_?: ‘{-.-Odls C. Pendergraft Jr s
e -'-‘.,,.andE Ann Bare CREIRA

R @ https://ntrs.nasa.gov/search.jsp?R=19820024444 2020-03-21T06:19:48+00:00Z

B Effect of Nozzle and
| Vertical-Tail } ;f;anables
o on the Performance of a e

ki

NASA
TP
2043
c.l

T

WN'G4VY AMVHEITHOZL

, COPY: RETURR T8
S UAPVL. TEf,Hmm USR-W?
' 'qmuﬂﬂifs M’ L




NASA
Technical
Paper
2043

1982

NNASN

National Aeronautics
and Space Administration

Scientific and Technical
Information Branch

TECH LIBRARY KAFB, Nm

LU T

00L78148

Eftect of Nozzle and
Vertical-1ail Variables

on the Performance of a
"Three-Surtace F-15 Model

at Iransonic Mach Numbers

Odis C. Pendergraft, Jr.,
and E. Ann Bare

Langley Research Center
Hampton, Virginia






SUMMARY
Y An investigation was conducted in the Langley 16-Foot Transonic Tunnel to deter-
mine the longitudinal aerodynamic characteristics of twin two-dimensional (2-D)
nozzles and twin baseline axisymmetric nozzles installed on a fully metric 0.047-
scale model of the F15 three-surface configuration (canards, wing, horizontal
tails). The effects of 2-D nozzle in-flight thrust reversing, locations and orienta-
tion of the vertical tails, and deflections of the horizontal tails were also deter-
mined. Test data were obtained at static conditions and at Mach numbers from 0.60 to
1.20 over an angle of attack range from =-2° to 15°. Nozzle pressure ratio was varied
from jet off to about 6.5.

Results of the investigation indicate that thrust reversing had essentially no
effect on longitudinal stability and only small effects on horizontal-tail control
effectiveness. WNacelle-mounted vertical tails produced slightly lower drag than the
baseline, boom-mounted vertical tails at subsonic Mach numbers. The axisymmetric
nozzles with baseline or nacelle-mounted vertical tails had lower drag than the two-
dimensional convergent-divergent nozzles.

INTRODUCTION

Recent studies of twin-engine fighter aircraft (refs. 1 to 5) have identified a
number of potential advantages of nonaxisymmetric nozzles as compared to conventional
round or axisymmetric nozzles. One important benefit of nonaxisymmetric nozzles is
the adaptability of the design to include thrust vectoring and reversing with less
weight penalty than conventional axisymmetric nozzles. (See refs. 5 and 6.) The
addition of thrust reversing capabilities to most current and future fighter aircraft
would greatly enhance short field take-off and landing (STOL) performance. Also, the
use of in-flight thrust reversing has the potential to improve ailrplane agility
during air-to—air combat.

The performance of nonaxisymmetric nozzle thrust reversers at static and sub-
sonic flight conditions has been determined in several experimental investigations
(refs. 7 to 13). These results indicate that highly efficient nonaxisymmetric noz-
zles with thrust reversers can be designed. However, use of the in-flight thrust
reverser could cause significant changes in airplane tail loads, particularly for
twin-vertical-tail configurations (ref. 14) and could also degrade the control
effectiveness of horizontal-tail (ref. 11) and rudder surfaces (ref. 12). The effect
of in~-flight thrust reversing on stability and control at angle of attack is also of
great importance.

This paper presents the longitudinal aerodynamic characteristics of a three-
surface F-15 model with baseline axisymmetric nozzles installed and with two-
dimensional convergent-divergent (2-D C-D) nozzles installed. Each nozzle type was
tested in the positive thrust mode, and the 2-D C-D nozzles were also tested in
partial and full reverse thrust modes.

This investigation was conducted in the Langley 16-Foot Transonic Tunnel at
static conditions and at Mach numbers from 0.60 to 1.20. Angle of attack was varied
from -2° to 15°, and nozzle pressure ratio was varied from jet off (1.0) to about 6.5



depending on Mach number. Two twin-vertical-tail locations, three twin-vertical-tail
toe angles (leading edge out), and three horizontal-tail deflection angles were
tested.

SYMBOLS
Ae nozzle-exit area, cm2
At nozzle-throat area, cm2
CD thrust-removed drag coefficient, DS
w
drag-minus-thrust fficient = F
C(D—F) rag-minus rust coefficient, 5
(2]
CL total lift coefficient, EQEEl_liﬁz
q,s
: - . . Lift
Cy, . a lift coefficient with static thrust component removed, oS
14
'
Ch total pitching-moment coefficient, Total pltching moment
quc
c (8,=5") - c (6.=0")
Cm horizontal-tail pitch-control effectiveness, 5
SH
c wing mean geometric chord, 22.83 cm
D drag, N
F thrust, N
Fg gross thrust, N
=1
. R R . 2Y pm Y
F. ideal isentropic gross thrust, m RT ., |1 - : N
i Y- 1 t,3 P, .
t,]
M free-stream Mach number
m measured mass~flow rate, kg/sec
ﬁi ideal mass-flow rate, kg/sec
Pe i average jet total pressure, Pa
’
P free-stream static pressure, Pa
o]
q free-stream dynamic pressure, Pa



R gas constant (for +y = 1.3997), 287.3 J/kg-K
s wing reference area, 1244.9 cm2

Tt,j jet total temperature, X

a angle of attack, deg

Y ratio of specific heats, 1.3997 for air

6H horizontal-tail deflection angle, positive leading edge up, deg
6REV nozzle thrust-reverser flap angle, deg (fig. 11)
Abbreviations:

A/B afterburning

ASME American Society of Mechanical Engineers
B.L. bgtt line, cm

C-D convergent-divergent

DSW divergent sidewalls

F.S. fuselage station, cm

L.E. leading edge

L.H. left hand

NPR nozzle pressure ratio

PTJ nozzle jet-total-pressure orifices

R.H. right hand

SSW fixed, straight sidewalls

VSW variable sidewalls

W.L. waterline

2-D two-dimensional (nonaxisymmetric)

APPARATUS AND PROCEDURE
Wind Tunnel

This investigation was conducted in the Langley 16~Foot Transonic Tunnel, a
single-~return, continuous—flow, atmospheric wind tunnel with a slotted, octagonal
test section measuring 4.8 m diametrically to midflat center line. With the aid of a
compressor system, which draws air out through slots in the test section for



M > 1.05, the test-section airspeed is continuously variable between Mach numbers of
0.20 and 1.30. Further details on dimensions and the operating characteristics of
the Langley 16-Foot Transonic Tunnel can be found in reference 15.

