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SUMMARY

Top falet flow field and engine-inlet performance data for an advanced fighter aircraft configu-
ration were obtained over the Mach 0.6 to 2.0 range. Thegse studies not ouly provided extensive data
for the baseline arrangement, but also evaluated the effects of key alrcraft coufiguratioan variables -
inlet location, canopy-dorsal integration, wing leading-edge extension (LEX) planform area, and vari-
able incidence canards - on top inlet performan:e. In order to set these data in the coatext of
practical aircraft systeas top inlet performance it compared with that of more conveational inlet/air-
frame fntegratioms.

The results of these evaluatioas show that, for the top inlet configuration tested, relatively
good inlet performance and compatibility characteristics are maintained during subsoaic and traasonic
saneuver. However, at supersonic speeds, flow expansion over the forebody and wings causes an increase
ia local inlet Mach nusber which sabsequently reduces inlet performance levels. These characteristics
infer that although top inlets many not pose a viable design option for aircraft requiriang a high-
degree of supersonic maneuverability, they have distinct promise for vehicles with subsonic and
transonic maneuver capatilities.

NOMENCLATURE
AR Wing aspect ratio ETZ Average total pressure at engine
compressor face
FRP Fuselage refereance plane
APTZ Maximum total pressure variation at
FS Fuselage station (iaches) Engine compressor face
1DC tngine fan instantaneous circum- ETBHS Average root-mean-square of total
ferential distortion index pressure fluctuation (turbulence)
I.DCuﬂu Maximum allowable instantaneous Angle of attack
circumferential distortion index
for ¢ typical low-bypass fighter Angle of sideslip
aircraft engine
3¢ Canard deflection angle
\'L Local inlet Mach muaber o Trailing-edge flap aungle
M -
3 Free-stream Mach number . Leading-edge flap angle
-Tl Average totiui pressure at inlet high-
1ight Leading-edge sweep angle
4?,1 M. ximum total pressure variation at r Dihedral angle

inlet highligat

1.0 INTRODUCTION

Recent advanced fighter aircraft technology studies have shown that mcunting the eangine-inlet
above the fuselage can afford a variety of potential advantages relative to amore coaventional inlet
locations. These advantages include:

® Unobstructed lower-fuselage for weapons {ntegration (inlet isolated from weapons,
eliminating eagine-inlet compatibility problems during weapons carriage and delivery)

thereby

e Virtua) eliwmination of hot gas reingection problem associated with VSTOL aircraft

e Reduced incidence of engine foreign object damage (FOD) problems during takeoff{ and landing
® Cuperior ground-level access to wost aircraft sub-systeams

® Reduced aircraft structural weight due to characteristically short inlet duct leagth

¢ Reduced frontal aspect radar cross-section (RCS) due to the Llnherent forebody/wing shieiaing
of the inlet system from low-altitude and ground-based radars.



Gespive this attraceive Lisy of adventages, top ioler systews have ool wer been appliad e
production fighter alverafe, prisarily because of concerne over dnlet Flow fleld qualizy at angle of
atback, o Howewver, several reoent eaperientsl studies (Refecences 1+5) have showa that the upper <fuses
Lage regton pomes g potentially faveradle Islel lpcarion for flghter alrorstr confignrations emploving
vartes Lift eohaodement. This s dup 1o the aitlon of The Stvang. counrer ~rotariug vortes palr pro-
duced py o rhe wing leading~edge wxtensions  (LEX'e) which effectively inhibits uwpper~fonulige flow
separarion.  Yhese wartices Lebibis sepavation by o entraintog bigh-wnergy fteesstrenn aly inio the
upper fuswelage region and sweeping low~eneryy boundary layer ale suwsrda.

