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PREFACE

The investigation rteported heretn was conducted by the Amold Enginecring
Development Center (AEDC), Air Force Systems Command (AFSC), Arnold Air Force
Station, Tennessee. by ARO, In¢., AEDC Division (a Sverdrup Corporation Company),
operating contractor for the AEDC. The work was accomplished under sponsorship of the
Air Force Aero-Propulsion Laboratory (AFAPL/TBA), Wright-Patterson Air Force Base,
Qhio, and AEDC/DOT. The test pregrams were conducted in the Propulsion Wind Tunnel
Facility (PWT). Propulsion Wind Tunncl (16T). under ARO Projects Nos, P41T-L8 and
P41T-09. The supporting analysis was accomplished under ARO Project No. P43T-71.
The Air Force project manager was Mr. R. B. Sorrells, 1. AEDC/DOTA, and the
manuscript was subnutted for publication on January 2, 1979.
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1.0 INTRODUCTION

In general, the acrodynamic loads obtained with wind tunnel force models have to
be cxtrapolated to predict the performance of the full-scale flight vehicle. The current
test technique used i prototype aircraft development or configuration optimization
studies obtamns arframe data on a sting-supported modcl with jet effects simulated by, at
best. a flow-through, altered aft end. Throttle-dependent effects are then either estimated
or obtained on a support system that would allow proper aft end geometry and jet flow
simuwlation. Thus, data {afterbody shell balance loads or integrated surface pressure loads)
can be obtained to provide the change n vehicle loading produced by afterbody
configuration and jet exhaust plume interaction with the local flow field.

The investigauon of the 0.2-scale YF-17 airceraft model reported herein  was
conducted in three phases as part of an effort to venfy the current wind tunnel test
techniques.  The model  was  wingtipsupported in Phase 1 to determine the
throttle-dependent (jet exhaust) effects on the model afterbody and nozzic pressure
distributions, supported by u large twin-sting system in Phase II to definc the wingtip
support interference. and supported by a small twin-sting system in Phase IH to
determine the validity of the sting-supported annular§et plume simulation technique. This
report contains the results from the support system interference and annular-jet
simulation studies with the twin-engine model. The c¢ffects of model configuration
variables are presented in Volume 1l for conditions other than those presented in the
support system and simulation analysis. The pressure data obtained during the
investigations will be used. along with previously acquired wind tunncl data from a
0.1-scale model investigation (Ref. 1) and data from a flight test program with the YF-17
prototype aircraft, 1n a wind tunnel-to-flight correlation study. The study is being
conducted to validate or indicate regions requiring improvement in the current subscale
model testing technigues.

2.0 APPARATUS

2.1 TEST FACILITY

The AEDC Propulsion Wind Tunnel (16T) is a variable density, continuous flow
tunnel that can be operated at Mach numbers from .2 to 1.6 and stagnation pressures
from 120 to 4.000 psfa. The maximum attainable Mach number may be limited slightly
depending on the tunnel préssure ratio requirements for the particular test installation.
Maximum stagnation pressure is a function of Mach number and available electrical
power. Tunnel stagnation tempcrature is controlled over the range from 80 to 160°F,
The test section is 16 ft square by 40 ft long and 15 enclosed by 60-deg nclined-hole



AEDQC-TR-79-1C

perforated walls of six-percent porosity. A more complete description of the tunnel and
its operational characteristics is contained in Ref, 2

2.2 Test Article
2.2.1 Wingtip Support Model {Phase 1)

The initial wind tunnel test of the 0.2-scale YF-17 model was conducted with the
wingtip support system shown i Fig. 1. The model basic dimensions and 1ts axial
location in the test section are illustrated in Fig. 2. This installation previded an
unobstructed et exhaust region (see Fiz 3) which allowed definition of
throttle-dependent  effects. Effects of nozzle closure, associated with the throttle
movement, were investigated by use of the four terchangeable nozzles shown in Fig. 4.
The nozzle cxternal contours simulated closures from dry power through partial
afterburning. Internally. the nozzle exit-to-throat arca was simulated although the total
flow duct was not simulated.

Simulated jet flow for the nozzle closures was provided by hugh-pressure air heated
to 560°R to prevent icing on the flow mixing screens and was supplied through the
wingtip suppert booms to an internal model plenum. The high-pressure air was ducted
through right- and left-aide diffusers Choke plates and screens were used to ensure a
uniform subsome flow upstream of each nozzle throat. Instrumentation was provided in
each duct to determine the total-pressure profiles.

Wing modification for structural support and high-pressure air passages altered the
main wing planform-outboard of the 55-percent semispan station (see Fig. 2). Because of
the change mcorporated in the planform. no attempt was made to simulate the wing
leadingedge or trailing-edge flaps. Twin vertical tails with the rudder fixed at zero
degrees and horizontal tails were located as shown in'Fig. 2. The harizontal tail root
chord extends from fuselage station 1224 (X/L = 0.86) to 137.8 (X/L = 0.97).
Horizontal tail deflection angles from 0.5 to -4.0 deg could be set manually by rotating
the tails zbout fuselage station 129.6 (X/L = 0.92). Positive horizental tail angles are
defined as leading edge up.

The influence of the aircraft on the static pressure reading from the pitor boom was
determined with a scaled version of the pitot probe and support boom. However, the
probe static onfices were mcorrectly located (compared to the flight probe) on the
contractor-supplied probe during Phases 1 and 1. A scaled version of the flight test probe,
as shown in Fig. 5, was built and used during Phase 1I1.
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The engine bay purge flow system was simulated by using an inlet in the main
engine inlet fairing {(see Fig. 1) and scaled top and bottom exists cn each engine
compartment as jllustrated in Fig. 6. The flow system was isoclated side to side in the
medel, but both the top and bottom exhaust exists on each side were open to 2 common
bay area. The exhaust flow distribution was thus dependent on the local surface pressure
at the exhaust exists. When the bay purge effect was not being investigated cover plates
were provided to seal the inlet and exhaust ports.

Model surface pressures were ohtained from 239 surface pressure orifices located on
the forebody (48). afterbody (130}, and nozzle (61). Pressure orifice locations are
indicated in Figs. 7a. b, and ¢ for the forcbody. afterbody, and nozzle, respectively. The
locations are defined in Table 4.

A simulated sting support system shown in Fig. 8 was used to provide data for the
support system interference study. The simulated sting diameter and taper location X
could be varied. The configurations tested are defined in Table 1.

2.2.2 Large-Sting Support System {Phase Il)

Phase II of the 0.2-scale test program was conducted on the sting support system
shown in Fig. 9. The stings were designed to support the model at high aerodynamic
loading resuting from the simulation of flight Reynolds numbers. The required sting
diameters filled the exit of the cruise nozzle (see Fig. 9¢) which precluded jet exhaust
simulation.

To determine the interference effects of the supports on data obtained during Phase
[ (wingtip support), the wingtip support mechanism was simulated as shown in Fig. 10.
The simulated boom supports were removed from the wing glove (Fig. 10b) so that the
effects of the wing meodification and adaptor could be assessed. Model variables and
pressure orifice locations were the same as on the wingtip-supported model.

