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Summary

An investigation has been conducted in the static
test facility of the Langley 16-Foot Transonic Tunnel
to determine the internal performance of a hybrid
axisymmetric/nonaxisymmetric nozzle in forward-
thrust mode. Nozzle cross sections in the spheri-
cal convergent section were axisymmetric, whereas
cross sections in the divergent flap area were non-
axisymmetric (two dimensional). Nozzle concepts
simulating dry and afterburning power settings were
investigated. Both subsonic cruise and supersonic
cruise expansion ratios were tested for the dry power
nozzle concepts. Afterburning power configurations
were tested at an expansion ratio typical of subsonic
acceleration. The spherical convergent flaps were de-
signed in such a way that the transition from axi-
symmetric to nonaxisymmetric cross section oc-
curred in the region of the nozzle throat. Three dif-
ferent nozzle throat geometries were tested for each
nozzle power setting. High-pressure air was used to
simulate the jet exhaust at nozzle pressurc ratios up
to 12.

Static internal thrust ratio, discharge cocfficient,
and static pressure data indicate that the most ef-
ficient design (the highest level of internal thrust
ratio) requires convergence of the nozzle internal
cross-sectional area up to the divergent flap hinge,
thus allowing for the internal flow to pass through
the transition from axisymmetric to nonaxisymmet-
ric in a region of subsonic flow. This provides higher
thrust levels and discharge coefficients with more
two-dimensional lateral pressure distributions on the
nozzle divergent flaps.

Introduction

Many studies have shown that the performance
of fighter aircraft would benefit from the incorpo-
ration of thrust-vectoring technology into their ex-
haust nozzles (refs. 1 to 13). Thrust vectoring can
allow aircraft to operate at lower speeds than con-
ventional aircraft (allowing short takeoff and landing
capability, see refs. 5 to 8) and at very high angles
of attack that occur during “super-maneuverability”
or post-stall maneuvering (refs. 9 to 13). One nozzle
design that lends itself to modifications for provid-
ing multiaxis thrust vectoring is the two-dimensional
convergent-divergent (2-D C-D) nozzle.

Several investigations into 2-D C-D multiaxis
thrust-vectoring nozzles have shown that by simul-
taneous deflection of the divergent flaps, pitch thrust
vectoring can be accomplished with small or no losses
in resultant thrust ratio, and resultant vector angles
equal to the geometric angle can be achieved (refs. 14
to 18). This can be attributed to the fact that the di-

vergent flaps provide large flow-turning surfaces, and
when deflected they typically force a physical shift in
the throat location that results in subsonic flow turn-
ing. Unfortunately, yaw thrust-vectoring capability
is not as easily integrated into a standard 2-D C-D
nozzle geometry as pitch thrust-vectoring capabil-
ity. Results from the static test facility of the Lang-
ley 16-Foot Transonic Tunnel have shown that yaw
thrust vectoring typically results in decreased nozzle
efficiency and resultant yaw vector angles lower than
the geometric angle (refs. 19 to 22). In addition, noz-
zles with multiaxis thrust-vectoring capabilities tend
to be much heavier than similar nozzles without these
capabilities.

A hybrid axisymmetric/nonaxisymmetric nozzle,
herein called the spherical convergent flap (SCF) noz-
zle, has been designed to provide efficient simul-
taneous pitch and yaw thrust-vectoring capability
and reduced nozzle weight in comparison with other
2-D C-D multiaxis thrust-vectoring nozzles. (See
ref. 14.) The SCF nozzle accomplishes thesc tasks
with an axisymmetric convergent section coupled to a
nonaxisymmetric two-dimensional divergent section.
It provides yaw thrust vectoring by way of a gim-
balling mechanism integrated into the nozzle con-
vergent flaps. Pitch thrust vectoring is achieved by
simultancous deflection of the upper and lower two-
dimensional divergent flaps. The nozzle weight is
reduced because the gimballing mechanism is inte-
grated efficiently into the structure of the axisym-
metric convergent section and the typical transition
section is deleted. The spherical convergent flaps
were designed in such a way that the transition from
axisymmetric to nonaxisymmetric cross section oc-
curred in the region of the nozzle throat.

In the design of the SCF nozzle, it was realized
that there were several options available for the tran-
sition geometry in the throat region. It was essential
to determine the internal geometry required for op-
timum performance in the forward-thrust mode be-
fore investigating the thrust-vectoring capabilities of
this nozzle design because a nozzle typically operates
in the forward-thrust mode during most of the flight
envelope. Investigations into the thrust-vectoring ca-
pabilities of the SCF nozzle have been conducted and
results are reported in reference 14.

The present investigation was conducted in the
static test facility of the Langley 16-Foot Tran-
sonic Tunnel to determine the internal performance
of a hybrid axisymmetric/nonaxisymmetric nozzle
in forward-thrust mode. Nozzle cross sections in
the spherical convergent section were axisymmetric,
whereas cross sections in the divergent flap area were
nonaxisymmetric (two dimensional). Nozzle con-
cepts simulating dry and afterburning power settings



were investigated. Both subsonic cruise and super-
sonic cruise expansion ratios were tested for the dry
power nozzle concepts. Afterburning (A/B) power
configurations were tested at an expansion ratio typ-
ical of subsonic acceleration. Three different nozzle
throat geometries were tested for each nozzle power
setting, resulting in nine different test configurations.
High-pressure air was used to simulate jet exhaust at
nozzle pressure ratios up to 12.

Symbols

A detailed discussion of the data reduction and
calibration procedures can be found in references 23
and 24. Definitions of propulsion relationships used
in this report can be found in reference 24.

Ae nominal nozzle exit area, in?
Ay measured nozzle throat area, in?
Cy nozzle discharge coefficient, w,/w;
F measured thrust along body axis,
Ibf
F/F; internal thrust ratio
F; ideal isentropic gross thrust, lbf,
2vR; 2
wpy/ (.,—7_{-);\/(1},1 + 459.67) [1 - ()" ]
g acceleration due to gravity
(1g ~ 32.174 ft/sec?)
hy nominal nozzle throat height, in.
L axial length of divergent flaps,
2.87 in.
NPR nozzle pressure ratio, p, j/pa
(NPR)q4 design nozzle pressure ratio (NPR
for fully expanded flow at nozzle
exit)
D local static pressure, psi
Pa atmospheric pressure, psi
Pt j jet total pressure, psi
p/ Pt static pressure ratio
R; gas constant, 53.3643 ft/°R
T ; jet total temperature, °F
w; ideal weight-flow rate, Ibf/sec,
2 1+1
. Fy-1
A 751 o )\/ R,(T;; + 459.67)
wp measured weight-flow rate, 1bf/sec

wy nominal nozzle throat width,
3.05 in.

T axial distance from divergent flap
hinge to static pressure orifice

Y horizontal distance from model
centerline to static pressure orifice

z vertical distance from model center-
line to static pressure orifice

a divergence angle of upper and lower
divergent flaps, deg

~y ratio of specific heats, 1.3997 for air

¢ orifice radial angle, positive in
clockwise rotation looking upstream
(see fig. 5), deg

Abbreviations:

A/B afterburning -

SCF spherical convergent ‘ﬂap

Sta model station, in.

2-D C-D  two-dimensional convergent-

divergent
Apparatus and Methods

Description of Static Test Facility

Model testing was conducted in the static test fa-
cility of the Langley 16-Foot Transonic Tunnel. The
model was located in a large room where the jet ex-
haust from a simulated single-engine propulsion sys-
tem was vented to the atmosphere. This facility uti-
lized the same clean, dry, high-pressure air supply
as that used in the 16-Foot Transonic Tunnel and
a similar air control system, which included valving,
filters, and a heat exchanger (used to maintain a con-
stant temperature in the high-pressure plenum). A
remotely located control room contained the controls
for the airflow valves and a closed-circuit television
to observe the model when the jet was operating.

Simulated Single-Engine Propulsion
System

A sketch of the single-engine, air-powered nacelle
model on which the various nozzle models were tested
is presented in figure 1{a). A photograph of the simu-
lated propulsion system is shown in figure 1(b) with a
typical spherical convergent flap (SCF) configuration
installed.

An external high-pressure air system provided a
continuous flow of clean, dry air at a controlled tem-
perature of approximately 85°F. This high-pressure
air was varied during jet simulation up to about



12 atm. The model was secured on a support
strut through which the pressurized air was routed.
The air traveled through tubing in the strut into
a high-pressure plenum chamber. From there the
air was discharged perpendicularly into the low-
pressure plenum through eight multiholed, equally
spaced sonic nozzles located around the high-pressure
plenum. (See fig. 1(c).) This airflow system was de-
signed to minimize any forces incurred during the
transfer of axial momentum as the air is passed from
the nonmetric (not on the balance) high-pressure
plenum to the metric (on the balance) low-pressure
plenum.

A pair of flexible metal bellows (shown in fig. 1(c))
sealed the air system between the metric and non-
metric parts of the model and compensated for
any axial force caused by pressurization. The low-
pressure air then passed from the circular low-
pressure plenum through a circular multiple-orifice
choke plate (flow straightener) and a circular instru-
mentation section, which was common for all noz-
zle models tested. All nozzle configurations were
attached to the instrumentation section at model sta-
tion (Sta) 39.00.

Nozzle Design

An area reduction section (shown in fig. 2) was
attached downstream of the round instrumentation
section to decrease the cross-sectional area of the
duct so that the ratio of duct area to nozzle geo-
metric throat area would closely resemble current en-
gine afterburner duct/nozzle sizing. It was necessary
to decrease the duct area in order to increase the
duct Mach number to an appropriate level of approx-
imately 0.27, typical of afterburning ducts in current
turbojet engines.

All spherical convergent flap sections were at-
tached to the downstream end of the reduction sec-
tion at station 41.65. The spherical convergent flap
sections formed the transition region from axisym-
metric to nonaxisymmetric cross section. The inter-
nal flow traveled through the axisymmetric compres-
sion region and turned over a lip onto a planar surface
just upstream of the hinge for the divergent flaps.
(See figs. 3 and 4.) The planar surfaces of the up-
per and lower convergent flaps formed an angle with
respect to the model centerline. Three different con-
vergent flap throat angles were tested in this inves-
tigation for both dry power and afterburning (A/B)
power configurations. Similar internal shaping in the
convergent flap region formed the sides of the SCF
nozzle, which were parallel to the model centerline.

For the dry power settings, the three convergent
flap throat geometries tested were called the 18°, 0°,
and —18° configurations. The designations of 187, 0°,

and —18° came from nominal angles in the design
of these configurations. The actual angles of the
planar surfaces between the convergent flap lip and
divergent flap hinge varied from these nominal values
because of fabrication processes. The planar surfaces
of the 18° configuration (upper and lower) diverged
19°1’ from the model centerline on the downstream
side of the spherical convergent flap lip and extended
to the divergent flap hinge.

The minimum internal area for this configuration
had a three-dimensional iris shape that was upstream
of the divergent flap hinge between the hinge and the
convergent flap lip. It was not possible to accurately
measure this area. The planar surfaces of the 0° con-
figuration were designed and measured to be paral-
lel to the model centerline between the convergent
flap lip and the divergent flap hinge. This created a
constant area duct of two-dimensional cross section,
providing a passage of minimum internal area for the
nozzle throat. The planar surfaces of the —18° con-
figuration converged (at a 15° angle to the model
centerline) from the convergent flap lip to the diver-
gent flap hinge. This forced the minimum area to
occur at the divergent flap hinge (z = 0). Because
of difficulties measuring the minimum area on the
18° configuration, the throat area for all dry power
configurations was measured at the divergent flap
hinge. This also gives a common reference point
for later comparison of discharge coefficient data.
Note that the subsonic cruise and supersonic cruise
configurations employed the same spherical conver-
gent flap sections but utilized different sets of diver-
gent flaps.

For the A/B power settings, the three convergent
flap throat geometries tested were called the 35°, 17°,
and 0° configurations. The planar surfaces of the 35°
configuration diverged 35°35 from the model center-
line on the downstream side of the spherical conver-
gent flap lip, extending to the divergent flap hinge.
The planar surfaces of the 17° configuration diverged
18° from the model centerline on the downstream
side of the spherical convergent flap lip, extending to
the divergent flap hinge. For both of these configu-
rations, the minimum geometric internal arca had a
three-dimensional iris shape that was near the con-
vergent flap lip and extended over to the sidewalls.
Again, it was not possible to accurately measure this
area. The planar surfaces of the 0° configuration were
parallel to the model centerline between the conver-
gent flap lip and the divergent flap hinge. Again,
this created a constant area duct of minimum inter-
nal area for the nozzle throat. Because of difficul-
ties measuring the minimum area on the 35° and 17°
configurations, the throat area for the A/B power
configurations was also measured at the divergent
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flap hinge. The designations of 35°, 17°, and 0° came
from nominal angles in the design of these configura-
tions. The actual angles of the planar surfaces again
varied from these nominal values because of model
fabrication processes.