Support System

The model was supported in the tunnel by a sting-strut system as shown in fig-
ure 1. High-pressure air lines and all instrumentation were routed through the
support system. The complete model was mounted on an internal, six-component strain-
gage balance through an adapter to the sting strut.

Propulsion Simulation System

The facility high-pressure air system provided a continuous flow of clean, dry,
heated air to the model. This high-pressure air is transferred from a common high-
pressure plenum in the front of the model to the nozzles by means of dual flow-
transfer assemblies. A sketch of the assembly is shown in figure 2. The two sets of
flexible metal bellows (longitudinal) in conjunction with the two side-mounted metal
bellows (lateral) serve to minimize pressurization tares while still maintaining
sufficient flexibility for proper force balance operation in all six components.

Transition (from round to rectangular cross section) and instrumentation sec-
tions were downstream of 30-percent~open choke plates which were located in each
exhaust flow tailpipe at fuselage station 83.35. The transition section terminated
at fuselage station 91.592, which was the common connect point for all two-
dimensional nozzles. The axisymmetric nozzles used an externally tapered ring to
fair between F.S. 91.592 and F.S. 93.259 - the axisymmetric nozzle common connect
point.

Model

The model used for this investigation was a 0.047-scale model of a F-15 three-
surface configuration (canards, wing, horizontal tails) with axisymmetric nozzles.
This model is a fully metric jet-effects model with faired-over inlets to allow pro-
pulsion simulation. A sketch of the model is shown in figure 3. Figure 4 shows a
photograph of the model installed in the Langley 16-Foot Transonic Tunnel. Model
geometric characteristics are given in table I. The baseline configquration is char-
acterized by boom~-mounted twin vertical tails (toe angle, L.E. out, of 2°), aft-
located boom-mounted horizontal tails, closely spaced axisymmetric twin engines, and
forward inlet-mounted canards. For this investigation, the canards were set at a
nominal angle of -6° (leading edge down) - the minimum drag angle for subsonic cruise
flight as determined from unpublished wind-tunnel data. In order to adapt the model
afterbody for smooth integration of the rectangular nozzle shape, hardware interfair-
ings were used.

Baseline axisymmetric nozzles.- Sketches of the two baseline axisymmetric noz-
zles showing their geometry are given in figure 5. The nozzles with the smaller
throat area (fig. 5(a)) represent the maximum dry-power setting for all Mach numbers
less than 1.10, while the nozzles with the larger throat area (fig. 5(b)) represent
the maximum-afterburning-power setting (A/B) for Mach numbers less than 1.10. A
sketch and the coordinates of the fixed fairing around the nacelle ahead of the mov-
able nozzle hoattails are given in figure 6.
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Baseline (boom~mounted) vertical tails were mounted at 2° (L.E. out) toe angle
and also at 0° and 4° (L.E. out). BAn alternate tail configuration with the vertical
tails mounted forward on the engine nacelles at 2° toe angle and 15° cant angle was
also tested. In conjunction with this position of the vertical tails, a different
set of booms were used to mount the horizontal tails. Photographs of this vertical-
tail configquration are shown in figure 7(a), and a sketch giving the important dimen-
sions of the model (with 2-D nozzles installed) is shown in figure 7(b).

Two-dimensional convergent—-divergent nozzles.- A photograph of the two-
dimensional convergent-divergent (2-D C-D) nozzles installed on the F-15 model is
shown in figure 8. Sketches of the dry and A/B power positive~thrust 2-D C-D nozzles
are shown in figure 9. The dry and A/B power nozzle flaps for use with straight
sidewalls are shown in figqure 9(a), and the dry-power nozzle flaps for use with the
divergent sidewalls are shown in figure 9(b). The three sidewall configurations are
shown in figure 9(c). The fixed, straight sidewalls represent sidewalls that do not
change shape as the nozzles are closed down to dry power from the A/B power setting,
creating channels over the movable flap surfaces. (See photograph in fig. 8.) The
fixed divergent sidewalls are shown in the center of figure 9(c) and present an
attempt to reduce nozzle sidewall boattailing. These were used only with the diver-
gent sidewall flaps shown in figqure 9(b). For these sidewalls, throat and exit
heights were reduced slightly to retain the same throat area as the straight sidewall
dry-power positive-thrust nozzles. The variable sidewalls shown at the bottom of
figure 9(c) represent the nozzles in the dry-power condition but without any exposed
sideplates.

Figure 10 is a photograph of the fully deployed thrust reversers installed on
the F-15 model. Sketches of the two reverser deployments tested are shown in fig-
ure 11. The partially deployed (20°) reverser was designed to spoil all forward
thrust, while the fully deployed (130°) reverser was designed to produce approxi-
mately 50 percent reverse thrust.

This 2-D C-D nozzle design simulates a variable-area internal expansion nozzle.
The throat area and the exit area of the full-scale hardware would be independently
controlled by the separate actuation of the convergent and divergent nozzle flaps.
Thrust reversal would be accomplished by actuation of the convergent flaps, closing
the throat area while simultaneously opening the reverse flow ports upstream. For a
complete description of this nozzle mechanism, see reference 8.

Instrumentation

Model forces and moments were measured by an internal six-component strain-
gage balance. Internal cavity pressures were measured at two forward and two aft
locations.

