skin ahead of the primary nozzle, with the top three doors opened to the trough
(fig. 4(a)). Details of the auxiliary inlet doors are shown in figures 5(a) to (¢). The
doors were either in fixed positions or allowed to float under the influence of air loads.
The floating doors were double hinged with a 2-to-1 ratio between the aft and the forward
ramp angles. The forward and aft door ramps were the same length. Each floating
door had a variable, friction device consisting of spring washers and a self-locking nut
(fig. 5(c)). The doors were installed with the spring washers loose because the results
of shake table tests "indicated that the doors were less subject to vibration with no damp-
ing. The fixed doors consisted of three sets of double-hinge doors (50-100, 80-160,
10°-20°), two sets of single-hinge doors (16° and 20°), and closed doors. The doors
positioned at 20° or 10O 20° (full open) resulted in an open area A p of 1052 square
centimeters (163 in. ), positioning the doors at 16° or 8°-16° resulted in AAID of
883. 2 square centimeters (136.9 in. ), pos1t1on1ng the doors at 5°-10° resulted in
AAID of 576. 8 square centimeters (89. 4 in. ).

The ejector trailing-edge flaps, which were simulated in the closed position with
rigid structure, provided a boattail angle of 15° and an exit diameter of 46. 2 centimeters
(18. 19 in.) as shown in figure 6(a). The boattail juncture radius was 0. 5 nacelle diam-
eters. The primary nozzle housing, also shown in figure 6(a), has a series of 24 rec-
tangular holes located circumferentially around the ring. The holes were covered by a
plate and the secondary flow deflector was positioned near the forward part of the hous-
ing so that the secondary cooling air went under the housing and over the primary noz-
zle. Detailed dimensions of the elevon trough are shown in figure 6(b).

The primary nozzle effective area A8 was set at nominal values of 700, 858, and
1116 square centimeters (108, 133, and 173 in. 2), corresponding to military, minimum
afterburning, and maximum afterburning power settings, respectively. The variation in
diameter ratio ds/d8 and spacing ratios Le/d8 and L/dg with primary nozzle effec-
tive area are shown in figure 7.

The principal purpose of the doors is to allow outside air to enter the ejector and
provide an aerodynamically smaller ejector exit area, which helps reduce the overex-
pansion of the primary jet at low values of nozzle pressure ratio. The difference be-

_‘ tween the actual ejector exit area and the ejector exit area required to properly expand
the primary flow is referred to as the overexpansion area AOE' The variation in over-
expansion area with flight Mach number is presented in figure 7(b) for the three diameter
ratios of principal interest. The ejector nozzle is overexpanded (AOE > 0) over the en-
tire range of Mach numbers and diameter ratios investigated.
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Also shown in figure 7(b) are the auxiliary-inlet-door open areas AAID for doors
positioned at 5°- 100, 16° or 80-160, and 20° or 10°-20°. When the doors are positioned
at 16° or 8°- 160, the open area is greater than the overexpansion area over the entire
range of Mach numbers and diameter ratios tested.

Instrumentation

Total pressure and temperature of the secondary air were obtained from probes, as
shown in figure 8. The probes were located beneath the primary nozzle housing at 00,
900, 1800, and 270°. The thermocouples were Chromel-Alumel and had radiation
shields.

Instrumentation for the ejector nozzle and auxiliary inlet doors 1s presented in fig-
ure 9. Boundary-layer rakes were positioned just upstream and downstream of the
auxiliary inlet doors at the four circumferential locations shown in figure 9(a). Also
shown in figure 9(a) are the five tertiary total-pressure rakes. Each is located just
downstream of an auxiliary inlet door. Each of these five doors has a row of equally
spaced external static-pressure orifices located along the door centerline. The axial
stations of these orifices are given in figure 9(b). The static pressure acting on the in-
ternal surface of the doors was obtained from orifices located on three internal struts
of the ejector nozzle, as shown in figure 9(c). The floating doors were similarly in-
strumented and the position of each floating door was measured by a potentiometer.
External static-pressure instrumentation on the ejector nozzle is shown in figure 9(d).
Four rows of static-pressure orifices were located on the cylindrical portion of the noz-
zle upstream of the doors at Oo, 900, 1800, and 315°. Three rows of static-pressure
orifices were located on the cylindrical portion of the nozzle downstream of the doors
and on the boattail at 00, 900, and 180°. Internal static-pressure and wall temperature
instrumentation is shown in figure 9(e). Three rows of each were located at 00, 900,
and 1800; an additional row of static-pressure orifices was located at 45°. A pressure
tube was located in the cavity formed by the inner surface of the boattail and the gas-
side surface of the nozzle. It was used in calculating the trailing-edge-flap moment.
Skin temperatures were measured with the juncture of the Chromel-Alumel thermocouple
embedded in the skin, flush with the hot surface side.

An onboard digital data system was used to record the pressure and temperatures
on magnetic tape. It has the capability of recording 578 parameters in 11. 6 seconds
(ref. 8). The position of 14 of the 16 floating doors also was recorded on the digital
system. The position of all 16 floating doors was recorded on the onboard analog sys- .
tem. This system records dynamic data on magnetic tape in frequency modulation (FM)
form and has a capacity of 52 channels (ref. 8).



A flight-calibrated test boom located on the aircraft nose was used to determine
free-stream static and total pressures, aircraft angle of attack, and sideslip angle.

Procedure

Performance characteristics of the ejector nozzle were obtained over flight Mach
numbers from 0.7 to 1.3 and at Reynolds numbers that varied from 1. 03><105 per centi-
meter (3. 15x108/1t) at Mach 0.7 to 1. 4x10° per centimeter (4. 4x108/ft) at Mach 1. 3.
The aircraft was flown at the nominal altitude - Mach number profile shown in figure
10(a), which resulted in the angles of attack and trim elevon deflection shown in figure
10(b). The exhaust nozzle pressure ratio schedule is given in figure 10(c) as a function
of Mach number. . Seven door configurations and four power settings were investigated.
The four power settings and the resulting nominal values of primary nozzle effective
area A8 and corresponding values of diameter ratio dg/da, exhaust gas temperature
T8, and corrected secondary weight flow ratio (w\/;)s are given in table I, the seven
door configurations are

(1) Floating doors

(2) Fixed-open doors

(a) Double hinge: 5°-10°, 8°-16°, 10°-20°
(b) Single hinge: 16°, 20°

(3) Closed doors
(The reheat A power setting was used only to study the effect of changing corrected
secondary weight flow ratio.) Each door configuration was tested at military, minimum
afterburner, and maximum afterburner power settings. In addition, the floating and
10°-20° fixed-open door configurations were investigated at reheat A power setting
over a range of corrected secondary weight flow ratios from 0. 030 to 0. 055 at a Mach
number of 0. 9.

Data Reduction

Engine airflow was determined by using the calibration results from reference 9
along with measurements of engine speed and total pressure and temperature at the
compressor face. Fuel flows were obtained from calibrated flowmeters. Total tem-
f)erature T8, total pressure P8, and effective area A8 were obtained by using the
values of engine airflow and fuel flow, the measured values of total pressure and tem-

"’perature at the turbine discharge, and afterburner temperature rise and pressure drop
calibration results from reference 9.