The throat angle of the spherical convergent flap
for a dry power configuration changed when the con-
vergent flaps were opened up to go to maximum A /B
operation. The relationship between the throat an-
gles of the dry and A/B power configurations for the
SCF nozzle is explained below for the three geome-
tries examined. The planar sections of the spherical
convergent flaps formed a nominal angle of 18° with
the nozzle centerline when the nozzle was operating
at dry power conditions. When the convergent flaps
were moved to open up the throat arca of the nozzle
(to go from dry to A/B power), the planar surfaces
moved to an angle of 35°. Correspondingly, when
the planar sections of the convergent flaps formed an
angle of 0° with the nozzle centerline at dry power,
the flaps moved to an angle of 17° when in A/B
power. When the planar section of the convergent
flaps formed a nominal angle of —18° with the noz-
zle centerline in dry power, the flaps correspondingly
moved to an angle of 0° when in A/B power.

As stated earlier, nozzle throat arcas were mea-
sured at the divergent flap hinge because of the dif-
ficulty of measurement of certain configurations and
in order to have a common reference point. These
measured areas are tabulated in figure 4. The dry
power nozzle configurations were tested at an ex-
pansion ratio of 1.35 (o = 4.58°, (NPR); = 5.03)
for a subsonic cruise nozzle and at an expansion ra-
tio of 2.00 (a« = 12.86°, (NPR); = 10.65) for a
supersonic cruise nozzle. The maximum A/B con-
figurations were tested at an expansion ratio of 1.20
(¢ = 4.58°, (NPR); = 3.86). Of all the configura-
tions tested, only the —18° dry power configurations
had decreasing cross-sectional internal area all the
way to the divergent flap hinge plane.

Instrumentation

A thermocouple and a pressure probe located in
the high-pressure plenum supplied temperature and
pressure measurements used to calculate the weight-
flow rate of the high-pressure air supplied to the
model. A thermocouple was positioned in the in-
strumentation section to measure the jet total tem-
perature. A rake with five total pressure probes and
an additional total pressure probe were located in
the instrumentation section to measure the jet total
pressure. (See fig. 1{(a).) An average of the six jet to-
tal pressure measurements was used for the jet total
pressure p; ;. Measured values of the temperature
and pressure in the instrumentation section, along
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with the measured nozzle throat area, were used to
compute the ideal weight-flow rate. Details of the
measured and ideal weight-flow rate calculations can
be found in reference 24. A six-component strain
gauge balance was used to measure the forces and
moments on the model downstream of station 20.50.
The balance moment reference center was located on
the centerline at station 29.39.

A maximum of 49 static pressures were mea-
sured on the dry power configurations, and 48 static
pressures were measured on the A/B power con-
figurations. A total of 36 static pressure orifices
were located downstream of the divergent flap hinge.
T'wenty-four orifices were located on the upper diver-
gent flap and 12 were located on the right sidewall.
Static pressure orifices were located on the top cen-
terline and side centerline of the nozzle convergent
flaps with two more orifices located just upstream of
the convergent flap lip (between the centerline and
the sidewall, shown in fig. 5). Static pressure ori-
fice locations were measured from the divergent flap
hinge plane (also considered to be the nozzle geo-
metric throat plane, r = 0) and were nondimension-
alized with respect to the divergent flap length L,
divergent flap half-width w;/2, or nozzle throat half-
height hs/2. These static pressure orifice locations

(:r/ L, 5?75 and ﬁ) are presented in tables 1 to 3

and figure 5. Static pressure (p/p; ;) data are given
in tables 4 to 12 for all configurations investigated.

Data Reduction

All data were recorded on magnetic tape and
taken in ascending order of p; ;. Fifty frames of data,
taken at a rate of 10 frames per second, were used to
compute an average value for each data point. The
basic performance parameters used in the presenta-
tion of results were internal thrust ratio F/F;, noz-
zle discharge coeflicient Cy, and the ratio of internal
static pressure to the average jet total pressure p/ Dty

The internal thrust ratio F/F; is the ratio of
measured nozzle thrust along the body axis to ideal
thrust where ideal thrust is based upon measured
weight-flow rate wyp, jet total temperature T, ;, and
nozzle pressure ratio NPR. The balance axial-force
measurement, from which the actual nozzle thrust F'
is subsequently obtained, is initially corrected for bal-
ance interactions. Although the bellows arrangement
was designed to eliminate pressure and momentum
interactions with the balance, small bellows tares on
the six balance components still exist. These tares
result from a small pressure difference between the
ends of the bellows when internal velocities are high
and from small differences in the spring constants of
the forward and aft bellows when the bellows are



pressurized. These bellows tares were determined
by testing standard axisymmetric calibration nozzles
with known performance over a range of expected
nozzle pressure ratios. The balance data were then
corrected in a manner similar to that discussed in
reference 24 to obtain thrust along the body axis F.

Losses included in the thrust term F', which cause
values of F/F; to fall below 1.0, are caused by fric-
tion and pressure drags associated with the nozzle
hardware. In addition, overexpansion and under-
expansion losses occur when the nozzle is not op-
erating at the design nozzle pressure ratio. These
losses are caused by momentum losses incurred when
the velocity vectors at the nozzle exit plane are not
aligned with the thrust axis.

The nozzle discharge coefficient Cy is the ratio
of measured weight-flow rate to ideal weight-flow
rate, where ideal weight-flow rate is dependent upon
jet total pressure p;;, jet total temperature T; j,
and measured nozzle throat area A;. The measured
- weight-flow rate w, was determined from the pro-
cedure given in reference 24. The nozzle discharge
coefficient reflects the efficiency with which a nozzle
passes weight flow and is reduced by any momentum
and vena contracta losses (ref. 25). Obviously, an
inaccurate measurement of the throat area (due to
three-dimensionality, for example) would bias values
of nozzle discharge coeflicient. This bias cannot be
separated from actual changes in nozzle discharge co-
efficient related to the aforementioned phenomenon.

Test Procedure

All configurations were tested over a range of
nozzle pressure ratios (for dry power, 1.8 up to 12.1;
for A/B power, 1.8 up to 7.8), with NPR being
increased until a balance limit was reached. For all
configurations, data were taken in ascending order
of p;j, and the temperature in the high-pressure
plenum was held constant throughout the test at
85°F to prevent condensation in the divergent section
of the nozzle as the flow was expanded to ambient
conditions.

Results

There were nine spherical convergent flap config-
urations tested in this investigation (three dry power
subsonic cruise, three dry power supersonic cruise,
and three maximum A/B subsonic acceleration). In-
ternal thrust ratio, discharge coeflicient, and inter-
nal static pressure distributions are presented in fig-
ures 6 to 11. Dry power data for both subsonic
(figs. 6 and 7) and supersonic (figs. 8 and 9) cruise
expansion ratios indicated that the —18° configura-
tions performed the most efficiently (had the highest

peak internal thrust ratio) of the three throat de-
signs. Correspondingly, the afterburning power data
(figs. 10 and 11) indicated that the 0° configuration
attained the highest performance of the three A/B
power throat geometries tested. Similar trends were
seen in the discharge coefficient data. (The highest
levels of discharge coeflicient were measured on the
—18° dry power concept and the 0° A/B power con-
cept. For the other configurations tested, however,
it cannot be determined whether the increased losses
in C; were due to the actual nozzle efficiency or to
the incorrect measurement of the actual nozzle throat
area.) Recall from the discussion of nozzle geometry
that these are corresponding configurations. (When
the convergent flaps are opened up, the —18° dry
throat transitions to the 0° A/B throat.)

For the dry power subsonic cruise configurations,
the —18° concept achieved a peak internal thrust
ratio of 0.988 at a nozzle pressure ratio of 6. (See
fig. 6(a).) This nozzle pressure ratio corresponds to
an effective expansion ratio of 1.47, which is higher
than the geometric expansion ratio (Ae/A: = 1.35,
(NPR)y = 5.03). This difference between design and
effective expansion ratio suggests that the effective
nozzle throat area was smaller than the measured
throat area. Values for discharge coefficient (pre-
sented in fig. 6(b)) remained nearly constant at a
level near 0.965 over the nozzle pressure ratio range
tested, about 2 percent lower than comparable 2-D
C-D nozzles (refs. 15 and 18 to 20). The 0° throat
concept attained its peak performance between a
nozzle pressure ratio of 6 and 7. Therefore, the effec-
tive expansion ratio of this configuration was between
the values of 1.47 and 1.59, again higher than the geo-
metric expansion ratio. The discharge coeflicient for
this configuration was at a value of approximately
0.936, almost 3 percent lower than that for the —18°
configuration.

The peak internal thrust ratio for the 18° con-
figuration occurred near a value of 0.972 at a noz-
zle pressure ratio of 8. This is a loss of 1.6 percent
in peak thrust ratio when compared with the —18°
configuration. Again, the effective expansion ratio
(corresponding to the NPR at peak F/F;) of 1.71 is
higher than the geometric value. A nearly constant
value of 0.836 was measured for the discharge coef-
ficient of this configuration, almost 13 percent lower
than for the —18° throat angle.

An examination of static pressure data (presented
in fig. 7) indicated several possible reasons for the
lower internal performance levels and lower values
of discharge coefficient on the 0° and 18° subsonic
cruise throat concepts when compared with the —18°
concept. All three concepts exhibited supersonic
flow at and downstream of the divergent flap hinge.
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Internal static pressure distributions along the con-
vergent and divergent flap centerlines and at several
spanwise locations on the divergent flap indicated
that the —18° subsonic cruise configuration gener-
ally had higher levels of static pressure (figs. 7(a)
and 7(b)) and more two-dimensional flow patterns
downstream of the nozzle throat (fig. 7(c)). Lateral
pressure distributions on the divergent flaps (fig. 7(c))
had little variation as compared with the 0° and 18°
configurations, indicating a well-behaved, nearly two-
dimensional flow. The 0° and 18° configurations had
much higher values of static pressure ratio (lower
flow velocities) near the sidewalls just downstream
of the divergent flap hinge, suggesting highly non-
uniform flow exiting the lip region. It is likely that
the shapes of the nozzle throats (the location at
which p/p; ; = 0.528) of the 0° and 18° configura-
tions were more three dimensional than that of the
—18° nozzle concept, and it follows that flow non-
uniformities and thrust losses would be higher.

A shift upstream in nozzle throat location to an
effective area that is smaller than the measured noz-
zle throat area (which was measured at station 43.74
for dry power configurations for the divergent flap
hinge) would lead to lower levels of discharge coef-
ficient as well as higher effective expansion ratios.
Both of these results were seen in the nozzle internal
performance data presented in figure 6. Decreased
Cy suggests an effectively lower nozzle throat area
than the measured value of A; used in data reduc-
‘tion. Recall from an earlier discussion that the min-
imum internal area on the 18° configuration had a
three-dimensional shape that could not be measured
accurately. If the minimum geometric nozzle internal
area could have been measured, C; would probably
be higher than the values presented herein.

The fairing of the static pressure distributions
along the sidewall centerline through the sonic throat
region on either side of the divergent flap hinge
(fig. 7(d)) was not well-defined by data. However,
it appeared that the sonic condition occurred far-
ther upstream for the 18° configuration than for the
0° and —18° configurations. Nozzle geometry con-
siderations, in combination with discharge coefficient
data and sidewall static pressure distributions, indi-
cate that the nozzle throat of the 18° configuration
formed farther upstream than the sonic location for
the 0° and —18° configurations.

Although not shown, the two values of static pres-
sure ratio measured just upstream of the convergent
flap lip, off the centerline (see tables 4 to 6), indi-
cated that at that location the Mach number was
less than 0.6 (p/p;; > 0.781) for all three subsonic
cruise configurations. Static pressure values just up-
stream of the divergent flap hinge on the centerline
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indicated that the flow is supersonic for all config-
urations. Therefore, the sonic plane formed some-
where between the convergent flap lip and the diver-
gent flap hinge. If in fact the physical throat on the
0°and 18°configurations is located farther upstream
than that of the —18° configuration, then supersonic
flow is passing through a larger portion of the transi-
tion section from axisymmetric to nonaxisymmetric.
This might have been another reason for the higher
thrust losses. The —18° configuration decreased in
cross-sectional area all the way to the divergent flap
hinge. As would be expected, this helped to force the
sonic plane to form close to this hinge, allowing for
the internal flow to pass through the transition from
an axisymmetric cross section to a nonaxisymmetric
cross section at subsonic speeds. Therefore, the —18°
configuration had a more uniform flow pattern (and
therefore less thrust loss) than the patterns for the
0° and 18° configurations.