2.2.3 Small-Sting Support System (Phase 111}

The annularjet model, shown in Fig. 11, was tested to determine if a properly
simulated jet plume would mask the sting support system interference effects. This
sting-supported model utilized high-pressure air supplied through the stings which
exhausted through the annulus between the sting and the internal flow duct as shown in
Fig. 11b. The jet exhaust region for the largest nozzle opening tested (A8 = 360-in.2 full
scalc) is shown in Fig. 1lc. Choke plates and flow straightener screens were used with
this system. Model nozzle changes werce accelerated by using split nozzles (Fig. 11d}. This
arrangement allowed configuration changes to be made while the main model-sting
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support remained intact. The seal along the nozzle split was maintained by using machine
surfaces coated with RTV® sealant and sufficient screws to allow a total pressure of 135
psia in the nozzles. The annular-jet nozzle contours are defined in Fig. 12.

Wingtip support simulators. previously used during the Phase Ii entry, were also
utilized during this phase with a horizontal blade simulator (see Fig. 13) to define the
total wingtip support interference. The horizontal blade simulator was positioned axially
at the Phase I location of 94.9 in. aft of the model nozzle reference station (FS 137.8)
and at one location 19 in. closer to the model. However, location of the blade relative to
the nozzle exit varies depending on the nozzle configuration being investigated since the
nozzle length decreases as the nozzle exit area increases (see Fig. 12).

Simulated wingtip missiles and underwing flap actuator fairings, shown in Fig. 11,
were used on the sting-supported models to closely simulate the actual flight vehicle. The
configurations tested with this simulation are defined in Tables 2 and 3.

2.3 INSTRUMENTATION

Model surface pressures were measured using six multiport scanning valves with
15-psid transducers. The forty-eight port valves were controlled by a facility computer in
a step pause mode which monitored each pressure to ensure stabilization before
advancing to the next port.

Jet exhaust simulation flow was monitored by internal duct pressure and
temperature rakes. Standard facility pressure transducers of the appropriate range were
used to measure the pressure at known flow duct areas. Temperatures were measured at
the same locations with copper-constantan thermocouples.

Model attitude was obtained with a model-mounted angular position indicator.
3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES

Test data were acquired on the 0.2-scale YF-17 model within the Mach number
range of 0.6 to 1.5 at Reynolds numbers from 1.4 x 106/ft to 5.6 x 105 /ft. Model
swiface pressure data were obtained for the various configurations during the three-phase
program at test conditions defined in the test summaries presented in Tables 1, 2, and 3.

Each model configuration was assembled and the surface pressures leak checked
immediately before testing to identify valid instrumentation. After tunnel conditions were
established, data were obtained by varying the model angle of attack at a pre-established
nozzle pressure ratio (NPR) or by varying the NPR at a constant angle of attack.
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The annularjet concept refined by Price (Ref.5) was investigated with the small-sting
support system. This technique allows for the simulation of a conventional jet by using
an annular jet around a solid core (sting support). The equivalent nozzle pressurc ratio
{NPRE), which generally differs from the actual NPR, used with the annular jet produces
a plume that matches the iscntropic expansion maximum plume diameter of the
conventional jet. The actual plume shape and the axial location of the maximum
diameter, however, are not exactly simulated.

3.2 DATA REDUCTION TECHNIQUE

Model surtuce pressures were used to caleulate the pressure coefficients referenced to
free-stream static pressurc (P). caleulated from the free-streamy Mach number and total
pressure measured in the stilling chamber. and the frec-stream dynamic pressure ().
Nozzle und afterbody integrated pressure loads were calculated by using the axial and
normal projected arcas {Ai} in an area times pressure summation. Each pressurc was
assumed to act over areas assigned by the engine manufacturer. The calculated axial and
normal force loads were converted to coefficients based on the wing-fusclage planform
area (S = 2,020 m.?) and the free-strcam static and dynamic pressures. The normal and
axial pressure loads were resolved into the wind axis to define the nozzle plus afterbody
lift and drag. Empennage loads were not included in the calculated loads since pressure
instrumentation was not included on the tails. The tails, however, were on the model
throughout these investigations thus influencing the calculated integrated pressure loads.

Tet exhaust simulation mass [low was measured for the wingtip supporf and annular-
jet test (Phases I and II1} with the facility venturi system. Flow rates were calculated
using a turbulent flow discharge coefficient based on the venturi throat Revnolds
number. Additional corrections were applied for compressibility and real gas effects.

3.3 UNCERTAINTY OF MEASUREMENTS

Unecertainties (combinations of systematic and random errors) of the basic tunnel
parameters, shown in Fig. 14, were estimated from repeat calibration of the
instrumentation and from the repcatability and uniformity of the test section flow during
tunnel calibration. Uncertainties in the instrumentation systems were estimated from
repeat calibration of the systems against secondary standards whose uncertainties are
traceakle to the National Bureau of Standards calibration equipment. The instrument
uncertainties are combined using the Taylor series method of error propagation described
in Ref. 3 to determine the pressure coefficient uncertainties at the typical test condinions
shown below,

11
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M Re x 10 °/ft P, psfa (Pi)avg, psfa sfa UCP{
0.6 2.8 1,440 1,403 362 0.0157
0.9 2.8 868 831 490 0.0098
1.2 2.8 566 372 572 0.0096

Typical observable trends and repeatability of the online data (Fig. 15) indicate that
a ACP ~ *0.005 is, in general, representative of the repeatability of the pressure
coefficients from this investigation. If this difference in pressure coefficient is considered
to be a bias and is present over the instrumented projected arcz of the nozzle and
afterbody (ZAi/S = 0.060 to 0.049) the resultant axial force coefficient [(*ACP) x
(ZAi/S)]would be approximately +0.0003. Data are shown in Fig. 16 for the cruise
nozzle configuration to illustrate the repeatability of integrated pressure data at the three
primary test Mach numbers.

4.0 RESULTS AND DISCUSSION

Data presented herein definc the effect of support system interference and annular-
jet simulation on the surface pressure distribution and pressure-integrated axial force
coefficients for the nozzle and afterbody of the 0.2-scale YF-17 model. All results
discussed and data presented were obtained at a nominal characteristic Reynolds number
of ~ 30 x 10%. based on model length, and horizontal tail deflection angle of 0 (8 = 0)
unless otherwise indicated.

4.1 SUPPORT SYSTEM SIMULATION VALIDITY

A companson of the axial force coefficient (CA) data obtained with the two
mutually simulated support systems for the 200- and 300-in.2 nozzle configurations at jet
off and design nczzle pressure ratio and typical Mach numbers is presented in Fig, 17.
The data indicate that at subsonic speeds there is no significant difference between the
two support systems with either nozzle configuration tested (Figs. 17a through d and g
through j). There are, however, significant differences in the results from the two support
system simulations at Mach number 1.2 as saen in Figs, 17e, f, k, and 1. The lower axial
forces obtained with the sting-mounted model could be caused by differences in the sting
attachment simulation which can be seen by comparing installation photographs of the
two systems (Figs. 8 and 13). The sting-supported model has morc blockage in the region
of the support and would alter the shock locations downsiream of the model and thus
could feed a disturbance through the wake which could affect the annularjet plume
shape. This supposition is somewhat verified by the pressure coefficient data presented in

12
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Figs. 18 and 19. The pressurc coefficients on the nozzle surface are morc positive
{particularly in the jet interaction region. ¢ = 45 and 135) with the sting-support
configuration than the wingtip-mounted model indicating more compression on the aft
portion of the nozzle.