The ejector nozzle gross thrust minus drag is defined as follows. Gross thrust is
the total momentum of the internal flow at the ejector exit minus the total momentum of
the tertiary air at the entrance to the auxiliary inlet doors. The drag is the sum of the
pressure drop on the boattail and the skin friction drag. Skin-friction calculations were
based on an equivalent wetted area of a flat plate and an average Reynolds number.
Pressure drags were obtained by assigning to each pressure orifice an incremental
area projected on a plane normal to the nozzle axis and summing the incremental forces.
Tertiary airflow was calculated by using the free-stream total temperature and the
static pressures measured on the shroud wall in the plane of the tertiary total-pressure
rakes, and by assigning to each total-pressure tube an incremental flow area. In in-
stances where a total pressure is less than its associated static, it was assumed that no
flow went into or out of the incremental flow area. '

Three different performance parameters are presented. The first, nozzle gross
thrust coefficient, is defined as ejector nozzle actual gross thrust minus drag divided
by the ideal thrust of the primary stream:

F-D

Fip

The second performance parameter, nozzle performance coefficient, is identical to the
first except that the ram drag of the secondary airflow is subtracted. This accounts
for losses associated with bringing the secondary air on board:

F-D_ MV

ip ip

The third parameter, internal performance coefficient, excludes the external drag of
the nozzle:

F-D Sp,g*Ctp*+Ct cs* Cp,am * O, AID o A
F on

. .
ip 1p

The ideal thrust of the primary stream Fi was calculated from the measured primary
mass flow expanded isentropically from its value of total pressure and temperature to
ambient pressure.



RESULTS AND DISCUSSION

This section is divided into three major subdivisions. The first compares the re-
sults of the installed nozzle and the isolated nozzle to determine the effect of the instal-
lation. This is done for both the floating and the fixed door configurations. The next
two subdivisions present the results of the installed nozzle, first for the floating door
configuration and then for the fixed door configurations.

Performance Comparison of Installed and Isolated Nozzles

As will be shown in the next subdivision, peak performance of the installed nozzle
at minimum afterburner power and over the Mach number range of 0.7 to 0. 95 occurs
with the doors open to about the 8°-16° position; at maximum afterburner power and
over the Mach number range of 0. 9 to 1.3, it occurs with the doors closed. Peak per-
formance for the isolated nozzle (ref. 6) at maximum afterburner power also occurs
with the doors closed. But at minimum afterburner power, it occurs with the double-
hinge doors full open (10°-20°).

A comparison of the peak performance of the installed nozzle with that of the iso-
lated nozzle is shown in figures 11(a-1) and (a-2) as a function of Mach number. Fig-
ure 11(a-1) presents the results at minimum afterburner power and figure 11(a-2) shows
them for maximum afterburner power. At minimum afterburner power, the perform-
ance of the installed nozzle was lower than that of the isolated nozzle for Mach numbers
below 0.9. However, for Mach numbers between 0.9 and 1. 0, the performance of the
installed nozzle was higher than that of the isolated nozzle. At maximum afterburner
power, the installed nozzle also gave higher performance than the isolated nozzle for
Mach numbers between 0. 9 and 1. 0.

Figure 11(b) presents the comparison in terms of boattail pressure drag for both
minimum (fig. 11(b-1)) and maximum (fig. 11(b-2)) afterburner power. Installation of
the nozzle caused a significant reduction in boattail drag especially at high subsonic
Mach numbers (0.9 to 0. 95) as the terminal shock moved toward the boattail increasing
the pressure on the boattail. Above Mach 0. 95, the terminal shock moved aft of the
boattail and the decreased pressure on the boattail resulted in an abrupt increase in
drag.

Figure 12 shows, for both the installed and the isolated nozzle, how the nozzle
gross thrust coefficient and the ratio of boattail pressure drag to ideal primary thrust
are affected as the double-hinge doors are opened. The results are presented at mini-
mum afterburner power for Mach numbers of 0.7, 0.8, 0.9, and 0. 95. A large in-
crease in performance occurred for both the installed and the isolated nozzle as the
doors were opened to the 5°-10° position. The isolated nozzle performance continued
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to increase as the doors were opened further and reached a maximum value with the
doors full open. For the installed nozzle, however, performance peaked with the doors
opened to about the 8°-16° position.

Also shown in figure 12 is the effect of double-hinge door position on the ratio of
boattail pressure drag to ideal primary thrust. For both the isolated and the installed
nozzle at low subsonic Mach numbers (0.7 and 0. 8), a small decrease in boattail pres-
sure drag occurred as the doors were opened. This was because the flow over the boat-
tail recompressed to a slightly higher value with the doors open than with the doors
closed. There is not much difference in boattail drag between the installed and the iso-
lated nozzle at low subsonic Mach numbers. But at high subsonic Mach numbers (0. 9
and 0. 95), the drag of the installed nozzle is considerably lower than that of the isolated
nozzle (as is also shown in fig. 11(b-1)). The difference in boattail pressure drag be-
tween the isolated and the installed nozzle accounts for the difference’in nozzle gross
thrust coefficient only when the doors are closed or partly open. With the doors full
open, the internal performance of the installed nozzle apparently was considerably
poorer than that of the isolated nozzle. Thus, the potential installation benefit available
at high subsonic speeds, due to lower installed drag, is not realized with the doors full
open.

Figure 13 shows how the nozzle gross thrust coefficient of the installed nozzle com-
pares with that of the isolated nozzle for the single-hinge door configuration. The re-
sults are presented as a function of Mach number for minimum afterburner power. For
both the 16° and the 20° door configurations (figs. 13(a) and (b), respectively), the per-
formance of the installed nozzle was lower than that of the isolated nozzle for Mach
numbers below about 0. 85. Thus, at minimum afterburner power, an unfavorable in-
stallation effect occurred not only for the double-hinge doors but also for the single-
hinge doors.

It has already been pointed out, in connection with figure 12, that the unfavorable
installation effect at minimum afterburner power was apparently due to the relatively
poor internal performance of the installed nozzle. Internal performance is affected by
the external flow field ahead of the auxiliary inlet doors. In this region there is a con-
siderable circumferential variation in boundary-layer height and profile (as previously
reported (ref. 4)). This is illustrated in figure 14 for minimum afterburner power and
the 8°-16° double-hinge doors. There is a region of relatively low energy within the
boundary layer of the rake located near the top of the nozzle. It is especially evident at
Mach 0. 86 (fig. 14(c)). Also shown in figure 14 is the ratio of momentum thickness to
nozzle maximum diameter for each of the three boundary-layer rakes. The momentum
thickness ratio 6**/dn is greatest for the rake at 11°, which is near the top of the noz-
zle. The value for the isolated nozzle is also shown in figure 14 and is considerably
less than the value near the top of the installed nozzle. On the inboard side and on the



bottom of the nozzle, however, the values for the installed nozzle are somewhat less
than the value for the isolated nozzle.