Similar data trends were seen for the dry power
supersonic cruise concepts. (See figs. 8 and 9.) This
might be expected when considering that the sub-
sonic cruise and supersonic cruise configurations with
the same throat angle employed identical spherical
convergent flap sections. Effective expansion ratios
for these three configurations were also higher than
the geometric expansion ratio of 2.00. This was ob-
vious because none of the internal thrust ratio curves
had reached their peak at the corresponding design
nozzle pressure ratio of 10.65. As the internal perfor-
mance curves approached their peaks, the values of
F/F; for the —18° concept were greater than those
for the 0° and 18° configurations. The discharge co-
efficient was at approximately the same level for the
supersonic cruise concept as for the corresponding
subsonic cruise concept with the —18° configuration
having a higher Cy than both the 0° and 18° config-
urations. Static pressure distributions followed the
same trends as the subsonic cruise concepts.

Recall from a previous discussion that as the con-
vergent flaps are opened up to increase the nozzle
throat area in going from dry to afterburning power,
the —18° dry power configuration would correspond
to the 0° A/B power nozzle. Data trends for internal
thrust ratio and discharge coefficient for A/B power
configurations due to varying nozzle throat geometry
(fig. 10) were similar to those for the dry power data.
The 0° configuration performed the most efficiently
of the three concepts tested. The nozzle peak inter-
nal thrust ratio for the 0° A/B power configuration
(F/F; = 0.988, shown in fig. 10(a)) occurs near a noz-
zle pressure ratio of 4 (NPR)y; = 3.86, Ac/A; = 1.20).
The discharge coefficient leveled out at F/F; =~ 0.950
over most of the nozzle pressure ratio range tested.
The 17° throat configuration reached a peak value



of F/F; of 0.979 at a nozzle pressure ratio near 5.
The effective expansion ratio for this NPR is 1.35,
higher than the geometric expansion ratio. A value
of F/F; of 0.904 was measured for the discharge co-
efficient for this concept. The lowest value of peak
performance was measured on the 35° throat config-
uration at F/F; = 0.973 for a nozzle pressure ratio
of 6. This suggests an effective expansion ratio of
1.47, again higher than the geometric value of 1.20.
Also, the lowest values of discharge coefficient (ap-
proximately 0.847) were measured on this configura-
tion for the A/B power throat areas.

Again, it is likely that the physical throat area is
less than that measured for the 35° and 17° configu-
rations. This would give some reason for the large
losses in discharge coefficient. However, the mea-
sured throat area has no effect on internal thrust ra-
tio. Losses in peak internal thrust ratio are due to
flow nonuniformity and the resultant increased vis-
cous effects in the transition region.

Static pressure distributions for the maximum
A /B power configurations are presented in figure 11.
The 0° concept generally had higher levels of static
pressure downstream of the divergent flap hinge
(figs. 11(a) and 11(b)) and lower levels of flow nonuni-
formity (fig. 11(c)) than those for the 17° and 35°
configurations. However, for the 0° configuration,
lateral static pressure distributions on the divergent
flaps (diamond symbols) did exhibit nonuniform flow
patterns. Flow velocities near the sidewall were at
a lower level than those near the nozzle centerline.
Lateral static pressure distributions for the 0° A/B
power configuration were similar to those for the 0°
dry power configurations presented in figures 7(c)
and 9(c). (See the square symbols.) These flow
nonuniformities disappeared about halfway down the
divergent flap.

Sidewall centerline static pressure distributions
presented in figure 11(d) for the A/B power con-
figurations were markedly different from those for
the subsonic cruise configurations (fig. 7(d)). The
sonic condition occurred farther upstream for the
A/B power configurations (near z/L = —0.12), and
there was little difference in the distributions up-
stream of the divergent flap hinge for the three ge-
ometries tested. All three configurations exhibit a
slight flow compression at z/L between —0.1 and
0.1, and the 0° configuration had a subsonic bubble
(p/pt,; = 0.531) observed at z/L = 0.104. This bub-
ble is probably a small recirculation region of sepa-
rated flow just downstream of the sonic throat. Note
that on this configuration, flow near the sidewall on
the divergent flap surface at /L = 0.104 was super-
sonic (p/p,; = 0.396 in fig. 11(c)).

The flow complexities caused by these A/B power
throat geometries (none of which converged all the
way to the divergent flap hinge) resulted in some
flow nonuniformity downstream of the divergent flap
hinge on all three configurations. However, discharge
coefficient levels for the 0° A/B power configuration
were higher than those for the 17° and 35° configura-
tions. Similarly, the 0° A/B power configuration had
a higher peak internal thrust ratio than the other two
A/B power configurations tested. Note that although
the peak internal thrust ratio of the 0° A/B power
configuration was at the same level as that of the cor-
responding —18° dry power subsonic cruise configu-
ration, the discharge coefficient was about 1.5 per-
cent lower. These results indicate that for maximum
performance and minimum flow distortion, the con-
vergent flap geometry must provide for convergence
of the flow all the way to the divergent flap hinge
plane.

Concluding Remarks

An investigation has been conducted in the static
test facility of the Langley 16-Foot Transonic Tunnel
to determine the internal performance of a hybrid
axisymmetric/nonaxisymmetric nozzle in forward-
thrust mode. Nozzle cross sections in the spheri-
cal convergent section were axisymmetric, whereas
cross sections in the divergent flap area were non-
axisymmetric (two dimensional). Nozzle concepts
simulating dry and afterburning power settings were
investigated. Both subsonic cruise and supersonic
cruise expansion ratios were tested for the dry power
nozzle concepts. Afterburning (A/B) power configu-
rations were tested at an expansion ratio typical of
subsonic acceleration. Three different nozzle throat
geometries were tested for each nozzle power setting.
High-pressure air was used to simulate the jet ex-
haust at nozzle pressure ratios up to 12.

Results of this investigation indicate that the
highest performance levels are obtained when the
nozzle internal cross-sectional area decreases through
the convergent flap section of the nozzle up to the di-
vergent flap hinge plane. This type of design allows
for more two-dimensional uniform flow patterns on
the divergent flaps and a higher static pressure re-
covery. Although the 0° A/B configuration does not
have convergence of the cross-sectional area to a min-
imum at the divergent flap hinge, it still had better
performance and higher discharge coefficients than
those configurations that geometrically diverged up-
stream of the divergent flap hinge.

NASA Langley Research Center
Hampton, VA 23665-5225
October 25, 1990
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Table 1. Static Pressure Orifice Locations for Dry Power
Subsonic Cruise Configurations

(a) Static pressure orifices in top view with w¢ = 3.05 in.

Values of thﬁ at—

z/L =0 z/L = 0.262 z/L = 0.525 z/L = 0.803
—0.604
—.490
—.381
—.280
—.191
—.117
-.007
104 0.104 0.104 0.104
101 191 191 191
295 295 295 295
469 469 469 469
712 712 712 712
921 921 921 921

(b) Static pressure orifices in side view

with hy = 1.31 in.

Values of ﬁ? at—

z/L=0 z/L = 0.916
—0.558
—.456
—.360
—.131
105 0.105
192 .192
.296 .296
470 470
714 714
.923 923
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Table 2. Static Pressure Orifice Locations for Dry Power
Supersonic Cruise Configurations

(a) Static pressure orifices in top view with w; = 3.05 in.

Values of Etyﬁ at—

z/L=0 z/L = 0.262 z/L = 0.525 z/L = 0.803
~0.604
—.490
—.381
—.280
-.191
~.117
—.007
102 0.102 0.102 0.102
187 187 187 187
289 289 289 289
459 459 459 459
697 697 697 697
.900 .900 900 900

(b) Static pressure orifices in side view
with hy = 1.31 in.

Values of ﬁi at—

z/L =0 z/L = 00916
—0.558
—.456
—.360
-.131
105 0.105
192 192
.296 296
470 470
714 714
923 923




Table 3. Static Pressure QOrifice Locations for Maximum
Afterburning Power Configurations

(a) Static pressure orifices in top view with w; = 3.05 in.

Values of 5%5 at—

z/L=0 z/L = 0.262 z/L =0.525 z/L = 0.803
—0.499
—.385
—.276
—.176
—.087
—.007
104 0.104 0.104 0.104
191 191 191 101
295 295 295 295
469 469 469 469
712 712 712 712
921 921 921 921

(b) Static pressure orifices in side view
with hy = 2.29 in.

Values of ﬁ? at—

z/L =0 z/L = 0.524
—0.453
—.352
—.255
-.077
105 0.105
192 .192
296 .296
470 470
714 714
923 923

11



Table 4. Static Pressure Ratios for 18° Dry Power Subsonic Cruise Configuration

(a) Orifices located on nozzle centerline and divergent flap

ylwy 12) = 0
xfL
NPR ;
-.604 -.490 -381 -.280 -191 -117 -.007 .104 .191 .25 .49 .712 .92
1.821 2985 «983 + 984 2983 «973 + 960 +3R13 « 369 +389 +408 X x1} +478 +«515
1.999 +987 + 984 « 987 .9813 « 974 «358 «370 + 311 «330 +346 .382 432 475
2.512 «386 « 9382 « 987 «985 « 974 «959 «307 «253 $ 227 «210 179 + 258 «371
3.005 +386 « 585 « 987 «983 « 974 «957 « 305 249 «225% «209 «179 +180 «304
3.504 +985 «.985%5 -1 «983 « 974 + 959 « 300 246 «223 «209 «179 «180 «238%
4,014 .985 »98% + 988 983 «975 +959 «292 o PbG o223 «208B «179 +180 « 233
5,015 +985% + 985 G808 9813 + 975 «+ 958 «289 o241 223 «209 «179 177 231
6,018 +985% + 986 + 988 983 «975 <959 «290 241 225 «210 «179 <1786 «230
7.007 +985 « 986 . 987 «983 <975 +958 «286 242 228 «212 «180 «1758 229
8.014 «98% «98% «987 .982 <975 «959 « 276 2642 «2?9 212 +180 174 «229
10.031 «985 + 986 . 987 «98? 974 +958 « 262 o 2h4 «227 «209 «179 <174 «229
10,999 «985 + 986 - 987 082 «974 <958 «257 s 244 227 «209 179 175 229
x/L = 0.104 x/L = 0,191 x/L = 0.295
y/(wy /2) y/(wy/2) y/(wy/2)
NPROD o002 525 Laps| .00 .22 .55 L3 | .00 262 .55 a3
1.821 +1KQ « 349 « 290 +5113 «389 «374 «332 v 467 «40R +395 «377 43R
1,999 311 104 P64 <658 +330 «321 «316 434 346 «317 <356 «195
2+517 2283 + 708 o221 b7 $ 227 2?5 «303 400 +210 «?73 «356 «310
3. 005 P69 «200 220 «LAR5 2225 225 « 307 .399 «209 24 +3%58 «307
1.504 24k . 1488 2?19 +4h2 223 «?225 «307 « 397 . 209 2728 «354 LINK
4,014 Wb 197 710 Wb 6? 223 + 225 «30R «397 208 227 +3156 »305
5.015 241 1986 + 220 Y1 223 224 «307 « 306 .209 v 226 + 3151 53013
6, 01R o261 «201 222 +456 225 » 222 301 « 395 .710 «?20 342 «302
7.007 2062 14 227 hb1 228 220 +7BQ «395 212 212 +3213 +302
8,014 2262 7221 227 663 + 229 217 284 + 306 712 «205 +316 «301
10.031 244 218 223 1464 227 «?11 «2B7 +397 «209 .198 «325 «302
10,999 J2b4 217 224 W63 . 227 212 «788 « 397 . 209 «199 «326 +302
X/L = 0.469 XL = 0.712 XL = 0,921
y/wy/2) ylw;/2) ylw/2
NPROT Loo0 .22 .55 .803| .000 .262 .55  .803| .00 .262 .525 803
1.R21 434 420 + 458 «4B4 L0478 478 «502 514 «51% «519 «517 543
1,999 «3R? <370 L6016 o455 «L3? 20 454 « 453 875 77 «%93 «aQ]
2.512 170 171 « 254 « 785 «?58 .198 1913 » 208 «371 +3R1 «355% <199
3.N05 179 173 . 254 283 +1RN «1h2 .101 +208 « 3046 «301 +306 <301
3.504 179 174 54 2R2 «180 1613 2191 + 709 «?35 226 164 +158
4,014 .179 174 + 254 + 287 +1RO 163 «191 «209 «231 «21R 152 «157
5.015% »179 174 + 253 + 2B 177 164 « 191 «708 »231, «209 «153 157
6$.018 .179 2171 248 277 175 . 162 .189 «20h +230 212 152 «157
7.007 TR0 « 155 e 242 2?73 «1758 159 +1RB «201 229 +220 152 «157
B,014 +180 «160 7481 +?70 174 .159 +185 .199 . 279 726 152 «155
10,031 170 154 . 737 +2h8 174 +.159 .182 +196 229 «?33 «1%53 «154
10.999 179 + 1585 $ 237 269 2175 +159 +181 +197 229 «231 +151 1%
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Table 4. Concluded