Past top loter stedbies have been Jlamited to osubsoniv flow field sl eoglne-leler performance
evalpations (Relerences 1o 0 and 30 and rtransoulc and supersonile upper-fuselage flow figld surveys
Beferences & oaud o Those prograns have vstabiished o valuable 1oloial darsa base, bur bave left
& weed for isler periodaance measuresents at higher spedds te provide o Clvmer data base tor alveraly
desigs studies.  In addition, previous work has Identificd several povential grobles avess on ahikch
further dnformations ds weeded.  Fieer, ingestion of wake £1 « Trom the Sanopy can ooour, $o that the
inregration of the canopy with the fuselayge appears to e laarisnt to rop inlet periorgance.  Second,
sharply degraded ialer performance can B produced by dagestiia of wortes fiow Lars the inler, elthet
because of wortes bursting of bWecause, tu sideslilp. the vortex algrates iato rhe dalets  Thivd, m
supersonie £light wpeeds, expansion of the flow fleld vver the forebody and wings st angle of atiack
produces loval elevations in Mach number and conseguent incteases in daler whock loswes. The objec~
tives of the stedy reported on hereln ave 1o meet the aeed for hlgh-spevd performsnce daxa and to shed
further Light on the kaows problen arsas:

The test progren oa which thils paper vepotts was conduoted wader contract by Borthrop Corporar
tion tu WASA's Ames Resdarch Ceoter and the David Tavlor Naval Shlp Resoarch and Developpent Center®.
Top duler fiow field and eagline~inler petfovmance dara were obtalned for an advanced top-inler Fighter
alrevaty contipuration over the Mach U0 o 1.0 vange and for angles of sttsck and sideslip up o 277

characteristice, these tests alse dnvestigared the influence of séveral Wev wirevalr cenfiguration
varbadlesn.

This paper provides & sumsary snd evglvation of slgnlticans fest fesults from this progran wnd,
bnoaddition, compares svlected rop ialer performance dara with those of sore conventional Inlet/adr>
frame acrangements,

Top dndet perioraance evelontions weré conducted arilizing o G0 “eaie model based on North~
fopla Yernioal Avtivede Takeald and Landiag (VATOL) conligurarion.  This eehivie, deploted b Figere 1,
Mag awsigaed ds an advanied s seperionde, alrctocaly fighter vith operational capablliry from ship-board
plarforms,  Vhe webicle Ls lasnched and vencieved wriliefog %9 oanal wail-aitcing takeott and Janding
procedure from 4 wertical platfora. This launch and retrieval techntiyue inposed specisl Constralnty on
the destgs of the dnley which witisately plaved 4omador vole fn the selection 58 a top inlet configura~
Elons The taler emploved on 1hig configurative ds g two-disesstonal 1ixed geowetry deshygn with g 17
exretual compression vanp, and waw sized o shockeonciiy ot Mach 2o The wing s oa olipped delta
plantors wixh o %00 lesdiagedge seuep angle and dnciedes s iotegral wing leadingcedge esronsion
ARy Purther deralls covcerning the design of thils configuration may be abrtalued in Heforesce &,

FIGUHRE 1 vATOL 0 DB SCALE INCET PERFORMANCE MODEL
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The sudgonic diffuser utilized in the fnlet/alrframe performance model was modified from the
original VATOL design to enable fore and aft soveaent of the inlet. By eliminating almost all diffuser
offset in the diffusion plane (profile view), as is shown in Figure 2, the entire inlet sssembly,
congisting of the fnlet, diffuser and wass flow control plug asseablies, could be positioned at any one
of three predeterained locations. Although duct offset was mot accurately simulated, other diffuser
parameters such as Jduct aspect ratio and diffusion retio were retained relative to the {nitial VATOL
design. Inlet mass flov was regulated through the use of two remotely controlled plugs located In the
duct exits (see Figure 2).

INLEY SURVEY LOCATIONS AS A FUNCTION OF PROJECTED WING RODT CHORD
{BASELINE VATOL INLET LOCATION ~ 44 PERCENT!
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FIGURE 2. VATOL INLET/AIRFRAME PERFORMANCE MODEL LAYOUT

The model was slso designed tc enable evaluation of the effects of other key aircraft coafigura-
tion variables, in addition to inlet location, on top inlet performance. Details concerning these
configuration options, which included changes in canopy-dorsal integration, wing leading -edge extension
(LkX) planform area variations, and creplacemeat of the LEX by a variable incidence canard, are given in
Section 3.2.