One of the consequences of this adverse flow field is a lower total-pressure recov-
. ery inside the doors of the installed nozzle compared to that for the isolated nozzle.
This is shown in figure 15 for minimum afterburner power and for 50-100, 8°- 160, and
10°-20° double-hinge doors. Also, it can be seen in figure 15 that the pressure recov-
ery varied from door to door.

Figure 16 presents a comparison of the nozzle gross thrust coefficient for the in-
stalled and the isolated nozzle, each having floating doors. The results shown by the
symbols are for minimum afterburner power and Mach numbers of 0.7, 0.8, 0.9, and
0.95. For the installed nozzle, the door position is the average position of the 16 doors
since, as will be shown in the next subdivision, all the doors did not float to the same
position. The curves are repeated from figure 12. For the installed nozzle, the doors
floated to the position that gave close to peak performance obtained with the fixed doors.
However, this was not the case for the isolated nozzle, where the doors floated too far
closed and thus resulted in performance considerably below optimum.

Performance of Installed Nozzle With Floating Doors

For the installed nozzle, as just mentioned, the doors floated to the position that
gave close to peak performance at minimum afterburner power. Figure 17 presents the
comparison at military and maximum afterburner power. The results are shown as a
function of Mach number. For both of these power settings, the doors also floated to
the position that gave close to peak performance. Also shown in figure 17 is the aver-
age position of the floating doors. The doors floated to about the 70-14° position at
military power and almost closed, about 20-40, for maximum afterburner power.

The floating doors were pressure actuated and moved according to the pressure
difference across them. The position of each of the 16 doors is shown in figure 18 for
minimum afterburner power at a Mach number of 0.9. A considerable difference exists
in the positions of the doors, which corresponds approximately to a circumferential
gradient in local external static pressure. The relatively high external pressure region
near the top of the nozzle is responsible for the doors being full open in the vicinity of
the elevon trough. But the air drawn into the ejector through these doors was from a
relatively low-energy region of the flow field. Near the bottom of the nozzle, as pre-
viously mentioned, a relatively high-energy region exists. But little of this higher
energy air can get into the nozzle because the doors are almost completely closed. This
situation contributes to the relatively poor performance of the installed nozzle.

During flight, the position of each of the 16 floating doors was recorded on the on-
board analog system. A typical response of a floating door to changes in power setting

10



is illustrated in figure 19 for a Mach number of 0.9. From maximum afterburner power
the throttle was pulled back, at a moderately fast rate, until military power was
reached. The procedure was then reversed. The door exhibited stable operation. In-
flight motion pictures of the floating doors showed that they remained stable over the
entire range of flight conditions tested.

Although the auxiliary inlet doors were allowed to float, the trailing-edge flaps were
not. They were simulated in the closed position with rigid structure. Figure 20 shows
the direction the trailing-edge flaps would move if allowed to float. (The moment anal-
ysis is given in ref. 6.) At minimum afterburner power, the flaps would move off the
inner stops at Mach 0. 9 or less because the internal flow was effectively separated from
the walls, resulting in high internal wall pressures relative to boattail pressures. As
the Mach number increased above 0. 9, the internal flow became effectively attached to
the wall, lowering the internal flap pressure; and the external terminal shock around
the nacelle increased the external boattail pressure. Consequently, the trailing-edge
flaps would move toward the inner stops. At military power, the flaps would be on the
inner stops only at Mach numbers very near 1.0. Isolated data of reference 10 indicate
that this increased exit area would further reduce performance.

At maximum afterburner power, the flaps would be on the inner stops at Mach num-
bers from 0. 98 to less than 0.9. The internal flow was effectively attached to the wall
for some distance downstream of the secondary throat, providing low internal pressures
relative to boattail pressures. As the Mach number increased, the nacelle terminal
shock moved off the boattail and provided a sharp reduction in boattail pressures, which
caused the tendency for the flaps to move off the inner stops.

Figure 21 illustrates how the nozzle gross thrust coefficient is affected by changing
the corrected secondary weight flow ratio at Mach 0. 9. The results are shown for power
settings of military, minimum afterburning, and reheat A afterburning (dg/dg = 1. 55,
1.40, and 1. 27, respectively). For all three power settings, the increase in nozzle
gross thrust coefficient was nearly directly proportional to the increase in corrected
secondary weight flow ratio. When the data were presented in terms of the nozzle per-
formance coefficient, which accounts for the ram drag of the secondary airflow, there
was not much change in performance as corrected secondary weight flow ratio was in-
creased. Also shown in figure 21 is the effect of corrected secondary weight flow ratio
on the average position of the floating doors. The doors exhibited a slight tendency to
move to a more closed position as corrected secondary weight flow ratio was increased.

The principal purpose of the auxiliary inlet doors is to allow tertiary air to enter
the nozzle and help reduce the overexpansion of the primary jet. As Mach number in-
creases, the nozzle becomes less overexpanded and, consequently, less tertiary air
is required. An estimate (using total-pressure rakes) of the amount of tertiary air en-
tering the nozzle as a function of Mach number is presented in figure 22. Tertiary air-
flow is expressed in terms of a corrected tertiary weight flow ratio and the results are
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presented for power settings of military and minimum afterburning. The amount of
tertiary airflow entering the nozzle decreases quite sharply as the Mach number is in-
creased above 0.8. This is especially evident at minimum afterburner power. Also
shown in the figure is the effect of increasing corrected secondary weight flow ratio on
corrected tertiary weight flow ratio at Mach 0. 9. The results are presented for three
power settings. As expected, the amount of tertiary air entering the nozzle decreases
as more secondary air is supplied. But the decrease is rather small. For example,
at military power, the corrected tertiary weight flow ratio decreased from about 0. 16
to 0. 15 as the corrected secondary weight flow ratio increased from 0. 03 to 0. 06.

Considerations such as the routing of electronic or hydraulic lines might dictate that
some of the floating doors be blocked closed. Three door blockage configurations were
investigated at minimum afterburner power and are shown in figure 23. In one config-
uration the top three doors were closed and in another the door under each elevon-
nacelle juncture and the bottom door were blocked close. (Fig. 4(c) shows the doors
under the outboard elevon-nacelle junction blocked closed.) These configurations re-
sulted in about 19 percent of the door open area being blocked closed. In the third con-
figuration two doors under each of the elevon-nacelle junctions and three doors at the
bottom of the nozzle were closed. It resulted in about 44 percent of the door open area
being blocked closed. For all three configurations the unblocked doors were allowed to
float under the influence of air loads.

The effect of door blockage on nozzle gross thrust coefficient is shown in figure 23
" for Mach numbers 0.7 and 0. 9. Blocking closed as many as seven of the 16 doors did
not have a marked effect on performance. Apparently sufficient tertiary airflow was
provided through the remainder of the doors. '

Performance of Installed Nozzle With Fixed Doors

A comparison of nozzle gross thrust coefficient at minimum afterburner power be-
tween double- and single-hinge fixed door configurations is shown in figures 24(a) and (b)
as a function of Mach number. Figure 24(a) presents the comparison between 16° and
8°9-16° doors and figure 24(b) shows it for the 20° and 10°-20° doors. (The 16° or
8°-16° door conf1gurat10ns provide an open area at the door trailing edge AAID of
883.2 cm? (136.9 in. 2): for the 20° or 10°-20° door configurations, A AID = 1052 cm
(163 in. 2)). The nozzle gross thrust coefficient was higher with the double-hinge doors

2

than with the single-hinge doors. For the 8°-16° doors and at Mach 0. 9, for example,
the nozzle gross thrust coefficient was about 0. 945, which is about 2 percent greater
than that for the 16° doors.