(b) Orifices located on nozzle sidewall and convergent flap lip

2(hy/2) = 0
x/L
NPR
.58 .45 ~3%0 131 .105  .192 .29 .40 714 923
1.821 «983 972 « Q57 «537 «+489 476 ab1 Y. «509 +539
1.699 +9B2 « 973 + 951 632 «3BD bbb «419 hT4 YY) +4RB
2.512 «983 . 970 «950 «630 » 341 +385 » 365 +287 277 <376
3,005 «982 «973 « 952 631 «339 «383 «362 «28B6 212 «308
3.504 +982 « 974 « 952 «h31 «339 +383 362 «285% 2212 .183
4,014 . 982 9374 +952 «6113 . 139 + 385 «361 + 285 212 161
5,015 «982 974 « 951 «+633 +338 « 385 «359 « 284 «211 « 160
6.018 «981 «976 «952 «633 «337 + 386 +358 +282 «210 «160
7.007 .981 «QTh 952 633 «338 «392 +356 « 279 . 200 2160
8.014 «981 2975 .« 950 633 «136 «305 «357 «278 «206 «160
10.031 . 980 «976 « 950 <631 «335 . 393 +35%7 «278 «205% 161
10.999 +980 . 977 « 950 633 «336 +391 + 3155 «277 » 205 161
z2/{th4/2) = 0.91
x/L
NPR NPR | o
05 .192 .29 .40 .74 .93 38 66
1.821 550 ATh + 459 JARD 509 .56l 1.R2Y +3813 +RAeN + 8RQ
1.999 518 JhGh 425 .Y v 442 + 491 1.999 +370 «RA3 B8
2.512 510 Le0N « 336 « 28K «208 «3175 24512 +307 +R50 «BR7
3,008 509 «377 « 3133 284 » 207 « 304 1,005 + 305 «8h1 +RBY9
3.504 50g » 104 + 3311 «?2813 207 140 2.50¢6 <300 «RAHL .889
4,014 « 500 « 396 « 132 287 +208 «1A0 4,014 «?9? «RE2 +A89
5,015 « 519 » 193 .31 «28D «207 160 §,01% .289 +B859 +888
&£,018 511 «132 . 330 77 7004 .159 H.DIR +290 P&1 +RAR
7.007 515 .3013 .378 272 «190 +159 7.007 286 + 260 +B888
A.,014 « 517 «196 « 130 $ 270 «194 + 157 A N14 «27h P60 .887
10,031 .517 . 390 « 311 + 268 «194 157 1.0 262 +BHO «RRT
10,999 «STA «3108 » 330 260 »195 +157 10.999 257 + 860 +887

ORIGINAL PAGE IS
OF POOR QUALITY
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Table 5. Static Pressure Ratios for 0° Dry Power Subsonic Cruise Configuration

(a) Orifices located on nozzle centerline and divergent flap

yiw/2) =0
x/L
NPR | -.604 -.490 -.381 ~-.280 ~-.191 -117 ~-.007 .104 191 .295 .469 .72 .92]
1,806 +9BO .978 « 980 975 <966 « 40 +236 « 269 «290 .293 +326 +493 +543
2,002 .379 «979 « 981 «976 970 « 946 0234 2269 «287 291 264 hhd 506
2.511 979 «877 «981 «976 «970 «948 «239 « 264 +2B0 .288 262 .288 $327
3.002 380 .980 +982 «976 «969 « 949 + 235 « 260 «276 «28% 262 .288 234
3,507 +980 «981 «982 .78 <969 «949 + 234 « 2%k .273 +283 «261 «288 « 234
4,005 «980 .001 +982 .977 <969 2349 «233 254 271 «282 o261 «288 v 234
5.008 «981 « 980 « 083 .978 +970 949 +226 «250 269 .282 «261 287 «233
6.012 +980 + 981 «983 .978 . 969 +950 221 « 246 « 269 «28% «261 +288 «233
7.010 +9B0 +981 « 381 JOTR <970 . 950 «220 242 2Tk +287 «260 .288 «232
8.006 +980 + 980 + 983 2978 « 969 « 949 «220 « b b «275 .288 « 260 «287 232
10,004 «.980 +9B1 .« 983 «.278 +970 «949 «21% «24% «.275 . 290 o261 .286 .231
11.003 +980 «981 «982 977 +970 «9%0 218 v 243 273 «289 261 285 +229
x/L = 0.104 x/L = 0.191 x/L = 0.295
yl(wy/2) ylwy/2) ylwy/2)
NPR
L0000 .262 .55 .803).000  .262  .525  .803| .000  .262  .525 .803
1.R06 69 254 .49 451 + 290 «379 L 401 L4007 .79 «328 «339 «336
2.00?2 269 254 %) 449 A7 <379 « 401 407 «?91 327 +339 +333
2.511 b - 750 + 439 Jh4b .780 «324 +.399 « 4006 +”88 «324 «337 «332
3,007 260 249 + 436 AhS W 2Th v322 «396 « 405 «285 +323 «336 «329
3,507 o256 285 v 636 W4465 273 319 «392 406 .283 «220 «333 «327
4,005 256 « 247 o440 045 +271 3721 . 392 406 782 .318 «332 327
5,008 250 + 250 . h36 NLXY4 +?69 +326 +390 £406 .282 «316 «331 «32%
6.012 Y.} P69 MUK ES hb? » 269 «331 +« 389 <405 2285 «314 +330 «325%
7.010 P82 243 s 421 Y. « 274 «329 +3R1 405 «287 «316 «326 «323
8,006 244 243 . bl4 Y 275 « 3138 «380 hO& 282 «320 +326 322
10,004 XX 254 014 Y] 275 354 «3RA 402 «290 2322 +329 «323
11,001 2873 «254 W 417 Jeb? « 273 «354 <387 + 400 .289 .319 «327 322
x/L = 0,469 x/L = 0.712 x/L = 0.921
y/(wy 12) y/(wy/2) yl(wy/2)
NPR
000 .262 .52 .83 | .000 .22 .55 .83 .00  .262  .525 .803
1,806 «376 754 « 250 2R3 + 493 + Q7 <490 « %96 543 « 548 550 %138
2.002 264 246 248 276 hb 4 432 JL2R o 51 506 «%00 516 +489
2.511 P67 246 . 745 L2T0 .788 2b4 W2 4 « 217 «327 «316 +361 «379
3.002 262 o 200 02413 4.1 « 288 265 214 «211 234 «?230 «233 2Th
3,507 o?h1 244 « 742 v d.1% 41} 247 +215 +210 «234 728 «230 178
4,005 261 «Phl o241 bt «?R8 %4 .213 209 234 228 230 .178
5.00R 261 P4 . 2309 %4.Y4 «2R7 246 212 « 20" .233 «227 «229 178
Ao 012 261 243 + 218 262 + 288 262 «?11 .208 k! 227 +230 176
7.010 P60 24l .739 «261 JoRRA « 26 710 20R o232 226 «230 JA7%
8.006 260 245 . 239 260 «?R7 232 + 209 . 208 « 232 226 +230 «17%
10,006 2?81 245 267 268 286 2?71 + 206 «207 «?31 227 «231 «170
11,001 281 406 . 241 261 +”?8S 2?6 .208 209 2?9 226 «230 173

ORIGINAL PAGE |5
OF POOR QUALITY



(b) Orifices located on nozzle sidewall and convergent flap lip

Table 5. Concluded

Z(hy/2) = 0
x/L
NPR | _s58 .45 -.3%0 -.131 .105 .19 .206 .470 .714 .93
1.806 <972 961 945 « 726 469 «+378 »352 +330 a72 «520
2.002 974 0962 « 945 720 <4b7 «378 +351 «291 ch&R o673
2.511 +975 96?2 942 <725 bbb «375 «349 + 789 «282 «376
3.002 « 074 +« 064 « 9465 .28 «466 «374 «34B « 2R <206 +30%
3,507 «976 + 945 .« 946 «730 YY) «372 «349 286 «205 o172
4,005 2975 «966 v 946 « 729 487 «370 347 .286 «20% «171
5.008 « 974 « 965 « 945 . T28 Jhbb «368 2346 «284 204 «170
6,012 «37% «967 « 946 .728 466 +368 «345 284 «201 169
7.010 «375 « 967 « 946 .728 k65 +368 348 «282 «199 «169
8,008 974 + 66 . 945 127 x1.1] 367 345 282 «199 169
10.004 974 967 » 945 726 1465 +369 147 «781 «199 «16R
11,003 974 « 968 « 945 «728 'hb64 «367 « 342 «282 +200 168
2/(hy/2) = 0916 ».deg
x/L
NPR| 105 .12 .206 .40 .714  .923 NPR | 0 33 60
1.R06 Y.X) e17 « 355 319 476 G526 1,R06 « 216 +B0OS «898
2.002 e63 W0l16 + 355 2273 hb b 474 ?2.002 234 « 804 « 897
2.511 Jubhl b14 » 355 271 v 252 «37% 2.511 «239 +803 «891
3,002 460 0113 . 155 « 269 207 +305 3.007 «?235 RO + 893
31.507 Y] 415 . 355 P67 « 205 172 3.507 234 +8Nn58 <B4
4,005 +eAY 415 » 3156 + 267 ' 204 172 4,005 +2133 +R05 +893
5.008 JehO S | . 355 « 265 .20 172 5.00R 226 + RO +893
6.012 Y E W13 « 355 « 7864 . 202 170 6.012 «221 +.803 «B893
7.010 b6 415k . 154 262 202 «+170 7.010 2220 +804 +892
R, 00A Y. ¥4 W413 . 353 262 202 « 1A% 8,006 «220 .8013 «B891
10,004 Y.Y4 <408 +«351 270 202 LI 10.004 W21% «ROG «R92
11,003 46?2 N7 + 350 266 »201% -168 11.003 «218 «8013 «B91
10,904 e Y.Y4 PR x4 +350 268 + 203 +16R 10.994 7”19 803 «891
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Table 6. Static Pressure- Ratios for —18° Dry Power Subsonic Cruise Configuration

(a) Orifices located on nozzle centerline and divergent flap

16

y/wy/2) =0
x/L
NPR | - 604 -.490 -.381 -.280 -.191 - 117 -,007 Jd04 191 .295 L9 712 .921
1.815 .976  .076 . 979 .973 .968 .041 L183  .322 .384  .357 <263 467 561
2,017 .976 .679 .979 .973 .968 0962 178 321 .382 «356 $264 +394 468
2.497 .979 .976 .981 .975 .967 .945 165 .321 .380 .352 +263 268 «336
3,015 978 .979 . 980 974 .968 .943 .15% .19 «377 .3%1 .263 246 .27
3,508 .979 «979 .981 .974 .967 L9644 (151 321 377 +349 .263 o246 0233
4,002 .978 .980 .982 .975 .968 V944 147 .325 .378 +349 .262 204 .233
4,997 .979 .979 981 975 .958 944 144 +325 .378 <248 .261 267 0232
5.999 .979 .980 .981 +975 957 1Y) o148 .332 377 +348 261 267 .231
7.008 .975 980 .981 .975 .967 i TY 148 . 342 .378 0347 .261 L2645 .231
8,004 979 .979 .982 .97% . 967 “944 146 354 .378 «346 .261 o242 .231
10.015 .979 +980 .981 .975 L9567 L9464 2149 L3673 .378 .348 .262 .238 .231
1.026 .979 . 980 . 981 .975 4966 «944 -150 .370 .1378 2345 .261 «234 .231
x/L = 0.104 x/L = 0,191 x/L = 0.295
y/(wy/2) y/(wy /2) y/(wy/2)

NPR .000 .262 .525 .83 | .000 .262 .525 .803 | .000 .262 525,803

1,815 L322 .328 .313 L3664 | L3RG .389 .375 L399 .357 .350 .363 .3460

2.017 L3210 327 .333 2342 1382 .388 .373 .398 .358 +149 .363 23139

2,497 2121 L1264 .31 .338 .380 <187 $373 +197 2352 .348 0362 .336

3,015 .319 .323 .328 .316 .377 .387 +371 .395 «351 .45 «362 .333

3,508 .21 .21 .38 .335 .377 .387 . 389 .395 .349 .345 .361 .331

4,003 L1725 .120 .376 L3138 .3178 .36 .368 .39% .349 L3464 +362 .331

4,997 .12% .319 .325 +336 .378 .186 +364 .392 .348 «343 .361 2328

5,999 .332 316 .325 .339 .377 .388 .363 .91 . 348 .66 362 .328

7.008 L3462 .313 . 375 2340 .378 .388 .36 .101 0347 o364 .362 327

£.004 .15 .310 . 326 .340 .378 .189 .361 .392 . 346 L3446 .362 +326
10.01% L1683 .309 .325 L3288 .78 .392 «360 .392 . 345 .346 .363 .326
11.026 .170 .107 .325 .347 .178 .19% .160 .192 . 345 .346 .363 2326

x/L = 0,469 x/L = 0.712 x/L = 0,921
yi(wy/2) yl(wt/2) yl(wy/2)