Except for isolated locations. the agreement of surface pressure coeffivient data
obtained with the two support systems is good at Mach number 0.6 (Fig. 20). However,
the differences in the pressure data increuse as Mach number inereases. The differences
arc shown more clearly in the differential pressure coefficient data presented in Fig. 21.
The pressure coefficient data obtained with the sting support system are subtracted from
the pressure data obtained with the wingtip suppoert system to determine the pressure
cocfficient difference. The pressure dificrences are relatively insensitive to both model
artitude and jet sumulation at Mach numbers less than 0.9.

Thus, within the subsonic flow regime the data obtained with the two support
systems are in good agreement indicating that corrective increments could he obtained on
one system and applied to data from the other support system. The data at Mach number
1.2, however, indicate differences in the data which are attributed to incomplete support
system simulation. Thus, support system interference corrective increments for M = 1.2
shiould be applied with caution. '

4.2 SUPPORT SYSTEM INTERFERENCE
4.2.1 Sting Taper Location

The wingtipsupported model with simulated 3.0-in.-diam stings was used to
investigate the cffect of sting taper location at two axial positions aft of the nozzle exits
at conditions defined 1in Table 1. >

The axial force coefficient and surfave pressure data are presented n Figs. 22 and
23 through 25, respectively. Taper location does not influence the data at subsonic
speeds except for the apparent change in afterbody (0.8 < X/L < 0.97) axial force
coeffictent at Mach number 0.6 without jet simulation (Fig. 22a). These data are
nconsistent with the other three conditions shown and opposite in trend from the
influence one would expect (i.e., moving the support blockage away from the model
should reduce the surface pressures on the aft end thus increasing the axial loading). The
pressure data (Fig. 23} indicate a umiform shift in the two jet-off data sets which infers a
bias error is present in the jet-off data obtained at X, /DS = 13.8. There is also a smaller,
but still apparent. bias error in the jet-on data at Mach numbers 0.6 and 1.2, Figs. 24 and
25.
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At supersonic speeds, changes in the afterbody and nozzle axial loads (Fig. 22b) are
within the data repeatability of 0.0003. The total aft end axial load (afterbody plus
nozzle), however, indicates a decrease as the taper is moved further aft of the nozzle exit.
This result is contrary to those of Ref. 4 which implied that, for a single-sting
configuration, locating the taper at X /DS ratios greater than six from the model base
would not mfluence the test article surface pressures. Thus, the data obtained on the
current system should have been insensitive to taper location within the test range.

4.2.2 Sting Diameter

Simulated stings were used with the wingtip-supported model to determine the
effect of the sting support system presence on the nozzle and afterbody of the 0.2-scale
model. The axizl force coefficient and surface pressure coefficient data are presented as a
function of simulated sting-to-nozzle exit diameter ratio in Figs. 26 and 27 through 29,
respectively. As expected, the jet-off nozzle axial force coefficient decreased with
increasing sting diameter. However, at Mach numbers 0.6 and 0.9 the sting effect was not
limited to the nozzle area but was also evident on the afterbody (Figs. 26a and b). As
the sting diameter increases, it has an effect similar to that of a jet plume formed by
increasing nozzle pressure ratios below design. The larger sting alters the aft end flow
causing an increase in the model nozzle surface pressure coefficients as shown in Figs.
27 and 28.

The effects of sting diameter are lessened when the jet plume is simulated with an
annular jet around the stings as secn in the axial force data presented in Fig. 26 and the
pressure data in Fig. 29. This suggests that the annularjet plume masks the sting
interference effects at Mach numbers 0.6, 0.9, and 1.2

4.2.3 Wingtip Sup%)ort Simulation (LS)

Interference effects from the wingtip support simulators were determined during a
portion of the large-sting support test (Phase II}. The data obtained, shown in Fig. 30,
indicate that there is no significant effect of the wingtip support simulators on the axial
force data at subsonic Mach numbers (ACA < 0.0003). The simulation of the wingtip
supports, however, does not represent the total support system (i.e.. horizontal blade
support was not included). The data at Mach number 1.2 show a significant increase in
afterbody axial force coefficient when the wingtip support simulators are installed, and a
small decrease in the nozzle loading. The cause of the increased loading on the afterbody
may be from a blockage or "end effect' of the wingtip supports, which accelerates the
flow over the afterbody. Effects defined in this section were for the wingtip support
simulation only since the horizontal blade simulation was not available.
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Surface pressure coefficients presented in Figs. 31 and 32 illustrate the local clfects
of the wingtip support simulation. It is obvious that there is almost no effect of the
wingtip support simulation on the surface pressure at subsonic speeds but a significant
effect is cvident at the supersonic Mach numbers. At Mach number 1.2, the wingtip
suppert simulation produced a significant decrease in the surface pressure data over the
afterbody portion of the model. The lower pressure on the afterbody produces a steeper
compression on the nozzle as the locul flow adjusts to the base wake.

4.2.4 Wingtip and Horizontal Blade Support Simulation (SS)

The data obtained on these test programs will be eventually compared to the flight
data for test technigue cvaluation. Thus, the support system corrections to be applied to
the wingtip-supported data should be based on a configuration as close to the actual
flight vehicle as possible. Simulated wingtip missiles and underwing flap actuator fairings
were thercfore added to the clean-wing model for the 0.2-scale reference configuration.
The effects of adding these simulations were obtained so the 0.2-scale model support
interference could be compared later to the 0.1scale data (Ref. 1) which used the
clean-wing model as the reference configuration. Adding the missile and fairing
simulations did not significantly affect the axial force data (Fig. 33) although some local
pressure disturbances (Figs. 34 and 35) were produced on the outboard portion of the
model. The interference effects presented herein were determined using the missile and
fairing simulation as the reference configuration.

The effects of adding the wingtip and horizontal blade support simulator (see Fig.
13a) to the 0.2-scale sting-supported model are shown m Figs. 36 through 41. The axial
force coefficient data for the support system simulation are presented in Fig. 36 for the
200- and 300-in.2 nozzle configurations operating at the equivalent desigh nozzle pressure
ratio. The data indicate only a small (ACA < 0.0003) sensitivity of the axial force to
model attitude within the test range of 0 to 4 deg. In general, the influence of the
simulated wingtip support system is within the quoted uncertainty (ACA < 0.0003) at
Mach number 0.6 but increases in magnitude with increasing Mach number. The
dependence on Mach number is illustrated by the differential axial force coefficient data
shown in Fig. 37 for 0- and 4-deg angle of attack. Comparisons between the data from
the wingtip support simulation and the data from the baseline configurations with the
200-in.2 nozzle indicate only small changes in the axial force at subsonic specds. The
addition of the horizontal blade in the normal (aft) position increases the interference.
The interference is further incrcased when the horizontal blade simulator is positioned 19
in. closer to the model. In cssentially all subsonic cases the interference is manifested as a
_pressurization of the afterbody and nozzle as shown in the pressure coefficient data
presented in Figs. 38 and 39.
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The wingtip support system simulation has the opposite effect at supersonic speeds
(Figs. 36d and h). The addition of the wingtip support simulators increases the axial
loads while addition of the horizontal blade does not significantly change the data. It is
also of interest to note that most of the support system influence occurs on the
afterbody at supersonic speeds, Fig. 40, with any support interference on the nozzle
indicating the same trends observed at the subsonic conditions. The effects on the
afterbody at supersonic speeds seem to indicate the interference is
wingtip-support-simulator-induced and is probably caused by the simulators producing local
accelerations of the flow over the afterbody. The decrease in nozzle axial force would
result in a pressurization of the nozzle as the local flow adjusts (recovers) to the base or
plume conditions.