Nozzle performance is also compared in terms of an internal performance coeffi-
cient which excludes the external drag of the nozzle. (External drag is the sum of the
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pressure drag on the boattail and on the external surface of the doors plus skin friction.)
There is no noticeable difference in the internal performance coefficient between the
single- and double-hinge door configurations. This suggests that the major reason for
the higher performance of the double-hinge door configurations is the lower pressure
drag on the double-hinge doors. The effect of going from single-hinge to double-hinge
doors on door drag is similar to the effect of rounding the boattail junction on boattail
drag (ref. 2).

Another parameter that is indicative of a change in internal performance is the
secondary-to-primary total-pressure ratio. A change in this parameter reflects a
change in pressure level in the primary nozzle base region which, in turn, affects in-
ternal performance. A comparison of this parameter at minimum afterburner power
between single- and double-hinge fixed door configurations is shown in figures 25(a)
and (b) as a function of Mach number. Figure 25(a) presents the comparison between
the 16° and 8°-16° doors and figure 25(b) shows it for the 20° and 10°-20° doors. Going
from 16° to 8°-16° doors does not affect the value of secondary-to-primary total-
pressure ratio. This is consistent with the previous result that there is no noticeable
difference in internal performance when using either the 16° or the 8°-16° doors.
However, going from 20° to 10°-20° doors does result in a slight increase in the value
of secondary-to-primary total-pressure ratio. Thus it appears that at least some of
the increase in the value of thrust minus drag with the 10°-20° doors as compared to
the 20° doors comes from an increase in internal performance.

As previously mentioned, the 8°-16° doors gave close to optimum performance for
military and minimum afterburner power. This was due principally to the increase in
internal performance as tertiary air was drawn into the ejector. It can also be illus-
trated by examining the secondary-to-primary total-pressure ratio. An increase in
secondary-to-primary total-pressure ratio for a constant value of corrected secondary
airflow is the result of tertiary air entering the ejector nozzle. As the doors open and
tertiary air enters the nozzle, additional air must be pumped by the nozzle, requiring
an increased secondary total pressure. This, in turn, improves nozzle performance.
Conversely, if the doors open and air escapes from the nozzle, the secondary total
pressure decreases and so does nozzle performance.

Figure 26 presents the secondary-to-primary total-pressure ratio as a function of
door opening for a Mach number of 0. 9. The results are shown for both minimum and
maximum afterburner power. At minimum afterburner power, the secondary total
pressure continues to rise as the doors are opened until the 8°-16° door position is
reached. Opening the doors wider has no noticeable effect on secondary total pressure.
At maximum afterburner power, the secondary total pressure decreases as the doors
open. Note that for both power settings, the door position that gives the highest value
of secondary total pressure also gives close to peak nozzle performance. (See figs.

16 and 17 for door positions that give peak performance.)
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Another indication of the effect of tertiary air entering the ejector is the static-
pressure distribution along the internal surface of the nozzle. This is shown in figure 27
for minimum afterburner power and a Mach number of 0. 9. With the doors closed (fig.
27(a)), the shroud static-pressure ratios pw/PS are considerably below ambient pres-
sure ratios pO/ P8 throughout most of the nozzle. As the doors are opened to the
5°-10° position (fig. 27(b)), tertiary air enters the nozzle and increases the level of the
wall static pressures although some overexpansion still occurs. As the doors are
further opened to the 8°-16° position (fig. 27(c)), the wall static-pressure level in-
creases and becomes essentially ambient or slightly above ambient throughout the noz-
zle. This suggests that more tertiary air enters the nozzle. Opening the doors to the
wide-open position (fig. 27(d)) has little additional effect on internal pressures, suggest-
ing that little, if any, additional tertiary air enters the nozzle.

Also, as mentioned, the closed doors gave highest performance at maximum after-
burner power and the decrease in performance as the doors were opened was probably
caused by air going out the doors. The static-pressure distribution along the internal
surface of the nozzle is shown in figure 28 for maximum afterburner power and a Mach
number of 0.9. With the doors closed (fig. 28(a)), the wall static pressures on the con-
vergent surface (x/d8 < 0.5) are slightly above ambient but the wall static pressures
downstream of this surface are mostly below ambient. Opening the doors (figs. 28(b)
to (d)) had no significant effect on the static-pressure distribution downstream of the
convergent surface, suggesting that no appreciable tertiary air enters the ejector.
However, opening the doors did affect the wall pressure distribution on the convergent
surface, causing the downstream pressures (0. 25 < x/d8 < 0. 5) to be higher than the
upstream pressures. The difference became more pronounced as the doors were opened
wider. This suggests that air was escaping from the nozzle through the doors.

The effect of corrected secondary weight flow ratio on nozzle performance is pre-
sented in figure 29 for the 10°-20° fixed door configuration. The results are shown at
a Mach number of 0.9 and for power settings of military, minimum afterburning, and
reheat A afterburning (dg/dg = 1.55, 1,40, and 1. 27, respectively). Increasing cor-
rected secondary weight flow ratio from 0. 035 to 0. 060 increases nozzle gross thrust
coefficient only about 1 percent. If the nozzle gross thrust coefficient is penalized for
ram drag of the secondary airflow, there is no noticeable improvement in performance
as corrected secondary weight flow ratio is increased.

SUMMARY OF RESULTS

An investigation was conducted to determine the performance of an installed auxil-
iary inlet ejector nozzle over a Mach number range of 0.7 to 1. 3 and to compare it with
the results obtained from an isolated nozzle. The ejector trailing-edge flaps were
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simulated in the closed position with a rigid structure which provided a boattail angle of
15°. Both floating and fixed door configurations were investigated. The floating con-
figuration consisted of double-hinge doors. The fixed door configurations consisted of
three sets of double-hinge doors (50— 100, 8°- 160, and 100—200), two sets of single-
hinge doors (160 and 200), and closed doors. Data were obtained over a range of cor-
rected secondary weight flow ratios from 0. 035 to 0. 060, ejector-exit to primary-
nozzle-exit effective diameter ratios dg/dg of 1,55, 1.40, and 1.23, which correspond
to military, minimum afterburner, and maximum afterburner power settings, respec-
tively, of the primary nozzle. Primary exhaust gas temperatures ranged between

982. 2 and 2003. 3 K (1768° and 3606° R). Results of the investigation may be summar-
ized as follows:

1. At minimum afterburner power, there was an unfavorable installation effect for
Mach numbers less than 0.9 and a favorable effect for Mach numbers between 0.9 and
1.0. At maximum afterburner power, a favorable installation effect also occurred for
Mach numbers from below 0.9 to 1. 0.