NPR . 000 . 262 .525 .803 | .000 .262 . 525 .803 | .000 . 262 .525 803

1.815 .26 266 . 257 262 T 459 YY) L6865 W561 V544 .548 544

2,017 Y 1265 . 255 $259 <194 .388 384 3RS 468 466 «459 +468

2,497 0263 .26 . 253 V757 V244 $236 .248 L2642 .338 .339 .356 .359

3.015 .263 . 262 . 253 .253 246 .238 267 $240 .23} .234 .226 221

3,508 263 T .25 .253 $246 .239 247 .239 .233 $233 $226 .221

4,003 262 V263 . 252 .252 244 240 P48 .237 .233 .232 .225 $221

4,997 261 767 . 250 .251 . 247 ‘206 2649 . 232 232 .230 .223 271

5,999 .261 .262 . 250 251 1% . 2645 .269 .229 .23 .229 $224 W221

7.008 261 261 L2490 .250 . 245 $243 0249 .228 23 .229 224 .222

8,006 261 . 261 . 250 250 .242 0263 .249 .227 .231 .229 .223 2222
10.015 V267 .262 250 .2%50 .238 .241 $240 226 231 .228 .223 .222
11.026 261 . 262 .249 L2490 $23% +240 J248 .226 201 .228 .223 222
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Table 6. Concluded

(b) Orifices located on nozzle sidewall and convergent flap lip

2/(hy/2) = 0
x/L
NPR |- 558 -45 -.30 -.131 .105 .192 .296  .470 .74  .923
1.815 +370 «961 « 947 «787 493 «348 «250 «287 «506 «543
2.017 «971 «958 « 946 +788 «%93 +350 «251 286 o423 %86
2.497 «371 « 959 « 945 « 78B4 « 492 «350 «2%0 284 235 «374
3.015 +370 . 961 + 946 + 787 492 «349 + 249 «281 0235 «233
3.508 «972 « 363 047 «789 «491 «349 249 2280 «236 +187
4,003 «371 «963 « 947 «789 « 492 « 349 249 « 279 «236 «186
4,997 «971 « 9613 « 947 +T87 <491 » 349 «25%0 «277 « 2137 <187
5999 «971 « 964 947 »787 «%30 +349 «251 276 «2139 «186
7.0048 «971 Qb4 « Q47 .788 +49% 348 «251 « 276 240 «188
B.004 972 « 9646 « 947 . 787 «4B9 «348 «2%1 « 275 «240 +1864
10.015 +971 « 985 « 947 . 787 +489 «348 253 . 275 202 <186
11,026 + 971 « 965 « 947 «786 + 489 « 348 «2%53 274 «2%3 2186
z/(h1/2) =0.916
- ¢, deg
x/L
NPR | .105  .192  .296  .470 .714  .923 NPR | 0 33 33
1.815 +1PR1 AN 351 « 2?51 UTS «540 1.P1% +183 «7R% + 914
2.017 2301 403 « 1513 «251 2407 473 2.017 «178 «785 «912
2.4G97 +3R2 el «352 + 250 « 220 «175 2.497 «165 T84 +911
1,015 +381 . 307 « 350 « 249 «219 217 31,015 «15% +TR? «911
3.50R »3R? «397 « 350 2?48 «?19 717 1,508 «15%51 + 785 «912
4,003 +3IR2 +3197 « 349 247 2118 217 4,00 147 « 785 +912
4,997 381 « 1956 « 349 2hb . 214 . 718 4,997 146 «783 «910
5.999 « 3RO 104 340G 2745 212 «21Q 5.399 145 <782 <911
7.008 380 «395 « 348 o204 217 «220 7.008 146 «783 .910
£, 004 301 « 195 v 3469 2063 «212 2220 R,004 146 . 782 « 909
10,015 +31R2 «192 « 349 242 «211 «220 10,015 «149 . 7R1 « 909
11.026 +3R4 « 391 « 348 W2h1 .711 219 11.026 .150 791 .908
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Table 7. Static Pressure Ratios for 18° Dry Power Supersonic Cruise Configuration

(a) Orifices located on nozzle centerline and divergent flap

yliwy/2)=0
x/L
NPR | -.604 -.490 -.381 -.280 -.191 ~-.117 * 102 187 289 459 697 .900
1.810 « 385 « 900 « 989 «982 « 976 «9%59 «451 «h51 %52 YY) 478 «490
2.011 « 985 .983 .« 987 .982 «97S 957 «372 «371 «381 <401 k21 « 438
2.507 986 «979 + 986 «982 «374 <957 . 273 .280 +292 «318 «33% 347
3,012 + 285 «381 . 587 .981 «375 «957 183 «175% +164 .188 «255 «297
3.510 985 «983 . 987 «9B82 + 975 « 958 «177 166 146 «127 2197 «233
3,998 +Q85 + 9813 «987 «981 «973 «9%8 «175 164 Y +124 «.187 «205
4,967 +9B5 « 983 « 988 «982 « 975 «357 «174 «160 Wlb4 +125 «106 «168
5.999 +9B84 «984 +987 «982 « 975 «958 «176 «158 «143 126 2108 «102
T.007 «984 « 984 « 987 +982 «975 +958 177 « 156 142 o126 «107 089
8,006 «984 . 985 « 987 .982 «974 +358 177 158 «143 126 2107 089
10,006 +384 « 985 987 +981 974 «958 «178 «156 w142 125 «107 089
11,019 «984 + 985 « 986 «991 + 974 «3%8 177 «156 2143 «129% «1086 +089
12.101 «984 +985 + 984 «981 2974 958 176 «156 o143 «125% «106 .088
* Data not available.
x/L = 0.102 x/L = 0,187 x/L = 0.289
y/(wy/2) y/(wy/2) yi(wy/2)
NPR | ,000 .22 .55  .803| 000 .22  .525  .803| .000 .262  .525  .803
1.8'0 LA «4309 G616 4h? 451 v bob? « 430 JOTR 052 2454 «450 B8
2.011 372 +356 « 333 JB3E «371 « 3141 «150 421 «3P1 +3R0 + 376 Wh23
2.507 273 « 260 v?33 4723 +280 270 a1 «362 «2932 «293 «301 « 314
3,012 183 2128 + 154 + 391 +175 +163 P 1.1 «119 164 « 174 «?257 253
3,510 177 104 +155 .3190 166 +159 .18% 318 2146 +1AA «255 «?251
3,968 175 «172 +153 300 2164 +.159 184 317 144 171 «256 «?50
4,997 174 + 175 « 154 +390 160 157 .180 «317 2148 «.1568 «253 W 249
5,009 «17¢ + 125 » 155 «3090 +158 +158 «1912 «318 ,143 164 2253 249
7.007 OI77 125 . 157 350 156 2157 .108% «11R v142 w162 252 250
8,006 177 171 «157 .301 2156 «157 .195 2310 1413 162 252 «250
10,006 178 120 « 161 392 +156 152 +195 +319 147 155 «250 251
11,019 177 120 o« 1R2 +39? 156 «150 106 320 143 «153 249 52
17.101 1786 +120 «1A2 +3913 156 2150 .196 320 +143 152 2649 251
x/L = 0.459 x/L = 0.697 x/L = 0.900
ylw/2) yl(wi /2) yi(wy /2)
NPR [ 000 .22 .55  .&3| .000 .262 .55  .803 | .000 .262 .55 .803
1.810 Y ab? «4AS JAeRG JOTR aTh 682 «5013 o490 «%R5 491 «519
2,011 2401 » 137 4N +540 W 421 420 JhH2A 452 « 438 + 6135 1Y) 471
24507 +116 «314 + 326 «330 335 « 335 «342 +356 «347 « 345 «357 «371
3,0%? +1P8 161 « 186 +1R? «?55 750 2257 254 297 +303 «13¢ <3124
3.510 o127 +175 174 178 197 191 +115 «.171 231 232 +260 204
3,908 1246 S12R + 184 175 +1A87 » 153 117 «119 « 205 « 705 +208 216
4.997 W125 «12A « 184 178 .106 .087 <111 <119 «169 176 .180 .175
5,009 126 2121 173 »176 +10R LR .109 120 .102 «N75 080 +0R7
7,007 126 W 120 182 176 J107 .08% . 10R . 119 .089 074 078 +O0R%
A,0C% 176 +120 «181 .175 107 +0A85 .108 .119 +.089 072 .078 0B
10,004 125 114 .180 174 «107 JOR%4 « 106 +118 +ORG 073 077 20Rs
11.019 125 +115 +179 176 +106 084 «+105 «117 . 089 2073 077 .085
12,101 125 «115 + 170 176 106 DB +105 2117 +0BR D73 +07¢ +JORS
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(b) Orifices located on nozzle sidewall and convergent flap lip

Table 7. Concluded

2/(hy/2) = 0
x/L
NPR | _ 558 -5 -3%0 ~-131 .105 .192 .29  .4°00 714 923
1.810 «381 «370 «956 «565 +4B6 hbl 037 495 «517 546
2.011 +980 « 970 <953 <647 062 410 o364 +509 432 482
2.507 «981 969 «951 634 +375 « 3159 «313 «256 b 45 «330
3,012 +980 «971 + 952 «632 + 340 «283 o246 «184 «283 +310
3.510 +981 «973 «953 «633 « 340 282 204 .183 «2%9 271
3.998 .981 «973 « 951 +675% «339 .282 243 .183 <125 «2%6
4,997 «981 «974 « 951 o634 «329 + 280 o241 .181 124 «151
5,999 «980 «974 + 951 «633 «338 «280 o262 .180 «124 + 098
7.007 2980 « 975 « 951 +433 «338 « 280 o241 178 «123 .098
8,006 +980 « 975 + 950 +633 «337 +280 241 +178 «122 +098
10.006 +980 «976 + 950 633 «338 «279 2241 <178 «121 «.097
11.019 .980 « 976 + 950 «633 «337 «279 241 177 «.120 097
12.101 «980 <977 -1 1) «633 «337 «279 o241 +179 .120 097
2/(hy/2) =0.916 . deg
x/L
NPR | =
NPRO\ 105 .12 .06 .40 .14 .923 33 66
1.R10 J4R] 420 629 $ 669 «513 G546 1.810 «862 + 894
2.011 «45R .+ 3199 «379 +4B0 449 475 2.011 +B59 RPRQ
2.507 a3P + 360 «317 298 L4605 « 166 2,507 «R5T +BB7
3,017 «38F +315 2?55 W1R2 + 275 +325 1,012 «A58 « 890
3.510 «3IRA w314 « 7?58 +1R1 «255% + 270 1,510 +A58 «890
3.998 «3R7 «313 2568 171 127 «215 3,098 +BSR .889
4,997 « 38R <313 «e?53 .180 125 «156 4,997 +B57 +» 888
5.999 .389 + 313 + 257 179 126 +NO6 5.999 .B58 .588
7,007 +3189 + 312 + 7253 «179 .123 « 095 7.007 +«RS7 .888
B.006& +38q +312 252 176 122 085 a,006 «857 .887
10. 006 +388 <311 « 2952 +178 122 . 095% 10,006 +R57 +887
11.019 .388 +311 « 252 +178 122 » 095 11.019 .857 « 886
12.101 +38R «311 «?52 177 122 «09% 12.101 +AS7 + 887

* Data not available.
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Table 8. Static Pressure Ratios for 0° Dry Power Supersonic Cruise Configuration