The differential pressure coefficient data (Fig 41), obtained by using the model
with winglip missile and underwing fairing simulators as z reference configuration, again
indicate the inscnsitivity of the model surface pressure to the support system simulation
at Mach number 0.6. However, the data at Mach numbers 0.9 and 1.2 show signtficant
local effects of the wingtip support simulation. The placement of the horizontal blade
support dominates the interference at Mach number 0.9 but dpes not change the
interference at Mach number 1.2 within the current test envelope. The results show that
the support system should be completely simulated to document the total support
interference effects for data corrections.

4.3 ANNULAR-JET SIMULATION WITH THE WINGTIP SUPPORT SYSTEM

An mmportant portion of the support interference investigation was to assess the
applicability of the annular-jet testing technique to a twin-jet configuration, The
annular-jet technique reported in this scction simulates a conventional jet exhaust plume
by producing an annular-jet plume around simulated sting supports.

Data were obtzined with the wingtip-supported model utilizing both conventional
jets and annular jets around simulated support stings (sece Fig 8). The annularjet
equivalent nozzle pressure ratio (NPRE) which characterizes the maximum plume
diameter of a conventional jet was determined by criteria set forth in Ref. §. However,
the axial location of the maximum plume diameter, which is not necessarily correctly
simulated, could be a factor which influences the results obtained from the annular-jet
simulation techmique. The higher annular-jet nozzle pressure ratio, which is generally
required to match the conventional plume diameter, causes the location of the maximum
plume diameter to move upstream. This could produce increased madel surface pressures
since the local flow would be more compressed as it adjusts to the simulated plume. The
higher model surface pressures would consequently decrease the axial force coefficients
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on the nozzle and afterbody which could be one cause of the lower annular-jet axial
loads shown in Figs. 42a through ¢ for the 200-in.2 nozzle. The reduced axial loads with
the annular jet, though small (3 or 4 counts), are evident at all Mach numbers and most
noticeable on the nozzle at Mach number 1.2, The 300-in.? nozzle configuration with a
flatter model-nozzle surface” contour is less sensitive to the jet exhaust plume simulation
(sec Figs. 42d through f),

Surface pressurc coefficient data for the 200-in.? and 300-in.2 nozzle configurations
are presented in Figs. 43 and 44. The small increase in surface pressure coefficient with
the annularjet simulation is apparent. The incremental changes in the surface pressure
coeflivients between the vonventional and annular-jet configurations are presented in Fig.
45. The annular-jet simulation at Mach number 1.2 is shown to affect primarily the
nozzle region of the model (Fig. 45¢) and be somewhat configuration
dependent. At subsomic speeds, however, the annular-jet test technique provides a method
of obtaining throttle-dependent effects while masking or at least diminishing the support
system interfercnce cfiects (see Figs. 45a and b). Although the agreement between the
conventional and annularjet inftegrated pressure data is not exact., the annular-jet
simulation differences are small (3 or 4 counts on the larger nozzle) compared to the
support system interference (8 to 10 counts. discussed in Section 4.2.4) that would have
to be applied to correct the data.

5.0 CONCLUDING REMARKS

The investigation reported hercin is part of a broader study to define the adequacy
of the currently accepted test techniques used to determine throttle-dependent effects on
nozzle/afterbody pressure forces with subscale models. This report documents the results
of the investigation on the 0.2-scale YF-17 pressure model conducted with wingtip, large
twin-sting, and small twin-sting (annular jet) support systems. The data were obtained at
Mach numbers from 0.6 to 1.5 at characteristic Reynolds numbers, based on model
length, from 15 x 10° to ~ 60 x 106, Results from the support system interference and
annular-jet simulation analysis are summarized below.

1. Support system interference was defined for the wingtip support system
using the stingsupported model with an annular jet and simulated wingtip
and horizonial blade supports. At subsonic speeds the influence of the
blade position was the major contributor to support interference, whereas
the presence of the wingtip supports caused the interference at supersonic
speeds. The influence of the wingtip support svstem on the axial force
coefficient was minimal (ACA < 0.0004) at Mach number 0.6 but
increased with Mach number to ACA = -0,0010 at Mach number 0.9 and
ACA = 0.0010 at Mach number 1.2,
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2. Simulation of sting supports, while using the wingtip support system,
indicated a sensitivity of the aft cond surface pressures to the sting system
for jet-off conditions. The effects become more significant at the higher
Mach numbers but were decreased when the jet was simulated with
high-pressure air indicating a masking of the support interference of the
stings with a properly simulated annular jet.

3. Simulation of the conventional jet exhaust plume with an annular jetis a
valid technique for obtaining design nozzle pressure ratio performance data
with minimum interference from the stings. Additional definition of the
off-design simulation and configuration dependency is needed to refine the
technique.
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Figure 7. Continued.
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a. Model installation
Figure 11. Small-sting-supported model.
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Figure 12. Annular-jet nozzle internal coordinates,
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Figure 17. Effect of support system simulation on axial force coefficients.
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Figure 32. Wingtip support simulation effects on surface pressure coefficients,
A8 =200 in.2, M = 1.2 (LS), NPR = 1.0,
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Figure 45. Comparison of annular-jet and conventional jet incremental effects
on surface pressure coefficients {(WT).
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Table 1. Test Matrix Summary, Wingtip Support Phase

-‘ _Stimulatéd Stinge Kotes e M l 0,8 0.8 l 0.9 1.2
Nozzle | °w ¥s, Mam, B::-;e) R, x 1o b2t 1alzal2s| 4256 [1a]zm|d2]14 I2.8 | s.20 5.3 5.6y 1.4 8.1 2.8 4.2
deg -— Variablc — .
200 Q Closcd NFR n X x x x 3 x x x x x x
l L3 x X x x x x X X x x
-2,0 RPR 4 X x x x x % X
= x x x 3 x x
-1.25 = x x x
-1,75 - @ x = x I o J
-1.5 Scraens = x 4 x x x A x| |
0,44~3n,—dian = x 4 x x i
l Inlat a x % x !
-1.0- Closed NPE L1 x x
‘ o 3 x K
230 =2.0 NFR X x E
l = x ¥ = x ] x
o NPR = x x
l’ = X x x
300 1} NPR x x X X x x x 4 x
I = X x X x X K X
=-2.0 NFR X = x x
l = x x x
360 a NFR 3 x x x
l - x x L] x x
-2,0 NPR x x x
s = X x x
x - {me or More Dats PArT Numbers 4 = Single Data Point
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Table 1. Concluded.