2.2 lInstrumentation

The aodel was {nstrumented to enable evaluation of the {ngested inlet flow field and engine-
inlet performance parameters. Flrw field instruaentation spanned both the lett and right ‘nlets
systems and was located immediately upstream of the compression ramp leading-edge, as is shown in
Figure 3. This tnstrumentation package included an array of pitot and S-hole cone probes from which
local fnlet flow field parameters including total pressure, Mach number, and flow angularity were
determined. To eliminate interference effects during acquisition of engine-inlet performance data the
entire inlet flow field rake assembly was removeable. Unfortunately, cone prodbe flow angularity and
Mach nuaber data were not : iilable at the time of printing of this paper; however, cune probe pitot
pregsure measureasents are included {n the flow field total pressure data presented herein.

Deteraination of engine-inlet performance parameters over the Mach 0.6 to 2.0 range required the
use of two different {(nstrumentation systems, one applicadble to the sudsonic and transonic range and
another for supersonic speeds. For free-stream Mach numbers less then 1.4, inlet performance para-
meters were evaluated at the engine compressor face station (see Figure 1). Due to the small scale
of the wodel [7.3cm (2.91n) compressor face disazeter] instrumentation at the engine face was limited
to 12 total head pressure prodes, 6 "Kulite™ transducers (canable of smeasuring both steady-state and
dynamic pressures), and 4 wall static taps. This arrangement can be seen in Figure 4. The 18 probes
were mounted in 3 circumferential rings, each containiug 6 probes: The spacing corresponded to the
centrolds of equal areas. This {instruwentation package enabled evaluation of inlet total pressure
recovery, steady-state distortion, aid turbuleace.

At supersonic speeds above Mach 1.4, evaluation of {inlet performance characteristics at the
engine compressor face pused a problem. The small scale of the model did not allow for incorporation
of an active boundary layer control system. Thus, there was no means of controlling the shock induced
boundary layer sepsration which results from the i{nteraction of the inlet terminal shock and ramp
boundary layer. Inlet performance parameters measured at the engine ¢ -apressor face are thus nssked
by the resulting separatfon region. To coun®eract this problem ‘quasi™ fnlet performance parameters
were aeasured at the inlet entrance plane using 4 "clipped-cowl™ inlet, shown in Figure 5. The ratio-
nale behind this arrangement {s as follows: Clipping the inlet cowl moves the terminal shock down-
stream of the true inlet lip location. An arrey of pitot probes can then te mounted {n the inlet
entrance plane, upstream of the tersinal shock and the resultant separation region. The probes give
readings of local pitot pressure which are assumed equal to the corresponding total pressures at the
true inlet face. Hence, the mean total pressure recovery and steady-state distortion levels at the
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inlet entrance plane can be determined. Diffuser loss characteristics can then be used to estimate the
aean compressor face total pressure recovery levels.

The inlet was also instrumented with surface static pressure taps oan the camp and alorg the
upper- and lower ~centerlines of the duct for diagnostic purposes (see Figure 5).

2.3 Test Particulars

Top inlet flow field and engine-inlet performance evaluations were conducted in the 11-Foot
(3.4a) Transonic and 9-by 7-Foot (2.7m x 2.lm) Supersonic Unitary Plan Wind Tunnel Facilities at NASA's
Ames Research Center.

Testing ian the 1]l -Foot Wind Tununel was c‘mducted at the primary test Mach numbers of 0.6, 0.9
and 1.2 at & {ixed feynolds number of 9.8 x 10 /a (3 x 10 /ft). Maximum angle of attack was limited
to 27° by string divergence criteria. 1he support sysrea enabled survey of a + 15° circular angle of
attack and sideslip eavelope, which was ceatered at 12.5° angle of attack and 0 sideslip. This gave an
angle of attack capability =3 to 27° st zero sideslip and correspondingly reduced ranges of angle of
attack at non-zero sideslip angles. Testing was conducted at fixed sideslip angles of 0°, 4" , 8° and
12°. Liuited testing was also conducted at negative sideslip angles to determine the effect of possi-
ble model asymmetries on inlet performance. The test envelope surveved can be seen by looking ahead to
Figure l4.

In the 9-by 7-~Foot Hénd Tunnel.bthe primary test Mach numbers were 1.0 and 2.0, again at a
Reynolds number of 9.8 x 10 /& (3 x 10 /ft). An angle of attack range of -4° to 15° was surveyed
at fixed sideslip angles of 0°, 4° and 8°.