(a) Orifices located on nozzle centerline and divergent flap

yiw /2) = 0
x/L
NPR| 604 -.490 -.381 -.280 -191 ~-117 -.007 .102 .18 .28 .59 697 900
1.R0% +381 « 380 + 9R3 W80 2971 2953 ¢ 481 v« 3467 v 343 3863 «400 +495 «549
1.999 +970 P 977 . 9R2 978 «971 +950 42" 249 « 265 +307 « 3560 «439 4958
2.519 «981 . 270 ¢« 982 .970 «971 2952 127 +1h1 «701 »205 «207 «3R3 h24
2,090 JORD 979 . 997 977 + 970 +950 +127 . 159 «199 +203 «197 «?55 «335
3. 508 « QR0 «RD +OR7 ,37R 370 + 950 «117 +1%9 197 202 136 167 P 24R
4,009 « 98] + 980 984 977 + 970 «950 +1086 +158 . 19% +201 «196 + 1456 «22%
£,000 . 981 . 980 -« G4 «970 «971 « 949 099 «155 »190 «201 «195 166 «107
&.001 + QR] +OR1 » 394 WQTR « 970 « 350 «101 +151 . 187 2200 «194 144 «107
7.005% « 98] +9R1 « 982 7R «970 2950 +088 145 <185 +201 +193 163 106
7.99°F 901 + 980 +9R3 Q7R 2970 «950 2100 «1319 185 «203 19?2 o141 «105%
10,010 «9RY 2081 8GR O7TR +370 +950 +099 «135 « 185 «?202 .18° «.139 +103
11.,0rk «OR] $OR] « QR2 277 « 3RO « 949 +107 «134 2185 «201 «1R6 «137 «102
x/L = 0,102 X/L = 0,187 x/L = 0.289
y/{wy/2) y/(wy/2) y/(wy/2)
NPR 1 ooo .22 .s25 .go3|.000 .22 .55 s3] .000 .22 .55 .03
1.805 47 337 « 300 «357 «343 +338 <165 « 304 «163 «367 «392 372
1.999 249 P67 «362 »3111 +«?265 «?58 «315 «352 » 307 «323 +301 +309
?.519 161 162 « 303 « 730 2013 « 220 «278 102 « 205 o265 «251 «263
3,000 +159 151 « 302 « 208 199 «220 277 «300 . 201 YY) <251 262
3.50R 2158 188 «?99 «.7BR 197 224 278 «299 202 245 « 250 «?61
4,008 158 2155 297 « 2864 . 195 «225 277 «299 » 201 0245 + 249 «260
5,000 + 155 »1513 « 793 . 785 .190 +232 275 « 298 «?01 263 247 «2%58
6,001 157 «152 2291 «28¢ JIR7 «236 274 «?98 200 241 +2%6 758
7005 165 +150 +2RA « R4 <185 W 240 275 «798 201 «739 Phl +257
7.998 +113Q « 150 24 286 .185 «239 276 »297 «203 2237 242 + 758
10.010 .173F 151 . 281 286 .185 «235% 276 «297 «203 23K .239 <758
11,004 136 149 782 .291 «1RS 232 2Th 297 «201 + 21358 + 2317 +25P
)
x/L = 0.459 x/L = 0.697 x/L = 0.900
yi(wy /2) yi(wi12) )
NPR 00 .262 2
L0000 262 .525 .83 | .000 262 .525 .803 | . .26 525 .83
1,808 400 A14 Jh49 497 « 495 <499 510 W 528 «549 « 550 «559 «+556
1.999 «360 » 359 610 «411 + 430 5849 +H70 +LRS « 495 «501 +506 «+506
2.510 707 +1R1 192 «?3} « 3183 « 364 412 +383 424 +638 456 «390
3,000 107 .180 «171 « 108 +?55 +1RG 182 278 «335 .328 22 «379
3,50k «195 +178 191 «104 147 .1130 122 143 248 238 « 220 2713
4,008 10 «178 +190 .1912 «l14h 130 122 122 o276 «?20 210 270
5,000 +108 1786 +190 192 144 130 +120 122 «107 112 173 172
6,001 «1094 176 +1R9 162 o144 .131 .120 121 .107 «100 +090 D84
7.005 +191 176 « 197 2191 163 « 111 .119 + 121 +10A . 101 090 084
7.99R J10Q2 176 +» 185 191 « 141 .131 2119 «120 «105% 099 «090 .083
10,010 +1R3 176 « 184 «190 .139 .17 119 120 .103 090 +090 +081
11.00% «1RA + 176 + 1R4 .190 »137 »130 .118 +119 +102 L100 0090 .083
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(b) Orifices located on nozzle sidewall and convergent flap lip

Table 8. Concluded

2(hy/2) = 0
x/L
NPR )

558  -.45 -.30  -.131 .105  .192 .29 .40 .74 923

1.809% «977 e965 « 949 o Th8 +4BG «371 «382 «537 «520 + 543

1,999 «975 964 + 945 +738 «&T7 «356 254 o433 v abt %92

2.519 «975 +962 . 944 .729 463 « 340 223 <366 «371 «366

3,000 975 «965 « 946 «729 062 +3460 223 292 «309 +309

3.508 974 « 965 . 946 «731 YX] 340 223 «15% « 258 «269

4,008 9786 « 966 . 947 + T30 «463 «340 222 + 155 . 125 «2133

5.000 <975 «965 . 945 «728 b2 «341 221 +153 125 +1%52

6,001 975 + 966 946 727 +461 <341 :220 «152 «125 «100

7.005 «975 + 9656 « 946 «728 a6l « 341 «220 151 124 +098

T.998 975 « 966 . 945 2727 460 o341 + 219 «150 124 098

10,010 «374 « 967 « 945 « 726 +hbl o361 +219 <148 «123 . 097

11.006 «974 « 067 « 945 726 460 <341 219 + 148 «123 «097

2/(h1/2) = 0.916 o, deg

x/L

NPR | 105 12 .206 470 .74 .923 NPR | O 33 60
1.805 e .515 . 496 .523 .506 W5%4 1.F05 481 .810 .899
1.999 «118 454 43R «u56 o455 470 1.999 0?28 JANg .898
?.519 «292 +302 260 +«3/3 <365 « 365 2.519 127 «802 +B94
3.000 «290 «307 «?58 .20 +305 «310 3.000 «127 .B801 «B94
3.508 «?RR «298 « 258 21846 «?59 269 3.50R 117 + 804 «R913
4,000 +2RA +298 250 «184 o122 « 237 4,008 106 +8D4 +893
5.000 «281 + 795 + 258 +1R1 1154 172 &,000 0389 .8013 «B892
t.001 276 «2R8 «?5R 182 118 092 6.001 101 «803 +R93
7.00% .?73 « 285 «257 «1R2 114 «091 7.005 088 .803 «A92
7.398 771 « P77 « 257 182 +115 «091 7.998 «100 .801% «BA1
10.010 268 . 278 256 182 2114 091 10.010 . 099 804 +891
11,006 267 278 . 257 «1R1 #2115 +091 11.006 .107 +A013 «890
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Table 9. Static Pressure Ratios for —18° Dry Power Supersonic Cruise Configuration

(a) Orifices located on nozzle centerline and divergent flap

y/(wy /2) =0
x/L
NPR | 604 -.400 -.381 -280 -191 ~-.117 -.007 .102 .187  .280  .459  .697 .90
1.806 +977 « 977 2982 977 «967 0948 k48 «231 .290 «290 468 «55% «560
2.016 «977 976 .979 974 . 967 b4 o142 «217 «27h +260 «&06 +500 «510
2.498 979 974 «979 «977 « 365 <945 143 221 «27% 284 «2013 374 h26
2.999 978 «979 980 «976 « 967 2945 «141 226 « 275 «2%1 202 262 «317
3,459 W77 +978 . 982 976 <967 « 945 +140 «230 2275 +251 202 d4s «263
4,007 979 + 876 . 981 976 « 967 -2 140 0234 275 252 .203 o141 227
5.005% «979 + 979 . 982 «977 968 T e 944 +139 «238 « 277 «251 +202 141 2103
6.020 <970 . 980 «982 976 « 969 » 945 + 140 o242 278 2250 2202 «141 «102
7.007 978 +979 « 981 «976 967 «94b 141 241 .278 250 . 202 «140 102
8.002 «979 «+979 « 982 «976 « 966 +Gbb 2139 241 278 249 s 202 «140 102
10.035 .978 +979 «981 «975 966 -1 .139 «240 279 «249 «202 «140 <102
10,939 «379 +980 » 981 +87% «967 NTYY «.139 o241 279 249 +202 «140 .101
x/L = 0,102 x/L = 0.187 x/L = 0.289
y/(wy 12) y/(wy/2) yl(wy 72)
NPR | L000 .22 .55 .83 | .000 .262  .525  .803 | .000 .262 .55  .803
1.R06 «?31 207 226 230 «290 264 « 267 . 299 «.290 2A4 280 296
2.016 217 <196 . 221 227 274 240 249 « 294 0260 262 +261 «384
2,498 221 <194 222 +226 «275 «237 « 248 .288 « 254 262 258 « 260
?2.969 226 194 272 2?25 275 237 «?&B +288 « 253 2263 257 +260
3,499 « 230 »193 222 227 275 235 « 249 . 286 «251 264 +257 «259
4,007 W24 2192 222 222 275 « 235 . 249 «2R5 252 264 256 . 759
5.005 «23B «190 « 221 o220 277 .2313 268 284 o251 «263 255 «25A
6.020 202 «1R80 220 220 278 0232 2248 784 «250 264 254 258
7.007 PEL R +1890 <219 « 219 +278 «231 247 .283 «250 o264 «2%3 257
8.00? W41 .184 + 218 219 «?78 .230 2247 «2B3 269 204 252 .25%8
10,0135 240 «1A8 217 .719 279 «231 287 203 o749 264 251 o262
10,9139 201 « 18R o216 «?10 « 279 « 731 247 284 249 264 +251 0261
x/L = 0.459 x/L = 0.697 x/L = 0.900
y/(wy/2) ylwy/2) ylwy/2)
NPR | 000 .22  .525 .83 |.000 .22 .55 .03 | .000 .262 .55 .83
1.806 LYY} 0875 o Ghl JOab0 .§55 «555 «55A o545 . 560 « 559 «560 «560
2.,01A YL Y4, RS +65B .500 «502 + 492 b5 .510 +510 <496 479
2.69¢0 203 204 .208 »330 «374 <380 144 R «389 h2b LY ) 427 +3R0
7,999 202 « 206 « 207 2203 + 762 242 227 «30% «317 +323 «405 « 327
7, 499 202 » 205 «20R 701 144 +137 2136 174 261 «256 «251 «285
4,007 203 + 205 207 «.?01 «161 2136 +136 132 o227 2?25 2?75 +219
5.00% 702 204 .207 2200 141 136 «135 #1327 <101 102 119 «133
64020 2n2 « 204 + 20A «199 J141 136 +135 «132 <102 «101 + 096 +096
7.007 202 «203 . 20A 108 w140 137 .134 .132 .102 .100 <098 <095
R, 002 202 +?203 2N6 .198 <140 .138 134 2132 102 .100 098 «09%
10,035 202 202 a 20A 197 2140 «136 «+133 .132 «1n2 «099 2096 +09%
10,0939 202 2202 «2N5 .197 J140 W.\?b «.1313 132 .101 2099 096 095
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Table 9. Concluded

(b) Orifices located on nozzle sidewall and convergent flap lip

2/(hy/2) = 0

NPR
-.558 ~. 456 -, 360 -.131 L1056 L 192 .296 L4170 114 .923
1,806 +968 «962 + G468 «78% 485 «351 +230 <423 «535 546
2.016 970 « 960 949 + 783 <4081 348 834 +4%3 «4%57 hb2
2.498 «Q70 . 3560 945 «TR1 <480 . 348 225 <371 + 374 366
2.999 «370 « 964 Q4B «781 +480 «348 « 225 « 309 +311 ° «302
31.499 <371 .96 « 348 783 479 o 34T 0225 . «238 « 260 258
4,007 972 « 961 « 948 «7A% «+ 79 <348 224 +122 .151 229
5. 005 .971 <963 . 947 «783 479 « 349 «233 122 +1286 .120
6.020 972 + 965 2948 «783 + 478 +153 «232 «122 «125 ,1113
7.007 972 « 964 « 947 + 784 NYal «35%3 232 L121 « 125 «113
f,002 «972 964 « 946 » 7R3 477 «3153 0232 «121 o126 113
10.03% +971 + 965 « 947 +TA3 W4TE «353 231 «121 +123 «112
10.939 972 « 355 . 947 <783 476 3154 «231 «121 +123 112
2hy/2) = 0.916
¢, deg
x/L
o 53
NPRO| 105 192 .26 .40 714 923 NPR
l1.80h 254 173 « RS .512 « 506 L¥) 1.806 448 + 782 «912
?7.014 P lh «30& + 439 «450 651 463 2,014 142 +TR2 +910
2,498 242 264 256 «371 369 « 166 2,498 143 + T80 <909
2.999 261 «2h4 747 297 +306 « 304 2.00G9 o141 «770 «910
3,499 2460 «?h2 747 187 253 761 3,499 140 +7B1 «910
4,007 «?3G «?6? «24h 186 171 212 4,007 o140 +«7R2 «910
5.00% «23R8 261 206 +1R6 «170 2146 5,008 «139 779 «909
he D20 237 W 260 246 .185 .120 0936 6.020 «140 . 779 . %10
T.007 «?37 « 260 256 «1A7 +120 086k 7.007 141 « 779 Q09
R,002 « 235 7509 265 +187 .119 096 a,002 +139 . 778 «908
10.03% «236 258 o245 176 110 .N9% 10.03% 139 «779 «908
10,936 « 235 «?257 . 265 + 184 110 096 10,939 .1309 +779 . Q08
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Table 10. Static Pressure Ratios for Maximum 35° A/B Configuration