0l-64-HL-0day

| A

Simulated Htings ] .4
L X Dian -5
Hi '
Nozzla deg 1‘;‘. in.l Notes Rg x 10 JIt 1.4] 2.1 |Z2.4 j4.2 |5.6|]1.4
Variable
200 ] 24 2.5 NPR x
- X
2B 3.0 NPR x
= X
47 4.0 NPR N
a J
28 3.43+ = X x
-2.0 28 3.0 HFR x
« J
28 3.43~ o« x x
Joe 0 2B 3.0 HPR x
hY a x
28 3.43 x < x
-2.0 28 3.43 = X x
x = One or Wore Dats Fart Numbers ¥ = Singla Data Poimi

* — 3.42-4in.-diam Sting Fille the 200 Nozzle Exlt (No Jel Pluma Flow)

LM X oo
o, W M e M
ok o=

® & m o
Mo o= o

Lo oR
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Table 2. Test Matrix Summary, Large-Sting Support Phase

Y

6H' ] 9.6 0.7 0.8 0,9 g.95|1 01,1
Nozzle dog Notes - T -

RE x 10 %ere |25 (1.4 2.t |28 e 2|56 48|14 2.8 4.2]0.4]| 28 (3,5 4.2]12,8 2.8|2.4|1.2> |1 4 2.4

200 [H] Clean ¥Wing X s X x X L] x x S X x x X a x x x x x a
-1 o X a

-1.25 = x x

=1.,5 x a E

-1.6- x x I

—L.t x £ x X = x x

=20 x a x x = x X

=36 £ ] x x
R | - . .

a S8T0 Boon 1 ocation X x E x x i x

=2.4 x x A

-3.5 x X x

[ Fwd loow Lecation x ,y 5 x X

«2.0 l x x X X

a Hid Boom Locdtian X x E
30 0 Clean ¥iog x ! x x
-z.0' | x ! x

* Bpy Fulge luvenligution (Inlet = O.dd-in. Diam)
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Table 2. Concluded.

8 »
mozzle d‘:g Noles L] 0.% 0.7 0.8 G.8 0.881,0]1.1 1.3 1.3)1.4 1.5
H.n x 10'“/1; 1.25|11.412.1 |2.6| 42|50 |2, 6{L.4]02.8|4.2 |1.¢]2.8]2.9]a.2]13.8 2,6 2.8 [1.2%901.,4 (2} |28 }3,8]4.2)2.0]| 2.8 |1,95]|).4 (3.8
300 1] Cleas Wing x x x x x x x x H H x x x = x x x
-2.0 l z H x 5| = x x x x x
0 Underviog Fairing x 1 x x
Simulated Migailes
¢ Underwing Pairing o * x = x
o 5STD Boom Localions 1 a x X x x x
-2.0 ) x z x x = x x x
60 Q Cloan Wing X = x x = x 4 x x
-2.,0 l x x = = =
-3.% x x x = =
0 ¥ingtip Glave x | x 4 x =
0 STD Boom Locktion x x x x x x x = x
-2,0 | F = x xr x
=3.5 x = x = x
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Table 3. Test Matrix Summary, Small-Sting Support Phase

Coufiguration ] 0.8 9.8 0,8 1.2 1.5
-5
ozzie L wingtis | Hacizontal Notee Box 107/ 1.4 2,1 2.4 z.8 1.4 2.4 1.4 2,1 2.4 1.4 2.1 1.8
deg Dooms Blade Vary o NPR | & NPR a XPR | @ NPR NPE T KPR NPR | & RPR|[ WPR || & NPE o KPE ||= NPR
200 o orf [ § § No Kiaslles x a|= a a x |= x x x
1} ¥T Miaziles a x x x x | x x 1 x x x
-2 x x x x x x x x
=1.5 . A x x x
-1.¢ = x x =
~1.75 x x x 4 x .2
-1,25 x = x =z .3
1] [ No Migsilss x x F3 x
a ALt x X x = x
] Fuwd x x x x
-3 At x x X =
230 o Twd x z = x
-2 el £4 Lf ¢4 NT Mipmiles L] x T x x
l L] I . = ) § x x ] x
300 -2 £ = a® x 2 x x £ x = x
=30 = x x x
o x X = x x X xz | = x x x ||1.3] 1.2
Q On ™D No Missilen L] x x x
Q Aft x x x ®
-2 | } X z x x
360 o ¢m Art ] E x
l o ofr ort T Wissilos = x x x x = x x
-z l l = x = = x x Ed x
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Table 4. Surface Pressure Orifice Location
a. Forebody

ol G K I I Comment
502 0.197 0 Upper Surface
203 0.372 o
504 0.335 0
€05 0.633 o
306 0.774 0
307 0.795 4]

508 0.795 2.4

509 0.795 4.8

510 0.774 4,8

511 0. 704 4,8

512 0.266 2.0

513 0.310 0

514 0,422 a

515 0.670 225 Lauwer Surface

516 0.732 225

57 0.795 225

318 0.795 0.8 Upper Surface

519 0.795 150 Lower Surface

520 0.79% ¢}

604 -2.8 Statle Fressure
(Fltot=Static Boom)

505 0.531 3,75 Upper Surface

H05 0,555 3,5

507 0.588 3.3

5048 0,399 L5

409 0.611 3.5

610 0.628 3.5

511 0.704 3.5

612 D.774 3.5

513 0,795 3.5

614 0,774 a Lower Surface

615 0.746 0

616 0.704 0

617 0,661 0

&18 0.61% o

619 0,591 a

228




Table 4. Continued

AEDC-TR-79-10

a. Concluded.

Drifice | XL ¢, deg B, Y, Z, Comment

Ho. . in. in. in.

£20 l 0.535 | o Lower Saorface

621 | 0.173 | 0

622 p.107 0

623 | g.661 | 180

626 | 0,704 ] 180

625 g, : 180

626 ! 0,785 ! 180 !
627 | 0.795 202,5 {
628 0.746 202.5 '
629 ] 0.704 2.5 l
630 0.661 202.5 ;
631 0.619 202.5 ' i
632 0.591 202.5 ’

611 0.795 247.5

634 P o0.638 | 0.50 in. above Dorsal Base |
635 ' o0.611

536 J 0,500 i

637 | 0.588 i ]

38 | 0.559 r

&3 0,535

640 0.600 i t,0 in, above DNorsal Base :
641 0.611 ‘ !
642 2,521 \ |
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Table 4. Continued
b. Afterbody Pressure Instrumentation