Mass~flow rate in each nozzle was determined from total pressure and temperature
measurements in the flow transfer assemblies (fig. 12) using flow constants deter-
mined from the calibrations with ASME standard nozzles. The total mass-flow rate
(both nozzles) was measured by a turbine flow meter (external to the tunnel). These
data were used as a back-up to the calculated values. The flow conditions in each
nozzle were determined by two total-pressure probes - one from the top and one from
the side of each tailpipe - and one total-temperature probe in each nozzle. All
nozzle instrumentation was located aft of the choke plate and transition section (see
section "Model and Support System"). All pressures were measured with individual
pressure transducers.



Tests

Test data were taken at Mach numbers of 0, 0.60, and 0.90 for all configurations
and at 1.20 for selected configurations. BAngle of attack was varied from -2° to 15°
depending upon Mach number; nozzle pressure ratio varied from approximately 1.0 (jet
off) to about 6.5 depending upon Mach number. Basic data were obtained by holding
nozzle pressure ratio constant and varying angle of attack. Nozzle-pressure-ratio
sweeps were conducted at 0° angle of attack for selected configurations. Undeflected
horizontal tails were tested with all configurations, and selected configurations
were tested with horizontal tails deflected at -15° and 5° and with tails off.

Boundary-layer transition was fixed on the model by means of 0.25~-cm-wide strips
of No. 120 carborundum grit. These strips were located 1.91 cm aft (streamwise) of
the nose and the inlet fairings. Transition strips on all lifting surfaces were
located at 5 percent local chord. The methods described in references 16 and 17 were
used to determine the locations of these strips and the grit size.

Data Reduction

All data for both the model and the wind tunnel were recorded simultaneously on
magnetic tape. For each data point approximately 50 frames of data, taken at a rate
of 10 frames per second, were used to obtain average recorded data. The recorded
data were used to compute standard force and moment coefficients using wing area,
mean geometric chord, and span for reference area and lengths. Corrections were made
to the force data to account for bellows/balance interaction tares (refs. 7 and 11).
In addition, balance corrections were also made to account for internal cavity

pressure/area tares.

Model angle of attack a was computed from the strut pitch angle. This angle
was corrected by applying sting deflection terms caused by bending under aerodynamic
load. A flow angularity adjustment of 0.1°, which is the average angle measured in
the ILangley 16-Foot Transonic Tunnel, was applied to the angle of attack.

Total-pressure profiles were determined for the ASME calibration nozzles and the
2-D C-D nozzles with straight sidewalls by use of movable Kiel probes (total pres-
sure). Each internal total-pressure probe was corrected to the integrated value of
jet total pressure at the nozzle throat.

Thrust-removed coefficients were obtained by determining the components of
thrust in the axial, normal, and pitch directions and subtracting these values from
the measured forces. These thrust components at forward speeds were determined from
measured static data and are a function of the free-stream static and dynamic

pressure.

Data from this investigation may be used to correct aerodynamic forces and
moments obtained on an unpowered model having the correct inlet geometry and inlet
flow. A 0.047-scale sting-mounted aerodynamic model of the F-15 three-surface con-
figuration with the correct inlet shape and mass flow has previously been tested and
the results' are reported in reference 18. BAerodynamic force and moment data for a
0.047-scale F-~15 model without canards, using the axisymmetric nozzles of this inves-
tigation to simulate the actual nozzles at operating nozzle pressure ratios, as well
as these nozzles plus choke nozzles to match flow-through nozzle pressure ratios, can
be found in reference 19. These data should further aid in sorting out the propul-
sion effects for the three-surface configuration.
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PRESENTATION OF RESULTS

The results of this investigation are presented inéplotted coefficient form
except for the static-performance data, which are presented in ratio form. Unless
otherwise noted on the figures, data are for the baseline configuration with boom-
mounted twin vertical tails (toe angle, L.E. out, of 2°) and boom—-mounted horizontal
tails at 0° deflection.

The static-performance data are presented in the following figures:

Figure

Baseline configuration with axisymmetric nozZzleS csecececscsscccesacosscnasns 13
Configuration with two-dimensional convergent-divergent (2-D C-D) nozzles

and fixed, straight nozzle sidewalls (SSW) cescscscccsascccsrsscssssscscsssae 14
Configuration with 2-D C-D SSW nozzles and with two different

nozzle SidewallS e.isceccoosccscsscscsrssscscssessossnsscoscnsseasesssosssassssas 15
Reverse thrust performance of configuration

with 2-D C-D SSW NOZZ1E@S ccceeccscssscsscssnstscnccssscsssssscssssscssasnasassss 16

The basic drag-minus-thrust performance data for all configqurations are pre-
sented in the following figures:

Baseline configuration with axisymmetric nozzles -

Dry power; M = 0eB60 ceccocsvsscscscscscnccescscssosssssssssssossssssscnsssssess 17(a)
Dry power; M = 0.90 cceesoocossosoccccccsssssassssssscssscscscsasascsnscncescsnss 17(Db)
Dry POWEY; M = 1020 ecececsssscccsscccscsssscssossssssccsssssccsssscssnssacs 17(C)
Maximum afterburning power; M = 0.60 ccsessccaccscessessccssccassscsscssces 18(a)
Maximum afterburning power; M = 0.90 ecccccccccccscsoscsccssasssssssssacssss 18(b)

Dry-power axisymmetric nozzles and nacelle-mounted vertical tails -
M = 0060 eceveveccccecansssessaccnssossossososccssscsssscscscssssscssssccsssesss 19(a)

M = 0090 coveeseccesossecesssssostscscnscsssscssssscsosasssssscscscssssscsescsssses 19(b)

Nozzle sidewall effects with 2-D C-D dry-power nozzles -
Divergent sidewalls (DSW); M = 0.60 eceeccccsscsoscsccccossosnsssssssssccssccea 20(a)

Divergent sidewalls; M = 0.90 ccececvescccscccssscssscssssccscsssenssssses 20(Db)
Variable sidewalls (VSW); M = 0.60 ssesscscsccccsssascscssasscscccscsssesaases 21(a)
Variable sidewalls; M = 0.90 eececeecscacsccrossossssssscsssscscsssssssssssse 21(b)