(a) Orifices located on nozzle centerline and divergent flap

y/(wy/2) =0
x/L

NPR | _499 -385 -276 -.176 -.087 -.007 .104 191 .295 .49 .712  .921
1.810 Q40 L9655 . 947 Q44 +R78 . 132 +378 « 406 A4 h49 +4890 . 523
1.999% +950 365 942 21 R73 <316 «320 « 354 <375 «40% 437 2470
2.503 2] 945 « Q7 +Q413 874 «151 «?75 +300 + 295 265 248 «347
3.002 «949 Q4R « 946 Q43 « 874 148 277 «298 «293 2264 «237 282
3,501 048 «G4R « 4R 042 «RT4 145 «27H « 287 792 «265% «23% 2218
3.R06 «34R 048 + 9LA +941 +B74 +141 «27R «2R® «293 2685 «236 «216
31.996 s 949 Q4R 046 942 +R75 «143 J27R «2R2 + 291 264 a23% 214
5.002 Q4P « 048 « 045 . 940 «872 .152 276 277 . 290 « 264 «?232 «212
5.999 948 040 «G46 .941 +873 <144 o274 274 «2R9 7 b4 229 +209
T.004 . Q4P « Q49 « G4k 2961 +R73 134 276 «270 » ?RS « 263 227 « 206
7.79% 347 Q4R . 946 2340 872 147 « 275 « 272 « 286, 262 226 +205

x/L = 0,104 x/L = 0,191 x/L = 0,295
yl(w/2) yl(wi/2) y/wy/2)

NPR | 000 .262 .55 .803 000 .22 .55 .803 000 .262 .55 .803
1.810 +.17R « 180 « 374 «337 Y2 » 185 411 %31 Y4 +416 +398 «504
1.999 «120 319 379 2295 «354 « 346 «354 o810 «375 +368 «329 479
2,502 TPTE +?56 272 «350 «300 «?65 217 « 548 «?9% «?h? 241 863
3.002 P72 2251 225 v 362 . 298 262 «?17 1.3 «293 o261 241 462
3.501 278 «233 « 196 +4390 .?87 242 206 23 292 « 255 « 240 653
3. 804 278 «210 « 192 YT +2AR 2640 .205 567 «2913 256 261 053
3,996 el 221 « 1RY 67 +282 233 « 200 567 <291 254 240 <449
5,002 276 «?113 «17 + 491 277 227 «195 545 + 290 252 237 h45
5,999 274 2?03 « 1A% 499 274 274 194 Y «2B9 «?51 +235 LY ¥4
7.004 276 211 166 «+510 270 22?7 .191 541 « 285 247 «233 bl
7.79% «?75 212 + 165 +510 « 272 2?1 +190 .551 « 286 245 v 231 ohél

x/L = 0.469 x/L = 0.712 xfL=0.921
yiwy/2) y/(wy 12) yl(wy /2)

NPR | 000 .262 .525 .803 .000 .262 .525 .803 L000 .22 .55 .803
1.810 AHbQ «450 » 435 «+520 +4R9 +487 403 «537 521 522 »534 «551
1.999 403 .368 « 377 456 437 434 oGl %91 470 Jobf +480 %38
2,501 265 P00 « 326 <366 248 218 o 2hé 2?71 347 «357 +369 +358
3.002 264 240 327 +365 237 217 263 273 262 «19R «203 +196
3,501 265 «?3R v 341 +359 «?215 . 220 W26h 274 218 .191 2204 199
1. R06 265 «?39 . 362 «3A0 . 236 «219 o266 275 ,716 .191 +204 +200
1,996 s LY .48 .357 2234 221 266 1275 214 192 2205 .201
5.002 2264 » 235 352 «354 232 222 P65 276 212 «197 «205 «201
5,999 2 b4 «235 351 «352 229 .23 o 20A 277 . 209 192 «205 « 201
7.004 b3 +?233 « 355 2351 227 225 265 277 «2NA «192 « 205 «201
7.7895 267 232 « 355 <350 226 224 2265 £ 277 205 192 204 + 200
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Table 10. Concluded

(b) Orifices located on nozzle sidewall and convergent flap lip

2/{hy/2) = 0

NPR |_ 453  .352 -.255 -.077 .105  .192 .296  .470 714 923

1. R10 .90 20  RAY o477 «505 s hb} «13913 «51% 517 «563

1.9499 +93F «919 »RB& +458 . 487 o421 « 361 «345 527 LYY

2.503 940 .910 LY W630 456 « 381 +309 « 2RO «?56 «3462

3,002 920 +220 « BRS « 439 «455 + 3RO «30R «279 «?5h «?51

3,501 «930 ,920 «8R5 43R 454 «37R »305 o276 « 754 254

3,R08 940 + 371 . AAA 639 454 « 177 «306 W 27H «253 254

3,994 « 930 « 922 « 8RA 240 451 «377 +303 s 252 255

5,002 038 Q20 « BR4 P H62 «451 «375 « 301 273 «251 256

5.999 «9239 «922 +« RRH « 445 « 450 «174 «300 «?273 o249 256

7.006 .09 + 972 « ARS 449 450 + 374 300 273 245 «?%1

7.795 $ Q2P 922 + R84 2645 « 450 + 374 .2%9 272 P05 256

2/(hy 12) = 0.524
¢, deg
xfL

NPR [ 105  .192  .206 .470 .714  .923 NPR 0 25 53
1.R10 W4R7 W63 « 450 »531 « 515 544 1.R10 «192 7864 +B826
1.999 L6129 800 «4N5 +1R? «50% 473 1.999 + 316 «TR4 «B24
2503 .179 «3182 »3B0 «319 252 + 368 72.503 +151 «78A «B21
3,002 « 2RO +3R1 . 3RO «31R 257 «225 3.0n02 148 «7R6 «B23
1.501 «371 «IR7 « 3P0 . 315 «251 228 3.501 145 . 780 «821
3. R0A + A9 + 189 « 281 <3115 252 227 3.R06 «141 « 789 .822
3,994 LY +390 «3RN »313 «?251 « 229 3.996 «1413 « 790 +R2?2
5.00? 363 +391 « 279 +310 o249 2130 5.002 152 « 789 +B20
£,900 +1A1 .« 391 « 179 +309 249 2131 %$.999 144 .78° .821
7.00¢% 2164 +189 . 180 JI0R +24R 229 7.0064 134 T84 «821
7,795 1Kk 4 +» 3848 » 3RO .108 o267 » 229 7.79% 147 W 7RG «B821
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Table 11. Static Pressure Ratios for Maximum 17° A/B Configuration

(a) Orifices located on nozzle centerline and divergent flap

yiwy/2) =0
x/L

NP

R .409 -385 -276 -176 -.087 -.007 .104 .191 .295 .49 .72 .91
1.008 9461 Q3R « 919 910 «B6R » 3356 +&e04 « 409 vhlb 635 473 «510
2.00% 943 34D 940 922 867 + 337 « 136 ¢ 346 « 154 +3B3 4213 57
?.502 9463 +937 + 939 «921 1.1, + 270 278 «2Th «?79 +303 +295 324
3.000 W96l + 929 . 939 +320 + 868 270 2276 « 273 «275 «302 «294 2565
3.502 944 «340 » 239 Q21 «868 «271 274 o271 274 +301 «293 «269%

3.798 Q44 Q41 . 941 «320 1Y) 270 273 270 273 +301 «293 265
4,006 Q4 + 941 « 919 +921 +868 2271 « 271 769 273 «301 «293 « 2613
5,001 9461 » 941 . Q130 «920 PRt Y] + 266 + 269 267 272 «301 292 «263
5,998 Q42 G462 « Q40 921 « 869 + 265 269 267 272 «300 «290 263
7.002 el 2943 « 340 «921 «B870 266 268 226K 272 2300 «290 262
7.317 943 +943 o Gol «921 «870 2?57 «26R 267 272 «300 «290 o262

x/L = 0,104 x/L = 0,191 x/L = 0,295
y/(wy/2) y/(wy/2) y/(wy/2)

NPR | .000 .262 .55 .803 000 .22 .55 803 000 .22 .55 803
1.808 04 «15R « 290 562 «409 «370 . 381 .512 shlb «3192 471 +4B3
2. 00% «3136 «2R9 «?51 Y o346 « 290 3R 4 LY. «354 «321 468 436
2.502 W27R +718 W 215 «510 W 276 « 226 ab) +«4%9 279 252 451 N9
3,000 2Tk «219 217 520 273 226 436 459 275 P52 1449 +408
3,502 P74 218 . 217 520 271 « 227 842 459 274 251 448 +408
3,798 +273 « 217 217 «519 « 270 226 haS « 460 7?73 «?51 Jh4R 408
4,006 «?271 2217 «218 «520 «?69 «228 e34 1.1 «273 «252 TN +J40R
5.001 «260Q 217 «?1R 520 « 767 $227 438 + 459 272 «250 1Y) %08
5.998 269 « 215 «218 o521 267 227 439 459 272 « 250 YY) «4&07
T.002 +26F « 17 22?7 527 « 266 «229 627 460 277 250 YY) 407
7.317 41 213 .219 «521 267 2?27 Jo3R 459 0272 751 ha? Wo07

x/L = 0.469 x/L = 0,712 x/L = 0,921
ylwy 12) ylwy 12) yl(wy 2)
NPR 000 .262 525 803
000 .26 .55 803 000 .22 .55  .803 ; ) )

1.R08 B35 425 U] «GLSPR o713 476 L4605 +503 510 516 +53% 540
2. 005 «3R12 168 403 «38% +423 . 420 215 «3913 e57 b4 484 «498
7.502 +203 297 318 o344 + 295 «265 255 «?869 «324 « 2?95 « 354 «3%2
3,000 2302 «?93 « 335 » 142 « 294 267 7?54 269 265 «?4] « 224 211
3.50? «301 «297 3133 +341 «793 <267 254 « 269 + 265 240 $22% «21?
3,798 «301 206 « 331 «341 «293 « 267 +253 « 269 + 265 «240 225 212
4, 00A 00 «292 « 331 2381 « 291 266 « 253 « 269 263 «2139 225 «?11
5.001 «301 « 290 « 379 «340 «292 266 252 +?270 « 787 «23R 0225 211
5,008 » 300 . 289 « 328 +31319 +290 o265 « 251 « 270 «?63 « 238 .225 211
7.002 L300 206k v 328 «338 + 290 2265 « 249 268 + 262 «237 223 .209
7,317 100 +?RQ » 22R «338 «290 o265 240 +269 W 262 217 .221 «209
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Table 11.

Concluded

(b) Orifices located on nozzle sidewall and convergent flap lip

2(hy/2) =0
x/L
PR
NPR | _ 453 -352 -.255 -.077 .105 .192 .296 .410 .74  .923
1.R08 +920 .08 +R75 45?7 +52% 486 04?7 437 «501 540
2.005% +Q2F 12 «R77 YY) + 400 440 Jo18 + IHR 390 513
2.502? 928 .anq +A75 435 +479 o413 3172 «326 « 273 «340
3,000 Q27 013 87K «433 +479 W11 «371 v« 375 272 229
3,502 «Q70 914 +A7B 433 + 479 +411 +172 «327 «?71 227
3. 79R WQ7R +9113 +A78R 432 478 . 410 « 372 . 327 +27T1 2226
6, N0k Q78 <914 +87R 432 H4TR 410 «3171 326 271 ad.)
5,001 328 «914 +R7R «433 +AT8 +4N9 «371 328 269 226
5.9GR Q2R «91A +B78 437 677 +40R « 270 .327 ' 269 « 221
7,002 979 L9146 .879 445 477 <407 367 <325 271 226
7,317 .24 +01lhA «B79 448 476 + 407 P 1.Y.] w324 +271 227
2/(hy /2) = 0.524
, deg
x/L
NPR 0 2.5 53
Jdos 192,296 470 714 923 NPR .
1,808 +529 =11 o 465 hbt +498 « 54l 1.R08 +3106 764 .839
2 .005 4968 W47R 832 .370 « 168 511 ?2.005 .337 THh?2 <840
?.502 USh T « 400 » 339 « 264 +354 2.502 $ 270 «767 «B38
3,000 LR 849 a0l «338 1263 «225 3,000 «?70 164 861
2,502 o57 OS50 002 «139 263 o224 1,%02 271 W TE7 « 840
3,798 o577 «450 « 403 + 339 « 263 1224 3,798 « 270 «TH7T «B40
4,006 o587 669 JH02 «339 262 226 4,006 . 271 «Th8 861
5.001 =7 449 «0D3 + 340 262 227 5.001 266 « 768 + B840
f.Q99R W4EF + 669 cHah? +339 «261 «22? 5.998 «.265 « 769 +840
7.002 JLFQ 6609 403 +338 « 260 221 7.002 266 772 861
7.017 +458 LT <402 +118 . 261 274 T.317 267 177 + 841
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Table 12. Static Pressure Ratios for Maximum 0° A/B Configuration