N B Il B I
221 D.964 | 90 - 0.06 -
222 0.964 77 - 0 -
223 0.927 - - 0.25 -
224 0.964 - - 0.20
225 0.893 | S50.06 4,564 1] 2,930
226 0.862 43.15 5.118 [} 1,734
227 0.831 38,54 5.618 ] 6.39%
228 0.836 37,52 4,564 0.72 3.520
229 0. 866 40,74 4.258 0.2 3.226
230 0.898 45 3.930 0.722 | 2.779
231 0,937 45 3.700 0.884 | 2,518
232 0,964 50 - - -
233 0.957 22.5 3,574 2.132 | 3.302
234 0.930 22.5 a.71s52 2.064 { 3,466
235 0.899 22.5 3.930 1.996 | 3.671
236 0.872 22,5 4,084 1.934 | 3.782
237 0.847 22.% 4.258 t.870 | 3,93
238 0,839 0 4.25B 3.500 | &.258
239 0,873 0 4.094 1.500 | 4,094
240 0,896 o 3,830 3.500 | 3,930
241 0,936 ) 3,700 3.500 | 3.70D
242 0.964 D - 3.500 | -
243 0.950 0 - 3.500 -
302 0.956 { 340 3.57% 4.722 | 3,358
3 6.929 | 340 3,800 4.800 | 3.5M
304 0.896 | n4p 4,040 6.882 | 3.79%
305 0.83% | 340 4,258 4.956 | 4,001
306 0,839 - - 6.300 -
207 ¢.902 | 326.2 4,258 5.868 | 3.518
308 0.933 | 326.2 3.530 5.6846 | 3.266
03 0.95% | 326.2 3,574 5.488 | 2.97p
3o 0,364 | 315 3.677 6.100 | 2,600
in 0.955 | s 1.T00 6.116 | 2.616
312 0.943 | 215 3,930 6.278 | 2.779
13 0,926 | 318 4,258 6.510 [ 3.011
24 0.907 | 35 4,564 6.728 | 3.227
115 0.827 | 326.2 4,494 5.000 | 3.7
e 0.830 | 303.8 4.848 7.528 | 2.697
147 ¢.907 | 303.8 4,566 7.292 | 2.53¢
e 0.930 | 303.8 4,258 7.038 | 2.369
319 0.946 | 303.8 3.930 6,766 | 2.186
3 0.955 | 303.8 3,700 6,574 | 2,058
kY31 06.964 | 303.8 31.610 6.500 | 2,008
322 0.964 | 292.5 3.615 6.840 [ 1.383
323 0.960 | 92,5 3,700 6.916 | 1.416
324 0.927 | 292.5 3.930 7.130 | 1,504
125 0.891 | 292,5 4,258 7.636 { 1,629

230



Table 4, Continued

b, Continued

o | B |t | Do | D .
325 0.31% 292.5 6,564 7. 16 1.747
327 D.852 2B2 5.258 T.064 n.8RS
328 0.5897 282 3.%30 7.344 G.817
329 0.338 282 1.700 7.120 0.769
330 d.964 282 1.578 7.000 L1
33 0.964 272 3.602 7.100 26
332 0.96% 264 3.,45% &.%40 =162
333 0.964 232.8 3,454 6,800 -1.021
334 0.940 252.8 3,700 7.034 =1.0%4
333 [+ ALt 252.8 3.930 7,254 -1.162
338 G.829 252.8 &.258 7.568 -1.25%
337 Q.808 247.5 4,564 7.718 =-1.747
318 D.883 247, 5 4,258 7,434 -1.6429
319 0,923 2475 3,930 T.130 -1.504
340 0.964 267,5
341 0.935 23h,2 3,930 5,765 -1.186
347 0.897 236,2 4,564 7.292 -2.5339
L0z a.5644 225 5.374 7.300 -3.800
403 0. 840 225
404 D.878 225
405 0.905 225
406 0.920 225
407 0.933 225
408 0.951 225 3,700 6.116 ~Z.616
409 0.964 215
410 0.964 220
411 0.96% 213.8
412 0.338 213.8 3.930 5,686 -3.266
413 0.899 213.6 4,364 &.C38 -3.783
FATA 0.866 213.8 5.118 6.347 -4.253
415 0.829 202.5 5.374 5,556 -4.965
415 0.856 202.5% 5.118 5.459 ~4,728
417 0,875 202,5 4,848 5,355 4,479
418 0.38%5 202.5 4,564 5.247 -4,317
419 0.915 202.5 4,258 5.129 ~3.934
420 a,935 202.5 3.930 ¢ 5.004 =3,63¢
4n 0.959 202.5 3.574 4,8A8 =3.302
422 0,961 191,2 3,930 4,261 -3.855
423 0.926 191.2 4.564 4,386 -4 477
424 0.83% 191.2 5.118 b, 594 -5.61
425 4.810 180 5.374 3.500 =5,374
L26 u.d31 180 5.118 3.500 =5.118
L27 0. 856 180 4848 3,500 -4, B48
428 0.880 t8D L.564 3.500 =4,56L
429 0.904 180 4.238 1,500 -4,258
430 0.91 1RO 3.53D 3.500 -3.930

231
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Table 4. Continued

b. Concluded.

o R LA S S
431 0.952 180 3.700 3.500 =3.700
432 0.964 | 180 - 3.500 -
433 0,938 | 168.8 3.930 2.737 ~3.855
434 0,887 168,48 4.564 2.614 =4.477
435 &.837 168.8 5. 118 2.506 =5.021
436 0.809 137,5 5.613 1.350 =5.150
437 D.832 | 157.5 5.374 1.443 =4.965
438 0.855 | 157.5 3,118 1.541 -4.728
439 0.878 | 157.5 4,848 1.645 =-4.479
440 0.900 | 157.5 4,564 1.753 -4.217
441 n.921 157.5 44258 1.871 =3.934
442 0.941 157.5 3.930 1.995 =-3.631
521 0.956 157.5 3,700 2.084 =3.418
522 0.964 157.5 - 2.16 -
513 0964 | 145 - 1.5 -
524 0.942 | 145 3,530 1,246 =-3.21%
525 0,923 145 5.258 1,058 =-3.488
526 0.904 | 142.5 4,564 3,720 ~-3.620
527 0.873 145 4.B48 0.720 =3.972
518 0.867 147.1 5.118 0.720 -4.298
529 0.842 | 148.8 5.374 0.720 -4.600
530 D.B1E | 150.3 5.618 0,720 -4 .862
5n b.B2Z5 - - 0,750 -
532 D.875 136.85 5.118 D -3,734
533 0.509 - - 0.350 -
534 0.521 139.2 4.258 0,720 =1.226
535 0.941 135 3.930 0721 =2.719
536 0.955 | 135 3,700 0.884 =2,515
537 0.964 | 135 - - -
538 0.952 [ 123.8 3.700 0,425 -2.058
539 0.%44 - - 0.450 -
540 0.964 112,5 - - -
541 ¢.967 4} - - -
542 ¢.967 | 320 - - -
543 3.967 | 215 - - -
544 $.967 ) 135 - - -
502 G.967 50 - - -
603 0.967 180 - - -
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Tahte 4. Continued
e. 200-in.2 Nozzle

Hozzle: 200-1n.2 Throat

T | s | b DD
102 0.974 0 3.24 3.5
103 0,984 o] 2.8 3.5
104 d.992 ] 2.24 3.5
105 0.994 22.5 2.118 2,6895
1086 0,984 22.5 2,81 2.4247
107 0.974 22,5 3,24 2.260
108 3.974 b5 3,24 1.209
109 Q.978 45 3,07 1.329
1a 0.984 45 Z.81 1.513
1 0,988 45 2.504 1.729
12 0,992 45 2.14 1.916