In both tunnels, the influence of inlet mass flow ratio on inlet perforsance was examined at
predeterained angle of attack and sideslip conditions, however, all data presented in this paper are
for the maximum engine airflow condition. To ensure turbuleat boundary layers on the model, transi-
tion strips were fixed to the aircraft nose, wing leading-edges, and canard leading-edges during all
testing.

3.0 DISCUSSLON OF RESULTS

The following sections present and discuss some of the more significant results from this rest
program. First, selected results obtained for the baseline configuration will be described. Then, in
Section 3.2, the influence of certain configuration variables on {nlet performance will be considered.
Finally, fa Section 3.3, the inlet performance characteristics obtained for the baseline coafiguration
are coampared to those of aore conventional fnlet installations.

3.1 Baseline Configuration Inlet Performance Characteristics

Screening tests were initially conducted tc determine the impact of inlet location on engine-
tnlet performance, and to aid in the selection of a baseline fulet arrangement for future comparative
purposes. The results of these tests, however, showed little discernable difference in inlet performs-
ance as a function of ianlet location over the eatire test envelope surveyed. In the absence of any
decided preference, based on engine-inler performance data, the atd-fnlet locatiou was selected as the
bsseline arrangement since it corresponded with the VATOL i{nlet design locatfon. Similar screening
tests were also conducted to assess the influence of leading-edge flap deflections (0°C 2 < 30°) on
inlet performance. Test data showed that only marginal improvements {n inlet performance wer? obtafned
with leading -edge flaps deployed, thus for all ensuing perforasnce evaluations the zero degree leading-
edge flap setting was used. In addition to incorporating a wmid-inlet arrangement and zero degree
leading ~edge flaps, the baseline configurstion as defined employed the baseline VATOL LEX, shown f{n
Figure 2, and was tested with trailing-edge flaps undeflected.

Performance characteristics associated with the VATOL inlet/airframe model diffuser systea were
evaluated during subsonic and transonic wind tunnel testing. The results of these studies show that
there is & marked thickening of the boundary layer along the upper- and lower -centerlines of the duct,
which adversely effects inlet recovery and distortion. Surface static pressure instrumentation located
along the upper-centerline of the duct indicates that this growth fg nct attributable to boundary layer
separation, but rathuer to the adverse pressure gradient created by the high local wall angles (7°
maxisus diffuser half-angle as opposed to accepted optimum value for an fdeal diffuser of 7.5° to
3.5°). Convers=ly, surface static pressure {instrumentation along the lower-centerline of the duct
indicates that there may be a zone of separation and re-attachment femediately downstream of the inlet
throat (high turning region shown in Figure 3). Comparison of tnese data with Northrop experimental
data for a similar top inlet diffuser with offsert indicates, that VATOL inlet performance levels could
have been improved by 0.5 to 0.8 percent had the amodel diffuser design not been constrained by a fore
and aft movesment requirement.

3.1.1 Subsonic-Transonic Petformance

Subsonic and transonic inlet performance characteristics for the baseline arrangement are
presented in Figure 6 in teras of average total pressure recovery, distortion, and turbulence, which is
a weasure of the total pressure fluctuation. Each of these parameters is presented as a function of
angle of attack at zero sideslip for Mach 0.6, 0.9, and 1.2. 1In addition to the typical maximua
ainus minisum total pressure, steady-state distortion paraaeter ( 4P, 2/I’T ), an estimate of ma: um
instantaneous fan digtortion has been provided to enable a prellu;{lry assessaent of engine-inlet
compatibility. The instantaneous distortion parsazter presented (IDC/IDC N t) is an estimate, based
on steady state distortion and root-mean-square turbulence data, of the aua instantsaneous circum-
ferential fan distortion normalized by a representative maximum allowable (limiting) value for a
typical low-bypass ratio fighter aircraft engine (this vaiue has not been quoted due to its proprietary
nzture).
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FIGURE 6. SUBSONIC AND TRANSONIC INLET PERFORMANCE
CHARACTERISTICS AT ANGLE OF ATTACK (3 = 0°)