(a) Orifices located on nozzle centerline and divergent flap

x/L

NPR | 400 -385 -.276 -.176 -.087 -.007 .104 .191 .295 .49 .72 .92l

1.809 .235 936 «329 .908 «B53 221 «238 + 289 337 « 306 1409 542
2.00n4 «934 - 921 « 930 910 «8%3 220 236 «280 « 337 «3h6 «303 <458
2.500 .31F .932 632 910 «851 217 226 287 «135 LT «300 272
3.00? 2235 .36 . 932 909 »853 «210 «21R «?B5 « 340 «363 2298 237
3.505 Q34 «336 « 932 900 +R52 202 «?12 + 285 V364 363 «297 «236
3.804 »936 «937 «932 909 253 .197 7?10 <784 345 363 «296 215
3,999 .92F « 037 «932 .900 2853 +195 «208% «287 . 347 <364 296 «235
5,004 935 936 « 932 #ONE «852 <179 208 « 290 « 349 LY «295 2323
6.005 «918 «Q3R «934 «910 «B8513 .139 .203 292 «350 L1 «294 230
6.99% » 917 .030 «934 .009 «853 173 «?04 «292 «351 364 294 230

x/L = 0,104 x/L =0.191 x/L = 0,295

yiwy 12) yiwy /2) yliwy /2)

NPR | 000 .262 .525 .83 | .000 .262 .55  .803|.000  .262 .55 803

1.R0Q 23R 227 401 <400 .289 <304 +391 «423 «337 « 396 +391 «392
2.N04 «?3A 227 « 399 «3986 +290 «309 +388 «%22 «337 +39% «391 +3R9
2.500 226 727 «166 + 194 +2R7 317 ¢3R5 018 + 335 <394 +3RQ «38%
3,002 218 «?30 « 397 +19% «285% «370 + 28B4 Jhl7 340 «31G4 «386 «182
3.505 212 « 230 « 390 +394 «28% <371 «382 LelA « 344 +394 «3813 «380
3,804 210 «?30 « 390 +396 286 «321 +3IRZ «415 « 365 .34Q7 .383 «379
3,999 20P «?31 « 3RG + 196 «2R7 «3172 «3R2 415 + 347 « 397 +382 +3179
5,004 204 2734 « 186 398 «290 +3%4 »181 sb14 369 +396 «382 «.378
6. 005 201 +237 . 386 J401 «292 <321 «IR2 413 + 350 .39% »382 377
6,99% J204 +238 « IR7 #5402 « 292 «325 «3R3 f%13 «351 300 «3R1 +377
x/L = 0.469 x/L = 0.712 x/L = 0,921
y/(wy/2) y/(wi/2) y/(wy/2)

NPR | .o00 .262 525 .s03|.000 .262 .525  .803|.000 .262  .525  .803

1.209 364 265 « 346 «36R 409 «4N9 LT 054 562 563 « 541 5313
2,004 64 <362 « 344 344 +3013 +290 «279 332 « 468 457 469 477
2500 364 «161 » 343 #3361 «300 +?91 277 271 272 $24) «298 <322
3.002 »361 362 2343 »339 +298 »?290 275 #2272 237 235 237 «23%
1.505 361 362 0343 <337 297 «289 « 274 272 234 234 236 »234
3.804 353 « 362 o343 »337 « 296 «?RQ 274 273 235 233 235 «2313
3.999 LI 2363 0343 <136 296 «?RQ 274 274 «?35 232 235 234
54006 364 362 0342 336 . 295 .298 272 P74 .2717 <231 233 «?32
6,005 23564 «3R2 2341 +338 «294 « 28R 272 275 2130 227 .230 +230
6,995 L « 3562 042 374 204 .288 «271 275 .230 .226 «»229 230
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(b) Orifices located on nozzle sidewall and convergent flap lip

Table 12. Concluded

2(hy/2) =0
x/L
NPR |\ 453 .3520 -.255 -.077 .105 .192 .29 470 .714  .923
1. 809 «024 . 907 «A75 501 .533 w461 «370 312 465 «520
2. 004 «024 «906 «R76 49R +531 « 460 «370 +311 347 k71
2.500 WQ2F « 305 + 874 » 495 +930 +458 « 368 «311 <259 278
3.002 «925 . 308 + 87K X135 «531 «458 167 «311 +256 267
31,505 +926 «3N9 « 877 «493 «531 +45R « 3656 +309 253 264
3,804 <925 «a10 «B76 k) «531 458 P 1-1.) . 3009 252 264
3,999 74 + 210 W R74 «493 »531 . 458 366 »308 252 264
5.004 «978 2909 «R76 492 +531 457 . 365 306 252 «?hé
6,005 926 «912 +A78 +401 «531 057 364 «303 + 252 b
&, Q05 «926 «911 + 878 «430 « 931 S 4 » 383 «307 +251 « 265
2/(hy /2) = 0.524
t o, deg
x/L
NPR ) NPR 0 25 45
05 192 .29 .40 714 923

1.809 URG 820 . 397 «329 <473 «521 1.R09 2?1 737 828
2.008% o A1 2021 + 1G4 3128 <128 474 ?2.004 220 «737 +B28
2. 500 4R 619 «306 326 «?68 268 2.500 217 735 827
3,002 WaH? 418 .39 «323 270 242 3,002 210 « 735 .828
3,505 +& 8P Ja1lR +394 «321 «?69 262 3,.%05% ,202 737 .B28
1. 804 WG4R2 217 « 395 «3121 «768 242 3,804 «197 «737 «B27
3,999 W4R3 +a1R « 395 «321 «?68 242 31,999 «195 « 737 .828
R, N04 L83 W17 . 394 <371 266 o242 5.004 179 « 736 +826
6.,N0% Ja Pl 418 +393 320 «?61 242 6,005 «120 <7315 «B27
6,095 «4RS 418 +« 393 £ 120 262 0243 6,995 129 « 736 «827

ORIGINAL PAGE 15

OF POOR GQuALITY

29



ole

"poj0U 9SLAISY)O SSI[UN SIYOUT UT WAL

"M31A 3PS Summoys y3aYg (&)

A AVa

suotsuswIp [y ‘Ire amssold-ysy 10} welsAs uosndoid sutdue-o[3uls pajenuils 10] aremplel 1 231

oSt
el agoid
asnssaid |ejo)
eqoid
ainssaid |Blo| s poddng
ajdnooousiay ).
/ Ajjeipea Bunixe
sejzzou peseds Ajenba g
uoljoas
LolBILBINISU} MO
ayeld syoud N, 2
uonoes dey 7 >
webieng AT wi = %
| — = X T Ollo¢ \‘
i \ ® @ - g
i =
I - BOUBIEQ mem e — £ — = _
| . " Aalf\ l\; - e )
/ FAUNANANANRARERANRRRS NS AW //4/
/ - AI)\
uoijoss dejj Juabieauod , L
Jeouayds i wnusyd sinsseid-mon
UOIOBS LORONPAI BBy I\ {smolieq |elaw)
_ s{eas il wnusid sanssesd-ybip
S9'ly elS DO'6E RIS
05'02 1S oeg

oo'ge &S

30



ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

86061

‘penunjuoy) ‘1 I3y

'qdeasojoyq (q)

"

31



‘pepnpuo)) 1 emSig

"WYSAS ISJSURI} MO JO TWOIISS SSOID OIFBWLYRS (0)

w3o.:mm

——
/ AMNH

sueTeg
\\\\ adueTed

=~
L Ll L L ”‘//

[/ ] k
l‘mlllllllllltllllll - llwuv

h\ VAR A ; z Y S AR 7 y4 77 y 4 V4 Z y S S 4

L L L A4
wnuaTd llk\\\ 597220U DTUOS
2anssaad-mon pafoyrainu g
/4/
(d1432wu0u) waIsds 11o0ddns uo pajunoy ///
NN

MmoT3

ainssaad-y3TH
4

NN

LS

e

(PTaj2w) SOUBTEQ UO PaJUNOK

32



Sta 39.00 Sta 41.65

5.064 3.820

/

TN

e— 1.60 —

Section A-A

- 2,65 —>

e A

Figure 2. Area reduction section. All dimensions are given in inches.
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Sta 41.65 Sta 43.74

Divergent flap hinge

P__

Side view  3.820 hy =1.310

~ 19° 17

2.150

Convergent flap
/ ip

Top view wy = 3.050

h{ =1.310
hy = 1.310
f -15°

/ .

-18° configuration

DAY A\ A

18° configuration 0° configuration

(a) Dry power.

Figure 3. Geometry of nozzle spherical convergent flap. All views are for planar cuts through the model
centerline. Dimensions are given in inches unless noted otherwise.
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Sta 41.65 Sta 43.56

Side view 3.820

|
1

Top view

Divergent flap
/ hinge
ﬂ_ QRS
hy = 2.468 hy = 2.374
. A -
N\ ¥ 18
| ————————

Convergent flap
/ lip
wp =3.050

35° configuration 17° configuration

(b) Maximum A/B power.
Figure 3. Concluded.

%

hy = 2.290

0° configuration
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= L
Top view
Dry power Ay in2
5.064 + 18° 3.991
0° 4.013
-18° 4.057
L_J
je——L =2.87—]
o
— 12.86° /
— 4_580
Side view

"~ Subsonic cruise

divergent flap setting / \

Supersonic cruise

divergent flap setting

1.80—> .
Rear view

Sta 41.84 Sta 43.74 Sta 46.61

(a) Dry power.

Figure 4. Schematic of nozzle geometry. All dimensions are given in inches unless otherwise noted.
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— L
Top view
Maximum A/B A‘, in2
5.064 + 35° 6.940
17° 6.990
0° 6.983
X
o
4.58°
T
Side view

o]
F 60 Rear view

Sta 41.84 Sta 43.56 Sta 46.43

(b) Maximum A/B power.
Figure 4. Concluded.
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/L

Side view

_—

Spherical convergent
flap lip

—T

Bottom view /

‘ Divergent flap hinge

S

4o o o 0 0 0ild ¢ 0 o . . 0.40
LI I . . . —_
0.40
o0 0 . . [ _—
0.425
s 0 . . .

y A t
/

R

(a) Nozzle centerline, divergent flap, and sidewall orifices.

Figure 5. Locations of nozzle internal static pressure orifices. Dimensions are given in inches unless noted
otherwise.
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~_

/ "\

Dry power configurations

Configuration | ¢,deg | x/L yi(wy/2) | z/(hy/2)
18° o |-0.007 | 0.000 | o0.891

33 -.070 313 1.121

66 -.221 .875 .889

0° 0 -0.007 0.000 1.000

33 -.074 .320 1.148

60 -.252 .854 1.148

-18° 0 -0.007 0.000 1.000

33 -.082 .334 1.195

53 -.282 .821 1.440

A/B power configurations

Configuration | ¢, deg x/L yi(wy/2) | z/{h{/2)

35° 0 -0.007 0.000 0.990
26.5 -.071 379 1.021

53 -.191 .835 .838

17° 0 -0.007 0.000 0.995
26.5 -.078 .388 1.037

53 -.259 .894 .897

0° 0 -0.007 0.000 1.000

26.5 -.090 .397 1.061

45 -.267 797 1.061

(b) Convergent flap lip orifices.

Figure 5. Concluded.
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(b) Discharge coefficient curves.

Figure 6. Nozzle internal performance for dry power subsonic cruise configurations.
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Subsonic cruise
(o] 18°

Oo

-18°
ylwy/2) =0

y/(wy/2) = 0.525

x/L

NPR
8

7

y/(wy/2) = 0.262

y/(wy/2) = 0.803

xfL

(b) Divergent flap distributions at different spanwise locations.

Figure 7. Continued.



Subsonic cruise NPR

O 18° 8
0 0° 7
-18° 6

x/L = 0.104 /L = 0.101 x/L = 0.295

T

X

x/L = 0.712

yl(wy/2)

(c) Divergent flap lateral distributions.

Figure 7. Continued.
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Figure 7. Concluded.
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(b) Discharge coefficient curves.

Figure 8. Nozzle internal performance for dry power supersonic cruise configurations.
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(a) Convergent and divergent flap centerline distributions.

Figure 9. Static pressure distributions for dry power supersonic cruise configurations at a NPR near peak
performance.
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(b) Divergent flap distributions at different spanwise locations.

Figure 9. Continued.
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Figure 9. Continued.
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(b) Discharge coefficient curves.

Figure 10. Nozzle internal performance for maximum A/B power configurations.
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(b) Divergent flap distributions at different spanwise locations.

Figure 11. Continued.
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(c) Divergent flap lateral distributions.

Figure 11. Continued.
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