2. The installation caused a favorable reduction in boattail pressure drag at sub-
sonic Mach numbers. This effect tended to be offset, however, by relatively poor in-
ternal performance of the installed nozzle due to poor auxiliary inlet performance.
This, in turn, resulted from large circumferential variations in static pressure which
caused unsymrhetrical door deflection and a distorted boundary layer upstream of the
doors.

3. For the installed nozzle, the doors floated to about the same intermediate po-
sition as was estimated for the isolated nozzle. This position corresponded to near-
optimum performance for the installed nozzle but considerably less than optimum
performance for the isolated nozzle. Performance of the isolated nozzle could be sig-
nificantly improved with the doors held full open.

4. Blocking closed seven of the 16 floating doors did not have a marked effect on
performance.

5. Higher performance was obtained with double-hinge than with single-hinge fixed-
open door configurations due principally to the lower external pressure drag on the
double-hinge doors.

6. Increasing secondary corrected weight flow ratio from 0. 035 to 0. 060 at
Mach 0. 9 increased performance about 2—21~ percent with the floating doors but only about
1 percent with the 10°-20° fixed-open doors.

7. I the trailing-edge flaps had been floating rather than fixed, they would have
moved off the inner stop at a Mach number of 0. 9 and less for minimum afterburner
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power. At maximum afterburner power, the flaps would be on the inner stops at Mach
numbers from less than 0.9 up to 0. 98.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, July 19, 1971,
720-03.
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APPENDIX A

SYMBOLS

area (cold), cm? (in. 2)
auxiliary-inlet-door open area, cm2 (in. 2)

nozzle maximum cross-sectional area, 3166.9 cm2 (490. 9 in. 2)

overexpansion area, cm2 (in. 2)

primary-nozzle-exit effective flow area, cm2 (in. 2)

axial length (fig. 5), cm (in.)

pressure drag coefficient, pressure dra;:;/qun

external skin-friction drag coefficient, skin friction/qOAn
auxiliary-inlet-door opening moment coefficient, moment/qOA nd n
trailing-edge-flap opening moment coefficient, moment/q OA ndn
nozzle drag, kN (lbf)

nozzle maximum diameter, 63.5 cm (25 in.)

ejector minimum shroud diameter, cm (in.)
primary-nozzle-exit effective diameter, cm (in.)

ejector-exit diameter, cm (in.)

nozzle thrust, kN (1bf)

pressure altitude, m (ft)

axial distance from primary nozzle exit to secondary throat, cm (in.)

axial location of primary nozzle throat, cm (in.)
axial distance from primary nozzle exit to ejector exit, cm (in.)
auxiliary-inlet-door length (fig. 5), cm (in.)

Mach number

ratio of boundary-layer momentum thickness to nozzle maximum diameter

ram drag of secondary airflow, kN (lbf)
absolute total pressure, kN/m2 (psi)
absolute static pressure, kN/m2 (psi)

dynamic pressure



R maximum axial length of auxiliary inlet door section (see fig. 5), cm (in.)

g boattail junction radius, cm (in.)

S auxiliary-inlet-door dimension (see fig. 5), c¢m (in.)
T absolute total temperature, K (°R)

V/VL ratio of local to local-free-stream velocity

VL/V0 ratio of local-free-stream to free-stream velocity

w weight flow, kg/sec (Ibm/sec)

X axial distance from primary nozzle exit, cm (in.)

Y distance from nozzle external surface, cm (in.)

z distance from flap internal surface, cm (in.)

10 aircraft angle of attack, deg

v primary nozzle convergence angle (fig. 3), deg

0 elevon deflection angle (+down, -up), deg

) auxiliary inlet door angle (fig. 5), deg

t moment-center for floating door moment analysis (fig. 51)

(""\/;)s corrected secondary weight flow ratio, (Ws/WS)‘/Ts/TS

(wv;)t corrected tertiary weight flow ratio, (Wt/Wg)‘/ TO/ Tg

Q@ angle for floating door moment analysis (fig. 51)

' moment-center for floating door moment analysis (fig. 51)
Subscripts:

AID auxiliary inlet door

CS . c¢ylindrical shroud

c cavity

d downstream

ip one-dimensional isentropic expansion of primary flow
s secondary

t tertiary

u upstream

w ejector wall

B boattail
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free stream
nozzle throat

ejector exit
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APPENDIX B

NOZZLE PERFORMANCE CHARACTERISTICS

Nozzle gross thrust coefficient, internal performance coefficient, and pumping
characteristics are presented for each door configuration and for power settings of

military, minimum afterburning, and maximum afterburning (dg/dg values of 1. 55,

1. 40, and 1. 23, respectively). Also shown are the ratio of nozzle pressure drag to

ideal thrust ratio and the trailing-edge-flap moment coefficient. These results are pre-
sented in figures 30 to 50.
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APPENDIX C

FLOATING-DOOR MOMENT ANALYSIS

The auxiliary inlet ejector nozzle results of reference 6 used fixed door configura-
tions but included an estimate of nozzle performance based on assuming the doors could
float. The method used to predict the equilibrium position of the doors is given here
along with an indication of how well the method works.

A schematic view of a floating door and the forces acting on it is shown in figure 51.
To determine the total hinge moment at £, the aft door ramp is considered to be a free
body in equilibrium. Then the sum of the forces and moments about W are zero.

Fy sin yy - Fy sin @9 - Fg 8in @4 =0 (c2)
Fycospy+ Fy cos ¢y - Fg COS @q = 0 (C3)

The values of vy, @9, and lz are known for any particular door setting; F; and ll
are determined from the measured pressure distribution on the aft door ramp; F2, F3,
and @q are determined from the solution of equation (C1) and the simultaneous solution

of equations (Cz) and (C3).

Ly
F,=F, — (C4)
27717

2

1 Fysiny, - F, sin ¢
¢4 = tan 171 d 2 2 (C5)
F, cos vq + F2 cos ¢,

) F1 sin vq - F2 sin @9

F3 (C6)
sin ¢3
Then the moment about ¢ caused by the forces on the aft door ramp is
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where y, and 1, are known for any particular door setting and ¢g and Fgq are given
by equations (C5) and (C6), respectively. The moment about ¢ is then

A positive moment would cause the doors to move to a more open position; a negative
moment would cause the doors to move to a more closed position.

The moment has been calculated for floating doors 1, 2, 3, 5, and 9 (see fig. 23 for
circumferential location of the doors). The results, expressed in terms of a moment
coefficient, are shown in figure 52 along with the position to which the doors floated.
The results are presented as a function of Mach number for minimum afterburner power.

Since a door will, in general, float to its equilibrium position, the moment coeffi-
cient should be zero. (This is not true for a door that is forced against a stop.) The
moment coefficient for doors 1 and 2 is zero for Mach numbers of 0. 95 and greater. At
lower Mach numbers where the doors are wide open, the moment coefficient is a posi-
tive value, indicating that the doors would open even wider if they were not against the
stop. Thus, for these two doors, the moment calculation gives accurate results.

For the other three doors, the moment coefficient is close to zero for Mach num-
bers between 0.7 and 1.05. But at higher Mach numbers, the moment coefficient isa -
negative value increasing in magnitude with increasing Mach number. A possible expla-
nation for this could be an inaccurate door position indicator. I the door was forced
completely closed, the moment coefficient would be a negative value even though the in-
dicator might show the door to be partly open.