Fixed, straight sidewalls (SSW); M = 0.60 cecccscccscsccccsccccccccnsssccsss 22(a)

Fixed, straight sidewalls; M = 0.90 cccesccccccrsssoscacscscsnssssssscsssscsse 22(b)

Fixed, straight sidewalls; M = T1.20 ceccccessssosscscsssccssssssssscccssscs 22(C)
2=-D C-D maximum~afterburning-power SSW nozzles -

M = 0660 toevecsccstccssosnsoscstesasancssocsosasscscssssssacssccssssssssssssss 23(a)

M = 0090 sottccececscsncsscesccscscsssossscssncsssscssscscscssscsssssnasssassens 23(b)
Dry-power 2-D C-D nozzles and nacelle-mounted vertical tails -

M = 0260 cceecsccsossccscsssccscocosnsosossscsossncscsccncscsscssssssssssssecsecncecs 24(a)

M = 0e90 ccecccsacoscoscscossossssossnseccsssscssssssssasnssassscssscsssnsecass 24(Db)

Twin-vertical-tail toe—angle effects with dry-power 2-D C-D nozzles -~
Vertical tails O0ff; M = 060 ccceossccoscansossascssssscsssssssscsssscsssssssses 25(a)
Vertical tails off; M = 0.90 ecccceocsesascssscscsssssssscosssssccccscccccce 25(b)
Vertical tails OFff; M = 1420 ceeseccscscssscsoscscsccssssasssssssssssssssss 25(C)
Twin-vertical-tail toe angle Of 0°; M = 0.60 secscescscscscscsscscsscssscas 26(a)
Twin-vertical-tail toe angle of 0°; M = 0.90 cceeccsoncscccsansscsssccnscse 26(b)
Twin-vertical-tail toe angle (L.E. out) of 4°; M = 0.60 ecoceccscscssecssooss 27(a)
Twin-vertical-tail toe angle (L.E. out) of 4°9; M = 0.90 cssccescssscscsces 27(b)
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Reverser effects with 2-D C-D dry-power nozzles -

Partially deployed reversers (Oppy
Partially deployed reversers (8
. REV
Partially deployed reversers (GREV =
Fully deployed reversers (6REV = 130°)
Fully deployed reversers (6REV = 130°)
Fully deployed reversers (6
Reverser effects (6REV =
Horizontal-tail deflection
Horizontal-tail deflection
Horizontal-tail deflection
Horizontal-tail deflection

I

of -15°
of -15°
of 5° (L.E.
of 5° (L.E.

= 90°);
90°);
90°);
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; M
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130°§Eon horizontal-tail power -
(L.E.
(L.E.
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Reverser effects on longitudinal stability -

0.60
0.90
1.20

Horizontal tails off; M =
Horizontal tails off; M =
Horizontal tails off; M

Reverser effects with tails off and twin-vertical-tail location -

Vertical and horizontal tails off;
Vertical and horizontal tails off;
Vertical tails off; M = 0.60
Vertical tails off; M = 0.90
Nacelle-mounted vertical tails;
Nacelle-mounted vertical tails;
Differential reversing effects on
= 0° (L.H.), 130° (R.H.);

6REV = 0° (L.H.), 130° (R.H.);
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The thrust-removed longitudinal aerodynamic characteristics are presented

in the following figures:

Baseline configuration
Dry power; M = 0.60
Dry power; M = 0.90
Dry power; M = 1.20
Maximum afterburning
Maximum afterburning

Dry-power axisymmetric
M= 0.60
M = 0.90

power; M = 0.60
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Reverser effects (6R

Vertical tails off; M = 0.60
Vertical tails off; M = 0.90
Vertical tails off; M = 1.20
Twin-vertical-tail toe angle o

Twin-vertical~tail toe angle of 0°;

Twin-vertical-tail toe angle (
Twin-vertical-tail toe angle (

Partially deployed reversers (
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Partially deployed reversers ({

Twin-vertical-tail toe-~angle effects with dry-power 2-D C-D nozzles -
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Figure

Effect of axisymmetric and 2-D C~D afterbody nozzle shapes on drag-
minus-thrust performance of configuration with maximum-
afterburning-power nozzles -

M = 0660; O = 02 cececaccscccsacscnsosnsscscssscsososnsssssscssscsssscnsscscssssss 00(a)

M = 0e690; O = 09 .seececocsssesccossccscsassansssssesssscessscscsscssssssnsacsese 60(Db)
Effect of twin-vertical-tail location on drag-minus-thrust performance of

configuration with axisymmetric dry-power nozzles -

M = 0e60 cocecocccsscsccscvnosscossnssesssssssescsscssosscssscnsscssssssssscsses B1(a)

M= 0e690 eccececoossocssnsacossccsocssesassansssssossossssccasscsssssscssssssssecs 01(b)
Effect of twin-vertical-tail location on drag-minus—-thrust performance of

configuration with 2-D C-D SSW dry-power nozzles -

M = 060 ceoeecooccsccassosssossocssssacsscsssossessssssssssssssssssssssessssss 62(a)

M = 0.90 ceeesecososcssoscsevsoscsocssosssassssssessssssscsssscsssscssscssscsacsscses 62(b)
Effect of different nozzle sidewalls on drag-minus-thrust performance

of configquration with 2-D C-D dry-power nozzles -

M = 0o060 sceecsceccascosnsonsesnsssssssssnsccsscossssssoncssassssessssscsssssse 63(a)

M= 0,90 cscesvecscssssssnsscessscssacscsacssassssssosssossssssscsscssssssasscsse 63(b)
Effect of vertical tails on drag-minus-thrust performance of

configuration with 2-D C-D SSW dry-power nozzles -

= 0e60; A= 02 ceecocccssssccssssassassosesssscssscsssscssssassssssscsssssssse Hbd(a)