It can be seen from Figure 6 that in the 1lg level flight doasin, 1°* < @ < 3°, the top inlet
systea exhibits high total pressure recovery levels, notwithstanding decreases in performance with
increasing Mach number. These decreases in performance with Mach number, at lovw to moderate angles of
attack, are attributable to {increased incidence of canopy-dorsal separation. This highlights the
importance of careful canopy-dorsal integratifon for top-mounted inlet iastallations. As angle of
attack is incressed from 3° tc 10° s general deterioration in inlet recovery, distortivm, and turbu-
lence is experienced, independent >f Mach number. This performance degradatfon is not the result of
increased canopy-dorsal separation, it 72:hiT ls traceadble to ingestion of low-energy flow emanating
from the juncture of the wing leading-edge extension and forebody. This is illustrated in Figure 7,
vwhere Mach 0.9 inlet flow fleld total pressure contours are presented in conjunction wil! .- spoanding
water tunnel flow visualizatlion photographs for a similar top inlet configuration. In tact, .:.~wre 7
shows that at 10° angle of attack the wake shed from the canopy-dorsal is no longer evident, due tu the
entrainsent action of the LEX vortex systea. Above l0° angle of attack, a general improvement in inlet
performance is noted to levels near those obtained at 0° angle of attack. This effect is ascribed to
the increased sweeping action of the LEX vortex with angle of attack, which entrains the low-energy,
LEX/body juncture flow out of the inlet flow fleld. laprovements Iin recovery are tealized until
a exceeds 15° to 20°, dependent on free-stream Mach number. Above this angle of sttack range there is
a reduction in inlet recovery accompanied by increases {n distortion and turbulence. This is caused by
the 2ovement of the LEX vortex systeam burst point ahead of the inlet entrance plane. The burst phencae
on described results in a rapid expansion in the diameter of the low-energy turbulent core of the
vortex, which is subsequently ingested by the inlet (see Figure 7, a = 27°). 1t can also be seen in
Figure 6 that the burst point amoves ahead Of the inlet at progresaively lower angles of attack with
increasing Mach number. This phenomenon is believed to be attributable to changes in the strength
of the wing leading-edge vortex gystem and the magnitude of the LEX/body juncture lcw-pressure region
with Mach nuaber. As Mach nuaber incresses the wing leading-edge vortex system strength decreases,
while the amagnitude of LEX/body juncture flow reglon increases, thus having a resultant destabilizing
action on the wing LEX vortices.

In sideslip, the top-mounted i(nlet system exhibits performance trends which are diametrically
opposed to those of most conventional twin-inlet installations for low to moderate angles of sideslip
( 8<12°%). For top-mounted inlet {nstallations, as is shown in Figure 8, 1t {s the wvindward inlet which
experiences the most noticeable degradation in inlet performance. Although Figure 8 presents data orly
for the Mach 0.9 condition, the trends shcwn ate indicative of those exhidited over the entire Mach 0.6
to 1.2 test envelope.

The leeward inlet initially experiences an laprovement in recovery and distortion characteris-
tics, over most of the positive angle of attack spectrum, at low sideslip an les ( 8= 4°). Thie
feproveament is due to migration of the LEX/body wake out of the inlet flow tiela, as is fllustrsted in
the total pressure contours of Figure 9. At higher sideslip angles, leeward inlet performance deterio-
rates as a result of ingestion of low-energy flow from the windward LEX/body juncture. Only a small
amount of this low-energy flow is ingested at 8% sideslip, whereas at 12° the entirety of the low-pres-
sure region is ingested, thus accounting for the marked differences in performance shown. The dramatic
{aprovemant in inlet performance which occurs st 12° sidealip and 21° angle of asttack, shown in Figure
8, is brlieved attributable to thy tavorable influence of the LEX vortex entrainment mechanism.
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In general, windward inlet perforsance decreases with increasing sideslip. This can be related
to iacreased low-energy flow buildup from the windward LEX/body juncture at low angles of attack, and
to migration of the windward LEX vortex systea into the inlet flow field at higher angles of attack.
An anomaly in this trend is exhibited at 12° sideslip. At this angle, low-pressure flow from the
winduard LEX/body juncture amigrates ocut of the wiadward inlet flow field, thereby explaining the
improvesent in performance observed in Pigure 8, velative to the 8° sideslip condition, at low to
moderaté sng.e of attack.