Another reason concerns possible static-pressure gradients in the vicinity of the
door. If significant gradients exist, the static pressure assumed to act on the internal
and/ or external surfaces of the door may not be representative of the true static pres-
sure. Since there was very limited internal static-pressure instrumentation (fig. 9(c)),
significant circumferential and longitudinal gradients could not be detected. However, a
previous investigation (ref. 7), in which fairly extensive internal instrumentation was
used, did not reveal any significant gradients. External static-pressure orifices were
located along the door centerline so that longitudinal pressure gradients could be ac-
counted for. But pressure gradients across the width of the door could not be detected.
Since a circumferential static-pressure gradient exists around the external surface of
the nozzle in the vincinity of the doors, it seems reasonable that a gradient might exist
across the width of some of the doors.
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TABLE I

- ENGINE POWER SETTINGS

J85 power setting Nozzle throat | Ejector-exit | Nozzle throat| Corrected
area, diameter to temperature.| secondary
A8 primary- T8 weight flow
nozzle-exit ratio,
cm in. effective di- K OR (.cv,:)s
ameter,
d9 d8
Military 700 | 108 1.55 982 | 1768 0.035
Minimum afterburning 858 | 133 1.40 1400 | 2520 .035
Reheat A 1039 | 166 1.27 1855 | 3339 |[0.03 to 0.055
Maximum afterburning 1116 | 173 1.23 2003 | 3606 .05

Figure 1. - Modified F-106B aircraft in flight.

~ Fixed elevon
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link~ e
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Figure 2. - Nacelle - engine installation.
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(a) With 10°-20° open doors.

(b) With closed doors.
Figure 4. - Auxiliary inlet ejector nozzle.

C-69-104




(c) Floating doors (with door blocked closed).

..
e |

(d) With 20° open doors,
Figure 4. - Concluded.

C-69-3930
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(3.625) 1.59 —
1.57 (2.99)
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0.90) 15.24 (6)

Section A-A

(c) Floating doors.

Figure 5. - Dimensional characteristics of auxiliary inlet doors. Door width, 9.83 centimeters (3.87 in.).
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Figure 6. - Dimensional characteristics of ejector nozzle and elevon trough. (All dimensions are
incm(in.).)
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(a) Ejector diameter and spacing ratios.

Figure 7. - Geometric characteristics of ejector nozzle.
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Figure 8. - Secondary passage instrumentation. (Dimensions are in cm (in.).)
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Figure 9. -Ejector nozzle instrumentation details. (Dimensions are in cm (in. ).}
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900
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2 13 1517 19 21
M4|16(18] 20|22

7
dR\

%
\

B

U

90° 90Z
/
Looking upstream
Instrumen- Station Instrumen- Station
tation - tation -
number | M in. number | M in.
1 472,62 | 186.07 15 569.26 |224.12
2 480.92 | 189.34 16 572.19 | 225.27
3 488.87 | 192.47 17 575.18 | 226.45
10 519.35 | 204.47 18 578.28 ] 227.67
11 539.67 | 212.47 19 581.46 | 228.92
12 559.99 | 220.47 20 584.76 | 230.22
13 562.91 | 221.62 21 588.16 | 231.56
14 566.42 | 223.00 22 591.29 [232.79

{d) External static pressures.

Figure 9. - Continued.
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~Cavity pressure, p.
7

e

3

-4

5
6 7 8 9101112134

L
| 1
A
Instrumen-[  Station Instrumen- Station
tation = tation "
number | M n. number | ©™ | In.
Pressure Temperature
1 521.03{205. 13 1 540.94/|212.97
2 523.67{206. 17 2 551.36/217.07
3 521.99(207. 87 3 561.77|1221. 07
4 532.31{209.57 4 572.191225. 21
5 536.63[211. 27 5 582.6 (229.37
6 540.941212. 97 6 593.01/233.47
7 547.5 1215.55
8 554.0 [218.11
9 560.5 [220.67
10 567.00(223.23
11 573.51(225.79
12 580.01(228. 35
13 586.511230. 91
14 593.01|233.47

270°

00

A

180°
Looking upstream

® Pressure
@ Temperature

(e) Internal static pressures and wall temperatures. (x = Station - Ldg Ldg = f(Ag), see fig. 3.}
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Pressure altitude, h,

26x10°
b
2
20
18-

16—

Pressure altitude, h, m

Angle of attack, a; or elevon deflection,

Angle of attack
— — — Elevon deflection

o
'c; 4\\\\ —
) N

/ ,./ —

/ 0 / N

] N <

-4
.6 .8 1.0 1.2 1.4 6 .8 1.0 1.2 1.4

Flight Mach number, Mg

(a) Nominal flight test altitude - Mach number
profile.

(b} Nominal angle of attack and elevon de- -
flection with Mach number.

Figure 10. - Flight conditions.
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Exhaust nozzle pressure ratio, P8/p0

nozzle exit diameter,

do/dg
O 1.5 (military)
O 140 (minimum
afterburning)
A 1,23 (maximum
afterburning)
6
A
4 ¢
j 2y
2
6

2
6
/D/C
. o]
i
.26 8 1.0 1.2 1.4

.Flight Mach number, My
(c) Exhaust nozzle pressure ratio schedule.

Figure 10. - Concluded.



Nozzle gross thrust coefficient, (F - D)IFip

Ratio of boattail pressure drag to ideal thrust, DB/Fip

Installed

— — — lsolated

1.0 T T T

-.\_(\100-20° doors

e qun® \C\ 9\\
.9 .

89-16° doorsy|
of

.8

(a-1} dg/dg = 1.40 (minimum
afterburning); fuvT)g = 0.03;
double-hinge doors.

&
\ R

(a-2) dg/dg = 1.23 (maximum
afterburning); (uJ?)s = 0.05;
closed doors.

-
o

(a) Ejector nozzle thrust characteristics,

12
o\
.08
]
/
/
0 /-
1)
/l
0 _Q-_—_/:CFO~.O/

{b-1) dg/dg = 1.40 (minimum
afterburning); wvT)g = 0.03;
8-16° doors.

.08
. /

6 .8 1.0 1.2
Flight Mach number, Mg

{b-2) dg/dg = 1.23 (maximum
afterburning); wvTlg = 0.05
closed doors.

{b) Boattail drag.

Figure 11. - Installation effect on
peak performance as function of

Mach number.
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Nozzle gross thrust coefficient, (F - D)/Fip

Flight Mach

number,
M
L0 0
0.95
L]
9 / .
/// T
/I
.8
L0
.90
///’-——"//
.9///
v
.8
L0
0 //
,/
.8
1.0
.70 | —
//Q—-\\
.9 A
.8
0 5-10 10-20

Ratio of boattail pressure drag to ideal thrust, DB/Fip

.08

.08

.08

0 L
0 5-10 10-20

Installed
— — |solated

Door position, deg

I I I B

0 25 %0 75 100
Percent full open

L1 1 1 |
0 25 0 75 10

Figure 12. - Instaliation effect as function of door position. Double-
hinge doors; dg/dg = 1.40 (minimum afterburning); WvTlg = 0.035.