1,000
113 Exft Statie 45 1. 7146 2,265
114 0.994 &47.5 Z.118 1.543
s 0,985 67.5 z.n7 0,9898
116 0.976 67.5 3174 0,5678
117 0,974 90 3.24 0.2p0
118 0.934 90 2.717 0.783
119 0,992 90 2.24 1.26
120 0.994 112.5 2.118 1.543
121 0.985 12,5 2.717 0.9898
122 0.976 112.5 3.174 0.5676
123 B.974 135 3.24 1,209
124 0.979 135 3.042 1,349
125 0,984 135 2,810 1,513
126 0.588 135 2.518 1.7185
137 0.552 135 2.240 1.%16
1,000
128 Exit Static 135 1,746 2,265
129 0.994 157.5% 2,118 2.6895
130 T.984 157.5 2.810 2.64247
131 0.574 157.5 3.24 1,280
132 0.974 180 .24 3.50
133 0,384 130 2.810 3.50
134 0,992 180 2.24 3.50
135 0.994 02,5 2,118 4,310
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Tahle 4. Continued
¢. Concluded

HOZZLE: 200—111.2 Throat

il B ) N I )
136 G.945 202.5 2.n7 4,5198
137 0.974 02,5 .24 4.7333
138 0.9374 225 3.24 5,791
139 0.979 225 3.0u2 5.651
140 0,984 225 2,810 5.487
141 q.988 225 2.514 5, 2805
152 0.9%2 225 2. 240 5.083%9
143 0.977 181 3. 140 3,5548

1,000
202 Exit Statie 225 1,746 4.7346
pux) 0.994 247.5 .11 5.4568
204 0.985 247.5 2,117 6.010
205 0.975 247.5 3.174 5.432
206 0.976 270 3.174 6,674
07 0.985 270 .17 &.217
208 G994 270 2,118 5.614
209 0.9%4 282.5 2,118 3.4568
210 .985 51.5 2,17 6.010
211 0.976 292.5 3174 6.432
212 Q.974 115 3.2e 5.791
213 0,979 s 3.042 5.657
214 0.984 s 1.B19 5.487
215 0.988 15 2,518 5.280
216 0.992 ns 2,240 5.0839
1.000
217 Exic Static 315 1.745 4.736
FAL) 0.9%94 30,5 2,118 4,310
19 0.985 337.5 2,717 4.5398
220 0.97¢ 337.5 3.174 4 7146
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Table 4. Continued
d. 230-in.2 Nozzle

KOZZLE: 230-1.n.2 Throat
Grifice X/L 4, deg E, ¥, z,
Hou in. in. in.
102 0.975 a 3.162 3.5
103 0.985 i) 2.865 3.5
104 0.993 0 2.330 3.5
105 0,995 22.5 2.218 2.651
106 0.935 22.3 2.865 2.404
107 $.9175 22,5 31.262 2.252
108 3.975 &5 3.2612 1.193
109 4.979 45 3,09% 1.309
110 0.535 45 2.B565 1.474
1m 0.988 45 2.580 1.676
112 ¢.993 &5 2.330 1.852
113 1,000 45 1.925 2,139
Exit Static
114 0,995 87.5 2.218 1,451
15 0.956 67.5 2,783 5.929
116 0,977 67.5 3. 198 0.545
117 0.975 % 3.262 0.238
118 0.986 1e} 2,783 a,717
19 0,993 90 2.330 1.170
120 0.395 112.5 2,218 1,451
121 0.986 112.5 2.783 0.52%
122 0.977 112.5 3.198 N.545
123 0.975 135 3.262 1.193
124 0.5980 135 3.08 1.312
125 0.985 135 2.865 1.474
126 0.939 135 2.593 1.656
127 0.5%3 135 2,330 1,852
128 1.000 135 1,925 2,139
Exit Static

129 0.99% 157.5 2.218 2,651
130 0.985 157.5 2,865 2.404
in 0.875 157.5 3.262 2.252
132 0.975 180 3.262 3.5
133 0.985 180 2,865 3.5
134 0.993 180 2,13 3,5
135 0.995 202.5 1.8 4.349
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Table 4. Continued
d. Concluded

NOZZLE: 230-1n.2 Ihroat

drifice L 4, deg R, Y, 2,
HNo. in, in, in.
136 0.986 202.5 2.7B3 4.565
137 3.975 202.5 3.262 4,748
133 4.975 225.0 3.262 5.B07
139 9,980 225 3.0B0 5.578
140 0.985 225 2.B65 5.526
141 a.989 225 2,593 5.334
142 0.993 225 2.330 5.145
143 0.978 181 317 3.555
202 1.000 225 1,925 4,861

Exit Static
203 0.995 247.5 2,218 5.549
204 0.986 247.5 2,783 5.0M
205 0.977 247.5 3.138 §.455
208 0.977 270 3.198 6,698
207 0.986 270 2,743 6.283
208 0.995 270 2.218 5.718
209 0.995 292.5 .28 53.549
210 9.986 292.5% 2,783 6.071
21 9.277 292.5 3,198 6.455
212 0.9715 s 31.262 5.807
3 ¢.980 315 l.a8 5.674
214 0.985 s 2.8&5 5.526
215 0.989% 315 2.593 5.33%
216 0.993 M5 2,330 5,148
217 1.000 115 1,925 4.861
Exit Static
218 0.995 337,5 2,218 4.340
219 0.986 3372,5 2,783 4.565
220 0.977 337.5 J3.198 5,725
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-Table 4. Continued
e. 3200-in.2 Mozzle

NOZZLE: 3DD-1n.2 Throat
Drifice X/L ¢, deg R, Y, Z,
Ka. in. in. in.
102 0.977 0 3.295 3.5
103 0.987 0 2.9590 1.5
104 0,99 ] 2,538 3.5
105 0.935 22,5 2,577 2.514
106 a,947 22,3 2,990 2.356
107 Q.977 22,5 3.295 2.239
108 0.977 45 3.29% 1.170
103 0,982 45 3.18 1.252
110 Q3,987 45 2.990 1.3B4
1M1 a,992 45 2.758 1.550
112 0.996 45 2,538 1.705
113 1.000 45 2.304 1.81
Exit Static
114 0.995 67,5 2,577 1.11%
115 0.988 7.5 2,933 0.790
116 0.980 67.5 3.234 0,512
117 a.977 20 1,295 0.205
118 a.9484 o0 2,933 0.567
119 G.996 90 2,538 0.%62
120 3.995 112.5 2,577 1,119
121 0.988 112.5 2.913 0.790
122 0.980 ¢ 112.5 3.234 0.512
123 0.977 135 3,295 1.170
124 0.982 135 1.160 1.266
125 0.947 135 2.990 1.386
126 0.992 135 2.760 1.548
127 0.926 135 2.538 1.705
128 1.000 135 2.304 .81
Exit Static

129 0.995 157.5 2.577 2.514
130 ¢.947 157.5 2.990 2.356
k)| 0.927 157.5 3.295 2.239
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Table 4. Continued
e. Concluded