3.1.2 Supersoni~ Characteristics

Duricg supersonic testing, ingested imlet flow fleld quantities were aguin evaluated, however,
as commented in Section 2.2 “"quasi” 1inlet performance parameters were measured at the inlet entrance
plane. The iniet aperture total pressure dats were used to estimate average compressor face recovery
levels (Pr /P_ ) and to Jetermine steady-state, maximum minus ainisum, distortion levels (4P, l/l’_l. )
weasured n’t ‘?uzss{nlct entrance plane. Estimated coapressor face recovery levels were obtn?ned y
subtracting an allowance for the diffuser losses from the asasured inlet aperture recovery levels. The
total pressure loss attributed to the diffuser was 1.9 percent; this value was coaputed from subsonic
test data for the baseline configuration. HNo attempt was made to estimate compressor face distortion
levels from the inlet aparature data as the impact of tie diffuser on distortion varies (it can
increase or decrease distortion) dependent on the inlet entrance profile.

Values of estimated recovery and measured distortion are presented in Figure 10 as & function of
angle of attack at zero sideslip for Mach 1.6 and 2.0. A comparison of the estimated recovery levels
in Figure 10 with corresponding transonic values fan Figure 6 shows the same initial fall in recovery
levels but without the leveling off and subsequent increase seen above 10° at transonic speeds. A
direct cause of this difference in behavior i{s the larger scale and reduced pressures of the low-energy
region generated by the LEX/body juncture at supersonic speeds as compared to transouic speeds. This
effect can be seen by comparing the pitot pressure coatours of Figure 11, which are for Mach 2.0 and
10° angle of atetack, with the 1l0° angle of attack, Mach 0.9 total pressure contours of Figure 7. It
can be seen that based on the pitot pressure contours at Mach 2.0 the low-energy vegion froam the
LEX/body junction is wmore extensive and contains lower total pressures in Figure l1 than in Figure 7.
This is reflected in the inlet aperture (total pressure) distortion values presented in Figure 10,
which show a marked increase with angle of attack. The reason for this increased effect of flow froa
the LEX/body juncture is believed to be due to s loss in strength and effactiveness of the LEX vortices
at supersonic speeds: Such a loss in gtrength at supersonic speeds is characteristic of leading-edge

vortices, as is discussed in (Refereuce 7).
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The magnitude of the wake generated by the intersection of the wing leading-edge extension with
the forebody is believed to be directly related to the shaping of this region*. Hence, it is possible
that this low-pressure region could be reduced or eliminated and inlet performance improved by suit-
able design change. To estimate the relative levels of improvemeat possible, inlet recovery and
distortion levels were recomputed from inlet entrance plane data with the region affected by the wake
cremoved. These values are preseanted in Figure 10 where they are denoted as “adjested” recovery and
distortion. Significant improvemeats in recovery and distortion over the unadjusted values are rea-
lized over most of the positive angle of attack range tested. These data further highlight the import-
ance of careful LEX/forebody tategration with respect to top inlet vehicles.

The adjusted curves of Figure 10 show that there is still a reduction in recovery with increas-
ing angle of attack, even fn the absence of the low-pressure region. This is due to supersonic flow
expansion over the forebody and wings, which increases the local inlet Mach number and hence increases
shock losses- The vaciation in average local inlet Mach number with angle of attack for zero side-
slip at Mach 2.0 is presented in Figure 12. These data have been computed from total head pressure
measurements made at the inlet entrance plane and assume that the inlet shock system is purely two-
dimensional. Also shown for comparison are corresponding values derived from the data of Reference 5
and the local Mach nuamber for flow over an infinite flat plate, derived from Prandtl ~Meyer theory. The
VATOL data preseated and those of Reference 5 are in generally good agreement, and both give substan-
tially Jower local Mach numbers than would be found for a flat plate at angle of attack. Nonetheless,
the local inlet Mach number is elevated by approximately 13 percent at 15° angle of attack.
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The ilmpact of sideslip on finlet performance at Mach 2.0 is exsmined in Figure 13. These data
show trends which are similar in nature to those exhibited transonically in Figure 8. Supersonically,
leeward inlet performance improves in sideslip over wost of the positive angles of attack range (note
the dramatic improvement in distortion at 4° sideslip). This is due to the migration of the LEX/body
juncture wake out of the inlet flow field. The windward {nlet, as is shown in Pigure 13, experiences
marked deteriorations in pefformance, particularily at higher angles of attack. This performance
reduction is sttributable to the increased ingestion of low-energy flow from the LEX/body juncture and
the eventual migration of the windward LEX vortex system into the tnlet.