Nozzle gross thrust coefficient, (F - D)/Fip

1.0 .
Installed

— — — Isolated

o | :\\c\)\\Q

.9 N
\&

(a) 16° Single-hinge doors.

©o

-
[=]

\\\\
:

(]

.6 .8 L0 1.2
Flight Mach number, MO

(b} 2° Single-hinge doors.

Figure 13. - Installation effect on nozzle gross
thrust as function of Mach number. Single-
hinge doors; dg/dg = 1.40 (minimum after-
burner; (WvTlg = 0.035.
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Radial distance from nozzle surface, Y/dn

42

711

P=
A N
Lo
D//{ ﬁn/
K 8 9 10
(@) Mg = 0.69; @y = 0.0,
7:
)3/ Yin
L~ "
| 7] | ,J
—O/
P
N .8 .9 1.0
(6) My = 0.79; yT)g = 0.03L

L /D/ 3//&
/
|
[j)j/ A/,A/O___/_/O’/c
6 N .8 9 1.0

Ratio of local to local-free-stream velocity, V/VL

{c) Mg = 0.86; WwvT)g = 0.03L

Ratio of boundary-
layer momentum
thickness to
nozzle maximum
diameter,

6%/dy,
0.0224
. 0052
. 0092
.0134 (isolated)

oD

Ratio of boundary-
layer momentum
thickness to
nozzle maximum

diameter,
8%/d,
O 0.0209
O .00
A 0114

.0134 (isolated)

Ratio of boundary-
layer momentum
thickness to
nozzie maximum

diameter,
6°74d,
0O 0.0255
O .0061
o ,0121

. 015 (isolated)

Ratio of local-

free-stream

to free-stream
velocity,

Lorz1
1. 0289
1. 0266

Ratio of local-
free-stream
to free-stream
velocity,
VL/VO

10893
1. 0205
. 9667

Ratio of local-
free-stream
to free-stream
velocity,
UTAN

10960
1.0243
1.0049

Figure 14. - Boundary-layer valocity profile upstream of auxiliary inlet doors. 80 - 16° double-hinge doors.

Rake
location,
deg

11

180

Rake
location,

deg

1

180

Rake
location
deg

n

180



Distance from shroud internal surface,

/A,

.12

.08

¢ Ejector shroud

N Ejector shroud

A
'\Z \Z
Auxiliary inlet— Auxiliary inlet—~ Auxiliary inlet=>

N Ejector shroud

g

Po/Pg Po/Po Po/Pg
Rake )
location,
deg . =
o o
o 25 . l:?
A 45
v % i - °
o 180 @ v ol
O 225 (isolated)
o o ouliRv4 g ©
BV | o o O Y% AveD o
5 6 .7 8 9 10 .5 6 .1 .8 9 1.0 .5 6 .1 .8 .9 10

(@ P-1° doors.

Tertiary- to free-stream-tétal-pressure ratio, Py/Py

b} &-16° doors.

{c) 10°-20° doors.

Figure 15. - Total-pressure recovery inside entrance to auxiliary inlet doors. Conditions: d9/d8 = 1.40 (minimum
afterburning); Mg = 0.9; (u\/fjs = 0.035.

1.0 Installed
- ——— |solated _
= oy ;
o 9 % AVl 2
7 Floating 7
= v, doors
g
S 8
g (@) Mg = 0.7. ) Mg = 0.8.
Z 10
£
z %
g. 9 /é —-—1" / |4
N [ fﬂ
S v s
[=1
= v
) 80 5-10 10-20 0 5-10 10-20
Door position, deg
I S I B I | |
0 25 50 15 100 0 25 50 75 100

Percent full open

() Mg = 0.9.

(d Mg = 0.95.

Figure 16. - Installation effect on performance of floating door
configuration. Conditions: dg/dg = 1.40 (minimum afterburn-

ing); (wvT)g = 0.03.
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Average position of floating

doors, deg

10-20

5-10

Floating doors

] do/dg = 155 (military); (vl = 0.035
A dgfdg = 1.23 (max. afterburningl; @wvTg = 0.05
— ~— —— Optimum performance with double-hinge fixed doors

o 1.0
o e /\
~o0—aQ 23 KQQ\
ge G| ge=tr—go
o
o @
O R
22
S .8
6 .8 1.0 1.2 6 .8 1.0 1.2

Flight Mach number, Mg

Figure 17. ~ Comparison of optimum and floating-door performance of installed
nozzle.

Qutboard Inboard

e Trough
— L

,~Closed

r Trailing edge
“ of door

Figure 18. - Positions of floating doors. Conditions: dgf/dg =
1.40 (minimum afterburning); Mg =0.9; {wvT = 0.035.



I/—Maximum afterburning /,—Maximum afterburning
Closed %‘———k‘ Jl
Open Q ] [————

|._.|5 sec Military . Military

Figure 19. - Response of floating door to changes in power setting. Conditions: Mg = 0.9; (uﬁ)s = 0.05;

bottom door,

Ratio of ejector- Corrected
exit to primary- secondary
nozzle-exit weight flow
diameter, ratio,
do/dg (Vg
0 1,55 imilitary) 0.035
O 1,40 (minimum .035
afterburning)
A 1,23 (maximum .05
afterburning)
.4
sE
T8 2 A
SE
$g & A any]
g=5 pen ‘1( e
TE 0 I o0
= o f"
E Closed| 4
-2
.6 8 L0 L2 L4

i’light Mach number, Mg

Figure 20, - Effect of Mach number on trail-
ing-edge-flap moment coefficient for floating
doors,
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o 10-20
£
3
5 g o1l
o
S, s 0 &
28 Ot
g
=
< 0
e L1
g &
5.9
ET™
o2¢e
227 10
O @ -
=8°
S B =2
.02 .o .06

Corrected tertiary weight flow ratio, vTh

.25

1
.20

%

.15

T~ |\
.10 b

,06 .8 1.0

.08

I
3
Percent full open

Ratio of ejector-exit

to primary-nozzle-
exit diameter,
dg/dg
O 1.55 (military)
O 140 {minimum
A

— 25 afterburning
1. 27 (reheat A)
— 0
_ L1
3
£ =
£
nex
229 10
oG !
£3 = pt B
N O
= 0 0O
02 o .06- .08

Corrected secondary weight flow ratio, WvT)g

Figure 21. - Thrust characteristics and floating door position as function of cor-
rected secondary weight flow ratio. Floating doors; Mg = 0.9.

Flight Mach number,

Mo

(@ As function of My;

vl = 0.035

Figure 22. - Estimated corrected tertiary weight flow ratio for float-

ing doors.

=

]
O
A

Ratio of ejector-exit
to primary-nozzle-
F exit diameter, —

55 (military) —
40 (minimum

1.27 (reheat A)
{0

dg/dg

afterburning) |

"A'\rA...

.02 .0 .06 .08
Corrected secondary weight flow
ratio, WvT)g

{b) As function of ./'t)s;

My = 0.9.