ROZZLE: 300--1n.2 Throat

Orifice /L 4, deg R, T, Z.
No, in. ie. in.
132 0.977 180 3.295 1.5
133 a.987 180 2.990 3.5
134 0.996 180 2.538 3.5
135 02.995 202,35 2.577 4,486
136 0.988 202.5 2,933 4.622
137 0.49717 202.5 3.295 4,761
138 0.977 225 3.295 5,830
139 0,982 225 3.15 5.73
140 0.987 225 2.99 5.614
141 0.992 215 2,760 5.452
w2 ¢.996 225 2,538 5.295
143 0.940 181 3,230 3.556
202 1.000 225 2.304 5.129

Exit Statie

203 0,993 247.5 2,577 5.881
204 0,988 241.5 2,933 6.21

205 0,980 247.5 3.234 6,488
206 0,580 220 3,234 €.734
207 0.388 270 z,933 6.493
208 0,995 270 2.577 6,077
209 D.995 292.5 2.577 5.8B1
210 0.988 292.5 2,812 6.210
211 0.980 92,5 3.234 6.488
212 0.977 315 3.295 5.830
3 0.982 35 .16 5.734
214 a.987 315 2.990 5.614
215 0.992 ns 2.760 5.452
215 0.996 Hs 2.538 5.295
217 1.000 115 1.304 5.129

Exit Static

na 0.995 337.5 2,577 4.485
219 0.988 337.5 2.933 4,622
220 0.980 337.5 3,235 5.738
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Table 4, . Continued
f. 360-in.2 Mozzle

%O—in.z

NOZZLE: Thrcat
Orifice /L ¢, deg R, Y, Z,
Ho. in, in. in.
102 0.979 4] 3.333 3.5
103 0.989 o 3.098 3.3
104 0.998 0 2,720 3.5
105 0.9299 22.5 2.658 2,683
106 0.989 22.5 3,098 2,314
107 a.979 22.5 1,333 2.225
08 0.979 (1] 1,333 1.143
109 0.983 45 J.258 1. 196
110 0.%89 45 3.008 1.309
111 0.994 45 2.910 1.442
112 0.9%8 45 2. 720 1.577
113 1,000 45 2,589 1.669
Exit Statie
114 0,999 67.5 2.658 1.044
15 0.990 &61.5 3.046 0.686
116 0.981 67.5 3.303 0.648
117 0.97% 90 3.333 D.167
118 0.990 90 3.066 0.454
11¢% 0,998 S0 2.720 0.78
120 0.999 112,5 2,658 1.044
124 0.990 12,5 3.048 -686
122 0.981 112,5 1,303 L4438
123 0.979 135 3.333 1.143
124 0.384 135 3.240 1.20%
125 0.98% 135 3.098 1,309
126 0.994 135 2.22D 1.435
127 0.9%8 135 2,720 1.577
128 1.000 135 2,589 1.669
Exit Static

129 0.999 152.5 2.658 2,483
130 0.989 152.5 3.098 2.314
1 0.979 157,53 3.333 2,225
132 0.97% 18D 3,333 3.5
133 0.989 180 3.098 3.5
134 0.998 140 2,720 3.5
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Tahle 4. Concluded
f. Concluded

ROZZLE! 360-1n.2 Throat
Orifice /L ¢, deg R, Y, Z,.
Ho. in. in, in.
135 0,999 202.5 2,658 4.517
135 0.990 02,5 D46 4.666
137 0.979 202.5 .11 4.775
138 0.97% 225 3.313 5.857
139 0.984 225 3.240 5.791
140 0.98% 225 3.098 5.691
14 0.995 225 2.920 5.565
142 0.993 225 2,720 5.423
143 0.982 81 3.292 3.557
202 1.000 225 2.589 5.33
Exit Scacic
203 0.999 247.5 2,558 5.958
204 0.93%0 247.5 1.046 6.314
205 0.981 247.5 3.303 6.552
206 0.931 27 3.301 6,803
207 0.9%0 270 A.045 5,545
208 0.999 70 2.5658 6.153
209 0.999 292.5 2.558 5.956
210 0.990 292.5 3.046 6.314
K1k 0.%61 291,5 3.303 6.552
212 0.979 15 3.333 5.B57
213 D.964 315 3,240 5.791
214 0.989 315 3.058 5.691
215 0.994 k3)-] 2.920 5.565
216 0.998 s 2.7120 5.421
217 1.000 s 2,599 5.331
Exit Stacic
214 0.999 1375 2.858 4.517
219 0.990 337.5 3,046 4.666
20 0.981 337.5 1.303 4,764
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AEDC-TR-79-10

NOMENCLATURE
Incremental areas used in pressure integration, in.2
Full-scale nozzle throat arca, in.? (see Fig. 4)

Afterbody integrated pressure gxial force coefficient Z(CPi) (Ai)/Si= 221 to
4472, and 522 to 503 (see Table 4)

Nozzle integrated pressure axial foree coefficient Z(CPi) (AQ)/S,i = 102 to
220 (see Table 4}

Total aft end (nozzle plus afterbody) inteprated pressure axial force
coefficient, CAABPW + CANPW

Surface pressure coefficient, (Pi-P)/Q, along orifice ray at ¢ = xx
Sting diameter, in.

Pressure coefficient differences (WT - SS) on orifice ray at ¢ = xx
Nozzle exit diameter, 1n. _(see Fig. 4)

Maximum sting diamecter, {3.43 in.)

Model fuselags station, in. (see Fig. 2)

Model length, 142.1 in.

Body length, 126.6 in. (10.55 ft)

Large-sting support system

Free-stream Mach number

Nozzle pressure ratio (model nozzle total pressure/free-stream static pressure)
Eqguivalent nozzle pressure ratio (Ref. 5)

Free-stream static pressure, psfa

Model surface pressure, psfa (see Fig. 7 and Table 4)

Free-stream total pressure, psfa
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Q Free-stream dynamic pressure, psfa

R Nozzle and afterbody outer surface radius, in. (See Figs. 4b through ¢ and
Table 4)

Re Free-stream unit Reynolds number, per foot

Reg Characteristic Reynolds number based on body Iength

r Nozzle internal surface radivs, in. (sce Figs. 4b through ¢)

ot Wing + fuselage planform area (2,020 in.2)

5S Small-sting support system (annular-jet test)

TS Wind tunnel station. in.

UCPi Uncertainty in surface pressure coefficient i

WT Wingtip support system

X Model axial station, in.

Xn Nozzle axial station. in. (see Figs. 4b through ¢)

X Distance between nozzle exit and beginning of sting taper, in. (see Table 1)

Y Lateral location of pressure orifice (sce Fig. )

Z Vertical location of pressure orifice (see Fig. 7)

a Model angle of attack, dep

A Differential of componcnts for conditions indicated {sec Fig. 37)

Sy Horizontal tail deflection angle, deg (positive leading edge up)

i Angular location of pressure orifice, deg (see Fig. 7b)

Part Data part number (a data subset containing variations of only one

Number independent parameter)

t

Data Data point number (a single record of all test parameters)

Point
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