M

M = 0.60; O = A% teeeeacsssesasssessscsessssovessscssssassscsasssesssssscsss 64(b)
M = 0.60; O = 892 seseccoscosssscesssscasscsocsssssosssssscsscssssssssssncsasasscss 64(C)
M = 0.90; O = 02 ececescctsasososocsvcosasasccssssssssssssssoscsscscscscccssscccs H55(a)
M = 0.90; O = 4% ceeeeoceoccosssoscsososasssssssssssssassscssscsccscsssscsssss 65(b)
M = 06907 O = 8% teeesssevstssasosososssscsssssssccsesssssssacsssssssssssscssss 65(C)
M = 1.20;7 @ = 02 cevescescesscsosscsosnsasnscsscssnssosssssssssscscsssasascssssssce 06(a)
M = 1.20; O = 4% cesvecsesssscsscacessossossascssssosssscsscsscssssssssssssssssce 66(b)
M = 1.20; O = 89 cessccccsscsossessssessssscsssscscssscssssscsssssesssscssssssesss 66(C)

Effect of twin-vertical-tail toe angle (L.E. out) on drag-minus-thrust
performance of configuration with 2~D C-D SSW dry-power nozzles -
M = 0eB0 coveccostoscscansonsosssssostsssscsossssosssssssssssosnssssnscsssscccsses 07(a)
M = 0.90 ceeosctceevsososcesssssosossasosossasnscsssssscsoscsssssssssscsssscsssnces 07(b)
Effect of thrust reversers on drag-minus—-thrust performance of
configuration with 2-D C-D SSW dry-power nozzles -

M = 0460 teveeesscnccesscsssssoctososcoscsssssassssscossssssscsssssscnssssses 68(a)
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M = T1e20 eceeecosvsssosssccssosasssessosssssssosssssscssssososssssscscsascsvsessossssssscs 68(C)

Effect of twin-vertical-tail location on drag-minus-thrust performance of
configuration with 2-D C-D SSW dry-power nozzles and 6REV = 130° -
M = 04060 cevececanoonosesasscsacssstasasssasnssssscsscsssessssssscsssnssscscses 69(a)
M = 0,90 tevceccccccscsecsssaconcssosnsnscsncsnsecscsscsssssnssasssascscsscssenss 69(b)
Horizontal-tail pitch-control effectiveness for configuration with
2-D C-D SSW dry-power nozzles and 6REV = 130°% ceececesccccscssnssscscscsacees 70

DISCUSSTION
Basic Data
Static (M = 0) performance.- Static performance of the axisymmetric and 2-D C-D

nozzles in the forward thrust mode is shown in figures 13 to 15, and static reverse
thrust performance of the 2-D C-D SSW dry-power nozzles is shown in figure 16. For-
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ward thrust performance F Fi exhibits the normal single point peak expected for
nozzle types with all internal exhaust flow expansion. (See, for example, fig. 15.)
The peaks, though not well defined because of the low values of Ae/At involved,
appear to occur near the nozzle pressure ratios regquired for fully expanded exhaust
flow (NPR = 3.2 for dry-power nozzles and NPR = 4.5 for the A/B power nozzles).
Nozzle pressure ratios above about 3.70 could not be achieved for the A/B power noz-
zles at static conditions because of bellows pressure limitations produced at the
higher mass flows required. This problem only occurs at static conditions and is
relieved with increasing Mach number as static pressure is reduced. This limitation
prevented static test data being taken near the A/B nozzle operating NPR's, so it was
necessary to extrapolate the data up to about NPR = 5 to match the highest NPR data
points taken at M = 0.90.

Reverse thrust performance for the two reverser positions, along with the for-
ward thrust performance for comparison, is shown in figure 16. The 90° reverser flap
is positioned to spoil the nozzle thrust but statically does produce up to 17 percent
reverse thrust with increasing nozzle pressure ratio. The resultant reverse flow is
probably due to the uncontained flow upstream of the four nozzle ports caused by the
very short nozzle length upstream, compared to the longer flap downstream. The fully
deployed reverser, with consideration for internal losses, is designed to produce
approximately 50 percent reverse thrust but statically attains only about 45 percent.
It will be shown in later figures that these reverse thrust values increase at
forward speeds.

Drag-minus-thrust performance at forward speeds.- For all the configurations
investigated, basic data concerning effects on the longitudinal aerodynamic charac-
teristics of the three-surface F-15 model at forward speeds are presented in aerody-
namic coefficient form, including thrust contributions, in figures 17 to 36. The
data for the complete configurations (all tail surface in place) exhibit the normal
characteristics for advanced fighter aircraft. The configuration is slightly
unstable at M = 0.60 and M = 0.90 and stable at M = 1.20. For the axisymmetric
nozzle configurations, NPR has little or no effect on pitching-moment coefficient or
lift coefficient and, of course, large effects on drag-minus—-thrust coefficient.
(See, for example, fig. 17.) With their larger throat areas and much larger mass
flow, the afterburning-power nozzles produce approximately twice the change in C(D—F)
as the dry-power nozzles for the same NPR. (See fig. 18.)

For the 2-D C-D nozzle configurations, the data exhibit trends similar to the
axisymmetric nozzle configurations except that NPR has a much larger effect on
pitching-moment coefficient, especially for the divergent sidewall nozzles. (See
fig. 20.) This is probably due to slight differences between the upper and lower
nozzle flaps and/or slight differences in alignment of the nozzle flaps with the
model center line at assembly. In many cases where basic model configurations were
tested, data were taken at jet off and at up to four additional NPR's to help
determine in more detail the effects of NPR on the data. (See, for example,
fig. 17.) Much of these data are replotted versus NPR in later figures to show the
effects. Many of the remaining configurations were tested only at jet off and oper-
ating NPR values to reduce the length of the wind-tunnel test program. (See, for
example, fig. 18.) Figures 17 to 27 contain data for configurations without thrust
reversers deployed, figure 28 is for partially deployed reversers (5REV = 90°), and
figures 29 to 36 are for fully deployed reversers (Oppy = 130°). Again, small dif-
ferences in nozzle geometry may be causing the large effects on pitching-moment coef-
ficient, especially since small differences in the throat area (top to bottom) would
have even larger effects on moment than for the forward thrust nozzles. As expected,
removal of the horizontal tails made the configuration more unstable. (For example,
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compare fig. 32 with fig. 29.) Operation of the reversers has little or no effect on
the pitching-moment slopes except for M = 1.20, indicating minimal effects on longi-
tudinal stability at subsonic speeds. (See fig. 29.) This result is also reported
in references 10 and 12 for the F-15 configuration with boom-mounted vertical and
horizontal tails. The aft location of the vertical tails serves to shield the rever-
ser flow, minimizing effects on the horizontal tails. Removing the vertical tails
produces a large adverse change in pitching moment with reverser operation, indicat-
ing significant reductions in the shielding effect. (Compare fig. 34(b) with