® Evidence supporting this contention ie given in Section 3.2.1
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FIGURE 13. EFFECT OF SIDESLIP ON SUPERSONIC INLET PERFORMANCE

3.1.3 Engine-lanlet Compatibility

Compatibility of an aircraft inlet witi. the engine is crucial since it defines the functional
limits over which the engine will operate. Indeed, for instantaneous wmaneuver, the thrust levels are
relatively unimportant and the requirement for the inlet is that it should deliver flow to the engine
at sufficiently low distortion levels to prevent engine stall. Norwmally, engine-inlet compatibility
is defined in terms of both instantaneous circumferential and radial {istortion. However, prior
studies have shown that {nstantaneous circumferential distortioa used alone serves as a good preli-
minary indicator of engine-inlet compatibility.

Utilizing the estimatec instantaneous circumferential distortion parameter defined in Section
3.1.1, Figure 14 ghows the conditions at which the estimated instantaneous distortion levels exceed a
typical engine stall-free limit over the subsonic and transonic test envelope surveyed. Also shown are
fixed-throttle maneuver envelopes characteristic of an air-to-air tactical fighter over the Mach 0.6 to
0.9 range and at Mach 1.2. It can be seen that the compatibility limit was exceeded for only three
test conditions: these were all at Mach 1.2 and well outside the corresponding maneuver envelope. A
complete assessmernt of engine-inlet cowpatibility over the entire 0.6 < M < 0.9 maneuver envelope
was not possible since the test envelope was limited to 27° angle of attack (%ee Section 2.3).
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Although no compressor face ceasurements or dynamic data were obtained at supersonic speeds,
some indication of engine-inlet compatibility can be obtained from the steady-state distortion data
measuted at the inlet entrance plane (Figure 10). Using an allowable total pressure distortion limit
of 30 percent, which is the typical compreagor face value (di’T /P_.) at which instantaneous diastortion
limits are exceeded (IDC/IDC 21)*, the “unadjusted” value‘ J&ud the compatisility hounds at a
rather aodest 4° angle of a’t’ﬂ“& However, these high distortion levels are directly related to
degraded flow from the LEX/body juncture: thus, {f this low-pressure region could be reduced or
eliminated, the “adjusted” values shown in Figure 10 indicate that the inlet would not experience any
compatibility problems over the eatire -5° to 13° acgle of attack range at zero sideslip.

3.2 1IMPACT OF KEY AIRCRAFT CONFIGURATION VARIABLES ON TOP INLET PERFORMANCE

In order to establish guidelines for the design of future fighter atrcraft incorporating top-
mounted inlet systems, the impact of several key aircraft conf!guration variables on top inlet perform-
ance was examined. A summary of the variables investigated is presented in Table 1.

TABLE 1. CONFIGURATION VARIABLES

o INLET LOCATION {FORE-MID-AFT)

o LEXPLANFORM AREA
~ BASELINE LEX
— REDUCED PLANFORM AREA LEX
- LEX-OFF

o CANOPY DORSAL INTEGHATION {CANOPY
ON-OFF)

@ VARIABLE INCIDENCE CANARDS

o LEADING AND TRAILING-EDGE FLAPS
0% ba = 30°.0° - & < 309

As described in Section 3.1, the influences of inlet location and leading-edge flap deflections
wag investigated during screening tests and found to have limited impact on inlet-performance. Subse-
quent tests evaluated the influence of trailing-edge flap deflections and also showed little or no
lmpact. This section presents results for configuration variables whizh were found to have a more
significant influence on inlet performance. These parametric evaluations were conducted with the inlet
mounted in the mid location and leading- and trailing-edge flap deflections held fixed at zero degrees.