Nozzle gross thrust coefficient,

(F - DIfFy,

Quihoard lg Inboard

Flight Mach
. number,
L0O— Mo

I 0.9
,'I/' 0.7

i |
50 100
Percent of doors blocked closed

ooo

Percent Doors closed
closed
18.75 1,2,16
18.75 3,9,15
43,75 3,4,8,9,10, 14,15
100 AH

Figure 23. - Effect of door blockage on nozzle gross thrust coefficient. Condi-
tions: d9/d8 =1.40 (minimum afterburning); WvT) = 0. 035,
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Ratio of auxiliary inlet

Internal performance

Nozzle gross thrust coefficient,

Ratio of boattail pressure drag to ideal thrust,

door pressure drag to

coefficient,
[(F - D) + D]/Fip

(F - DI/,

Dg/Fip

ideal thrust, DAID/Fip

2

Ol |
O—ﬁ(‘\._.,{f . /07/ *
@ Double-hinge
- ; O Single-hinge
1.1
1.0
ﬁ&-&a’-‘ d Cd
.9
1.0
R it i -/"“5!2\
\ \Y
_ »
.8
g
.16
12 Q\
.08 .
" |
/
0 =y <>—ﬁwszé
- 04
.6 .8 1.0 L2 6 .8 1.0 1.2

Flight Mach nurﬁber, Mg
{a) 16° and 16°-18° open doors. {b) 20° and 10°-20° apen doors.

Figure 24, - Comparison of ejector nozzle performance and pressure drag to
ideal gross thrust ratios for single- and double-hinge doors. Conditions:
dg/dg = 1.40 (minimum afterburning); WwvT)g = 0.035.



Secondary to primary total pressure ratio,

Secondary- to primary-total-pressure ratio, Ps/PS

P/Pg

o' Dout')le-hi'nge
O Single-hinge
*\o
{a) 16° and &-16° open doors.
q
2 e
.6 8 1.0 1.2 1.4

.Flight Mach number, MO
{b) 20° and 10°-20° open doors.

Figure 25. - Comparison of ejector nozzie
pumping performance for single- and double-
hinge doors. Conditions: dg/dg = 1.40
{minimum afterburninglwvTlg = 0.035.

Ratio of ejector -exit to
primary-nozzle-exit

Corrected secondary
weight flow ratio,

diameter, v
d9/d8
—— 1.23 {maximum 0. 052
afterburning)
— — 1.40 {minimum .032
afterburning)
4
.3 T
/"/’
//‘
_A
g
-
ya
v
.2
0 5-10 10-20
Door position, deg
L | | 1 J
0 25 50 75 100

Percent full open

Figure 26. - Pumping performance as function of double-

hinge fixed door position. My

= 0.9.
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Circumferential

location,
deg
0 42 Ambient
© | pressure,
$ 1310) | ratio,
xldg: 0.12 0.9 212 pyPg
4
_ -
[}
'y glp 0 ! [
2 v L
]
0
(a) Doors closed.
.4
oy 5
o LN L] ! i T
'g 2 § ?| o 8 é
°
2
Y
a
=]
ER
& (b) 5° - 10° fixed doors.
.4
% -] ] 8
F—bqd b 2 b
4
.2
{c) 8° - 16° fixed doors.
.4
g |0 |8 8
gt g 4 - o-—+
g I
.2
0 5 1.0 L5 2.0 2.5

) Distance downstream of primary nozzle, xld8
{d} 20° - 20° fixed doors.

Figure 27. - Static-pressure distribution along interval surface of nozzle.
conditions: d91d8= 1. 40 (minimum afterburning); Mg =0.9; (uwl?)s = 0,032
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Internal performance coefficient,

Nozzle gross thrust coefficient,

(F - D1 + Ol

(F - DIFy,

Ratio of ejector-exit to
primary -nozzle-exit

diameter,
11 dg/dg
O 1.55
e} 1.40
N L23
1.0 ALl 68—
.9 A £ 12
i
anpy: :
.3 g .08
a | A B
Nl 22
N 2 .0
g 53— P
L0 A g o—O—%—
A/\ 5 0
=4
)s =
.9
)/) 3/3'\ -0
8 g L 2
. r . .
A 8% i
N sse L1 gl Y
7 $8E o d o
rl oS 4
% 2 Closed
6 gs o—o—l/
6 .8 1.0 1.2 6 8 1.0 1.2

Flight Mach numbe'r, Mg

Figure 30. - Ejector nozzle performance characteristics as function of Mach number

for closed doors.



Secondary to primary total pressure ratio,

Secondary to primary corrected weight flow ratio,

P/Pg

uvT

Ratio of ejector-exit to
primary -nozzle-exit

>Oo

diameter,

1.5
1.40
1.23

Va %

Fliéht Mach number, Mg

Figure 31. - Ejector nozzle pumping characteristics

A AL
o) o} o o
M ] 0 og
"6 8 1.0

1.2

as function of Mach number for closed doors.
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Exhaust nozzle pressure ratio, Pg/pg

Ratio of ejector-exit to
primary-nozzie-exit

diameter,
dg/dg
O 155
O 1.40
O 123
A D
4
o]
O
o
D
D
o
N
in}
u|
0
8 L0 1.2

‘Flight Mach number, M,

Figure 32. - Nozzle pressure ratio as function of Mach number
for closed doors.
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Figure 33. - Ejector nozzle performance characteristics as function of Mach number for °-10° doors.
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Ratio of ejector-exit to

primary-nozzle-exit

diameter,

dg/dg
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Flight Mach number, MO

- Ejector nozzle performance characteristics as function of Mach number

for &-16° doors.

Figure 36.
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Secondary to primary corrected weight flow ratio, wvT

Flight Mach number, Mg

Figure 37. - Ejector nozzle performance characteristics as function of Mach number

for 82-16° doors.
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Ratio of ejector-exit to
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Exhaust nozzle pressure ratio, Pg/pgy

Ratio of ejector-exit to
primary-nozzle-exit
diameter,

- do/dg

L.55 a
1.40
1.3 A

boo

.6 8 1.0

ﬁlight Mach number, Mgy

Figure 38. - Nozzle pressure ratio as function of Mach number
for &-16 doors.

1.2
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Flight Mach number, Mg

for 10°-20° doors.

Figure 39. - Ejector nozzle performance characteristics as function of Mach number
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Figure 40. - Ejector nozzle 'pumping characteristics
as function of Mach number for 10°-20° doors.
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Figure 41. - Nozzle pressure ratio as function of
Mach number for 10°-20° doors,
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Flight Mach number, MO

Figure 42. - Ejector nozzle performance characteristics as function of Mach number for 16° doors.
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Flight Mach number, Mg

Figure 45. - Ejector nozzle performance characteristics as function of Mach number for 20° doors.
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1.4
Flight Mach number, MO

L0

Figure 48. - Ejector nozzle performance characteristics as function of Mach number for unsynchronized
floating doors.
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Figure 51. - Floating door moment analysis.
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Figure 52. - Floating door position and moment coefficient as function of Mach number. Conditions:

dg/dg = 1.40 (minimum afterburning); WvT)g = 0.035.
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