fig. 29(b).) Mounting the vertical tails farther forward on the nacelles produces
similar but less reverser effects on the horizontal tails. (Compare fig. 35 with
fig. 29.) Further results of the reverser effects on horizontal-tail effectiveness
are discussed later in a summary figure. Differential reversing (5REV = 0° for

left nozzle and & = 130° for right nozzle) has only small effects on longi-
tudinal data and rgggces reverse thrust by more than half. (Compare fig. 36 with

fig. 29.)

Thrust—-removed performance at forward speeds.- Basic longitudinal data with the
thrust removed (determined from static-thrust-calibration runs made before each tun-
nel run) are presented in figures 37 to 56 in the form of CL,a plotted versus
o and Cp. Note that both the o« and Cp scales have been expanded from the pre-
vious figures. For the forward thrust configurations (figs. 37 to 47), operation of
the jets generally produces slight decreases in drag coefficient and has little or no
effect on lift coefficient except for maximum afterburner power. (See fig. 38.) For
the reverse thrust configurations (figs. 48 to 56), operation of the jets signifi-
cantly increases the drag coefficient and slightly reduces or has little effect on
the lift coefficient. The 1lift reduction with reverser operation is the more impor-
tant phenomenon, since this reduction could adversely affect maneuverability during
reverser use. Summary data plots (with pt,j/pw and NPR) are presented later to
further show the effects of jet operation.

Comparison and Summary Data

The effects of the following configuration changes on the drag-minus-thrust
performance are to be discussed:

Nozzle type.— The lift and drag-minus-thrust performance of the configurations
with 2-D C-D SSW dry-power nozzles is compared with the configurations with axisym-
metric dry-power nozzles in figures 57 to 59 for several angles of attack from 0° up
to 15° depending on Mach number. The same comparison is made for the afterburning-
power-nozzle configurations, but only at a = 0°. (See fig. 60.) In general, the
axisymmetric nozzle configurations had slightly better drag-minus-thrust performance
than the 2-D C-D nozzle configurations for all Mach numbers and angles of attack and
for all but the highest wvalues of Pt,j/pw’ The thick nozzle sidewalls (about
13.46 cm full scale) and the necessary nozzle sidewall closure, along with steep
nozzle boattailing, contribute to the poorer performance of the 2-D C-D nozzle. It
is felt, however, that elimination of the internozzle closure would substantially
improve this performance, probably to or above the level of the axisymmetric nozzle
configurations. ©Nozzle shape does not affect the 1lift characteristics enough to
indicate any significant trends.

Twin-vertical~-tail position.- The drag-minus~thrust performance of the dry-power
axisymmetric nozzle configuration with boom-mounted vertical tails (baseline) is
compared in figure 61 for the same nozzle configuration with nacelle-mounted vertical
tails (2° L.E. out, toe angle) canted out 15° and having streamlined booms. The same
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comparison is also made in figure 62 for the configuration with dry-power 2-D C-D SSW
nozzles. For most conditions and both nozzle types, the configuration with nacelle-
mounted vertical tails had slightly better performance. This result was expected,
since mounting the vertical tails on the nacelles also moves them forward -
substantially reducing afterbody closure rate near the nozzles and moving them
partially out of the most critical interference region. Further information on tail-
location effects for a single-engine generic model may be. found in reference 20.

Nozzle sidewall shape.- The drag-minus-thrust performance of the dry-power 2-D
C-D nozzle configurations with the three different nozzle sidewall shapes is pre~
sented in figure 63 for M = 0.60 and M = 0.90. The variable sidewall (VSW) and
the fixed, straight sidewall (SSW) configurations had about the same performance for
both Mach numbers. Both nozzle configurations had significantly better performance
than the divergent sidewall (DSW) nozzle configuration. The VSW and SSW nozzles had
the same internal geometry so that the slight differences in performance between them
are due to the external flow differences caused by the channel effects of the fixed,
straight sidewall exposed surfaces above the nozzle flaps at the dry-power setting.
By comparing the jet-off data to the jet~on data, it is evident that the loss in
performance for the DSW nozzle configuration is due to internal losses in the noz-
zles. The divergent sidewalls upstream of the nozzle throats further aggravate the
already difficult flow transition from round to rectangular in the nozzle ducts -
producing additional total-pressure loss and hence thrust loss.

Vertical tails on/off.- Removal of the twin vertical tails decreases drag-minus-
thrust coefficient at all conditions (figs. 64 to 66) as would be expected. At Mach
numbers greater than 0.6, there is a small increase in lift. This 1lift increment may
be attributed to the smoother flow field of the afterbody without vertical tails.
There is no effect of jet operation on the lift and drag increments.

Twin-vertical-tail toe angle.- The effect on drag-minus-thrust coefficient of
varying the twin-vertical-tail toe angle from the baseline 2° L.E. out is shown in
figure 67. The best overall drag-minus-thrust performance was exhibited by the 4°
toe-out configuration. There is a channeling effect of the twin vertical tails, as
noted in reference 14. At subsonic Mach numbers, the local velocity between the
tails is higher than the velocity outside the tails. The turning of the twin-
vertical-tail toe angle (L.E. out) reduces this channeling effect and, therefore, the
drag, as seen at M = 0.90 with the jet off (fig. 67(b)). With increase in angle of
attack, the drag reduction increment decreases as expected. With the jet on, the
pumping action of the flow further reduces drag-minus-thrust performance.

Amount of thrust reversal.- Use of the 2-D nozzle in-flight thrust reversers
shows that besides the obvious effect of increased drag with reverser deployment,
there is also an effect on lift and pitching moment, as shown in figure 68. The
drag-minus-thrust increment due to thrust-reverser deployment decreases with increas-
ing Mach number; however, both the 130° (fully deployed) and the 90° (partially
deployed) remain effective at Mach 1.20.

The change in lift due to reverser deployment is an incremental reduction in
1lift that is not dependent on the degree of reverser deployment. This is probably
attributable to testing only at the 90° and 130° positions. Testing at other lower
reverser angles should show that the lift reduction is a function of reverser posi-
tion, but mostly occurring at lower angles than 90°.

As previously discussed, this F-15 three-surface configuration is subsonically
unstable. The trend of pitching moment is basically unaffected by deployment of
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thrust reverser. In the basic data it was shown that for subsonic Mach numbers
(figs. 42, 48, and 49) reverser installation (jet-off data) caused an increment
change in basic pitching moment and that reverser operation decreases this increment.
(Compare fig. 17 with fig. 29.) The deployment of thrust reversers does not alter
the basic longitudinal stability of this F-15 three-surface configuration.

Twin-vertical-tail position.~ The effect of nacelle-mounted vertical tails
(2° L.E. out, toe angle) with reversers fully deployed is shown in figure 69. BAs
previously discussed, there is a reduction in drag with the jet off and with the
nacelle-mounted tails. Jet-on data at M = 0.60 reverse the trend observed with
the jet off. The baseline tails, being farther aft, are more influenced by the
reverse flow plume, which may cause blockage of the free-stream flow. As previously
discussed, this reduction in local velocities between the vertical tails can reduce
drag. The nacelle tails, being canted outward 15° plus being farther forward of the
reverse flow, do not show the same effect. At M = 0.90, this jet effect is no
longer seen. Drag-minus-thrust coefficient is lower with both the jet off and the jet
on for the nacelle-mounted tails.

Horizontal—-tail pitch-control effectiveness.- A major concern of using thrust
reversers in flight is the effect of reverse flow on control surfaces, particularly
the horizontal tails (ref. 11). Figure 70 shows the horizontal-tail pitch-control
effectiveness with thrust reversers fully deployed. The increment jet off to jet on
shows the thrust-reverser jet plumes produced only small changes in the level of
horizontal-tail pitch effectiveness. This small effect is due to the arrangement of .
the horizontal and vertical tails on the F-15 (fig. 7(b)). The vertical tails shel-~ D
ter the horizontal tails from the reverser flow. Possible concerns with this config- '
uration are increases in twin-vertical=-tail loads (ref. 14) and the possibility of
affecting rudder control power.

ey
N

CONCLUSIONS

An investigation was conducted in the Langley 16-Foot Transonic Tunnel to
determine the longitudinal aerodynamic characteristics of twin two-dimensional
(2-D) nozzles and twin baseline axisymmetric nozzles installed on a fully metric
0.047-scale model of the F~15 three-surface configuration (canards, wing, horizon-
tal tails). The effects of 2-D nozzle in-flight thrust reversing, locations and
orientation of vertical tails, and horizontal-tail deflections of ~15°, 0°, and 5°
were also determined. Test data were obtained at static conditions and at Mach
numbers from 0.60 to 1.20 over an angle of attack range from =2° to 15°. Nozzle
pressure ratio was varied from jet off to about 6.5. Results from this investiga-
tion indicate the following conclusions:

1. The two thrust-reverser positions tested (90° and 130°) produced up to
17 percent and 45 percent reverse thrust at static conditions, but at the
two subsonic Mach numbers investigated, they produced substantially higher
values of reverse thrust.

2. The axisymmetric nozzle configurations had better drag-minus-thrust perfor-
mance than the 2-D C-D (two~dimensional convergent-divergent) nozzle

configurations.

3. For both the 2-D C-D SSW (two-dimensional convergent-divergent straight-
sidewall) nozzle configurations and the axisymmetric nozzle configurations,
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Langley

using streamlined booms and mounting the vertical tails forward on the
engine nacelles produced better drag-minus-thrust performance for most test
conditions.

The divergent-sidewall nozzles produced lower performance than the straight-
sidewall nozzles due to internal losses in the round to rectangular flow
transition duct.

The leading-edge-out toe angle of the twin vertical tails reduced measured
drag-minus-thrust at subsonic Mach numbers.

The use of in-flight thrust reversers did not alter the basic longitudinal
stability of this F-15 three-surface configuration.

The thrust-reverser jet plumes produced only small changes in horizontal-tail
pitch effectiveness.

Research Center

National Aeronautics and Space Administration

Hampton,
June 14,

1
§
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1982
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TABLE I.- MODEL GEOMETRIC CHARACTERISTICS
Overall model length, M c.cceceerettreecorseeeneatosessostsoscsosscascanssessenanssns

Wing:
SPAN, M cocereeosscocosssonssssssnossssssossssesnsesssosossesssosscasssesssesess 0.612

e ¢ A P21
0.33

AYCA, M  cecesecosossasssssossssssssscscscscosscnsscscss
Root chord (theoretical), M seeeeeeesssssssssossssosossesssssssossassascsssses
Tip chord (theoretical), M toieteeneiteetetsossersnssrasccesassssassssssessses 0.082
Mean geometric ChOXd, M cueieeeeessecsosssssasocsccssssnsescssssssosnsssssssssass 0.228
BASPECL TAL1O tueeeeeeoceocanoeonssnnssssonsasnssssossonseanacsosssnsescsnnsnscass 3.0
Taper Yatio cveeecertseosesossssosscosssssosscsssensasssacssssossssssscsscssns 0.25

Sweepback of leading €dge, dEg ceveeesceeccstsarsscossscossosscssssssnsnsocsas 45
Birfoil sSection seieeesececesassccassonssasssssssesss NACA 64A-series with modified
conical camber L.E.

Horizontal tail (exposed each side):

SPAN, M. teeececnsosasessasnosssssonosnsossasssscssossosscsssosnssssessasssssss 0.1713
AYCA, M o aceeessossossnsessssosesssassssssenssesscsssssssansassesssssssscssssseas 0.012
Root chord (theoretical), M .seecteeesassososssssosccscssosssasssssascssssnasss 0.165
Tip chord (theoretical), M teeeeeeeeisaseeessasoososssarsssssssssasoanssnsas 0.055

Sweepback of leading edge, Qg seeceessesssoscsossosssoencsssnsocssossosssosns 50
Airfoll SECtion ..ceetceceececsssecesasassssssossosscscosseasnssnssssssss NACA 64-series

Vertical tail (exposed each panel):

SPAN, M ceoeesscccccssosossesoscsssoscssosvsssssssssssssssnnsescs

csesesserssensess 0.146
sesessssses 0.013

ROOE ChOTA, M «teesevsoossososseassensossassosasossssoncssascsossssssssssnssansess 0.137
Tip ChOYd, M +eceeceeessosessoctsssesanssssssossssssssssossososscssssssscsnssaecs 0.037
Sweepback of leading edge, dAe€g cc.cieiececetstssssersssansncncssassnsccccscsess 36,57

Toe-out angle (baseline only), deg seceesssscossocsosocsessnsssssssosssscnnas 2
Airfoll SECtIiON eceeeceesscessccnccsasssossssssscssssaccsessssssssss NACA 64-series

BYCA, M™ teeceoconsonsssscsscossossscsssosssssssssssccsssoosssssasecs

Canard (exposed each panel):

SPAN, M cssececsecscscscsssssonsccsssssososossnosssocssssssssona

csecessssessss.. 0.088

AYCa,; M +eeecossssnsssessssssssnssssssssssosssassssssassnscsncssscssssssssssssse 0,006
ROOt ChOYd, M ceeesccccccrcossssncnssssossstssossssosansssencscssscasesssssssese 0113
Tip chord, M cceeeesecsectsserscsosnesscosssossoosssecsssssssssssssessssnssassssss 0,028
Sweepback of leading edge, deg sieeuieesessssesccstesessacnsscscossssesonscssnnns 50
ALrFoil SECLiON seeeesocessscscssssssscssossscsscssscsscssssssessesr NACA 64-series

Dihedral angle, A@Q ecceeesccesssssstssecorssassscsossssssssanssssssssossscnss 20
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Figure 1.- Photograph showing sting-strut arrangement of 0.047-scale F-15
propulsion model installed in Langley 16-Foot Transonic Tunnel.
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{(a) Photographs of model with axisymmetric dry-power nozzles installed.

Figure 7.~ Three-surface F-15 model with nacelle-mounted vertical tails and

modified tail booms.
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Figure 8.- Photograph of model with 2-D C-D SSW dry-power nozzles installed.
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Figure 9.- Continued.
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Figure 10.- Photograph of model with simulated, fully deployed thrust

L-80-2671

reversers.
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minus-thrust performance of configuration with dry-power nozzles at M = 0.60.
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Figure 58.- Effect of axisymmetric and 2-D C-D afterbody/nozzle shapes on drag-
minus~thrust performance of configuration with dry-power nozzles at M = 0.90.



4
HJ/R»

1 wwwu
i LHTH
H T T
L[] H Bastgpfyenggenn
TH =
LELLS 1 SSEEgREE ARNEREDE

.08
06
.04
.02
0
-.02
-.04
-.06

40,

2-D C-D SSW

Axisymmetric

®)
0O
(b)

a
Figure 58.~ Continued.

T
T
T
r
=
=
=
—t
—r
pax;

4
pt,j/poo

T i i ~
H HiH I [ h.._ 1 HHHH

137




8€L

O 2-D C-D SSW
0 Axisymmetric

Cio-p)

pt.j/poo

(¢c) o= 8°,

Figure 58.- Continued.

12

.10

.08

.04

.02

-.02




6€lL

O

O
1.3
1.2
11

1.0
C

9

8
7
% 2 4 8
(d) o = 12,

Figure 58.- Continued.

2-D C-D SSW
Axisymmetric
.22 -
2=
Bt ="
16 =
Cio-p %
.14 =
R EE
.10
.08
0 2 4




T
BT
HHH i L, il
i
L i L
] 1 17 3 i
AT =T
=8
T T
annps = SEiada :
(!
i o [
H o
i u
o0 O <r o~ o o0
= o &
N oAz =
11 o
a 1=
o g
w
D=
o <C
oo
HH il L |
o HH H
H H T 1
H H H| H HHH TR
i it ! il 11t |
BRI 1l 8 T
HE T i i Y
1l 1 g 111 ik A HHH {H
i [ i
i
H HITH T T H H sedinadlss
- H - H H
RadITRRRAL ARG IR i O
HH H H i
T i H H
HRHH T M HiH £ T
AR IR
[H I H H HIHL §
m 4 *m b HH Y I |
o [T < o o~ L (=) (=,
—

140

P J-/ Poo

o = 15°,

(e)

Figure 58.~ Concluded.



Lvi

O 2-D C-D SSW
O  Axisymmetric

.10

.08

C(D-F) S

.04

.02

-.02

2 4 6 8 0 2 4 6
p’t,j/p°° p't,j/p°°
(a) o = 0°.

Figure 59.- Effect of axisymmetric and 2-D C-D afterbody/nozzle shapes on drag-
minus-thrust performance of configuration with dry-power nozzles at M = 1.20.
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Figure 61.- Effect of twin-vertical-tail location on drag-minus-thrust performance of
configuration with axisymmetric dry-power nozzles and twin-vertical-tail toe angle
(L.E. out) of 2°. .
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Figure 69.- Concluded.
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Figure 70.- Horizontal-tail pitch-control effectiveness for configuration with
2-D C-D SSW dry-power nozzles and GREV = 130°.
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