Only inlet total pressure recovery data are presented for the comparisons which follow. Thas
parameter was selected as it serves as a good general indicator of inlet performance trends (typically
losses in recovery are accompanied by increases in inlet distortion and turbulence).

3.2.1 Canopy-Dorsal Effects

The integration of the canopy with the fuselage takes on a new importance in the case of a top
inlet aircraft since low-erergy flow shed from the canopy-dorsal region may now be ingested by the
inlet. This leads to a reduction in inlet recovery and increases the potential for engine-inlet com-
patibility problems.

The baseline VATOL configuration tested in this study highlights this problea. Since the
vehicle was ‘esigned for an air-to-air mission, a full 360° field-of -visibility was required, causing
the crew moduie to be elevated. This results in a high canopy-dorsal aft slope, which is responsible
at low angles of attack for the low-pressure region and consequent reductions in inlet performance,
which have already been pointed out in coanectiun with Figures 6 and 7.

To exaaine the effects of reducing the canopy-dorsal aft slope, a “canopy-off” block, shown in
Figure 15, was fitted in place of the baseline canopy. To limit the extent of the wmodifications, the
dorgal, which coaprises part of the center-fuselage, was retained and the canopy-off blozk faired to
it. Thus, even with the canopy-off block in place, some aft slope remains and the resultant con“igura-
tion is perhaps more indicative of a canopy-dorsal integration which wmight be employed on an Air-to-
Surface aircraft, with its reduced rearward visibility requiremeat.

The impact of re-configuring the canopy-dorsal on inlet performance can be gseen in Figure 16.
At Mach 0.%, significant f{mprovements can be seen in the recoveries at low to moderate angles of
attack. This improvement is related to two different effects. At low angles of atrack (@ < 2°)
corcesponding fl¢v field total pressure contour data confirm that there is a considerable reduction
(but not eliminition) of the wake from the canopy=-dorsal. For moderate angles of attack, the baseline
performance is degraded by the low-energy flow associated with the LFX/bodv functure (see Figure 7),
but the canopy-off block reduces the severity of the corner created by the junc:ion of the LEX with the
forebody(canopy), thus reducing or eliminating the low-pressure region. As the angle of attack is
increased to approximately 20°, the benefit of the i-;r,ved canopy integration is lost because the
increasingly powerful LEX vortices become more effective in sweeping away the LEX/body juncture
low-pressure region even from the baseline arrangement. At Mach 1.6, Figute 16 shows that inlet

® This correlation {s based on subsonic ai.d transonic inlet performance data.

1
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total pressure recovery coatinues te faprove relative to the baseline coafiguration with asgle of
attack. lodeed, comparison vith Figure 10 shows that the canopy-off results are alacet identical with
those of the “sdjusted recovery” walues obtajued for the baseline arrangemeat. This iodicates, that
the vake from the LEX/body juncture (eee Figure 11) has becn siguificantly reduced or eliminated from
the faogosted inlet flow field vie the smoother blending of the LEX and forebody which vesults fros the
use of the canopy-off block.

The vedeced effect of the low-pregsure region froa the LEX/body juncture with camopy-off block
confiras that the problems oxperienced with the baseline arrangemeat due to this flow phenomenon are
coafiguration-dependeat and can be significantly reduced or eliminated by appropriate LEX/body tategra-
tion.
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3.2.2 Wing Planfora Effects

Earlier top inlet studies (e.g. References 1 and 4) have shown the importance of the LEX vortex
systea 1n couateracting the effects of upper -fuselage flow separation. These studies have algo showm a
direct correlation between LEX vortex systew effectiveness and LEX planfora area (size) and shape. A
furtber exaaivation of the effects cof LEX planfore area variation was conducted during this study.
This was achieved by testing the model, 88 18 {llustrsted in Figure 17, with the taseline LEX, a
reduced planfora atea (alternate) LEX, and with wirg leadiag-edge extengions removed. The alternate
LSX retains the baseiine LEX shape but has a 40 percent reduction in exposed planform area.

Comparisous of inlet pressure recovery for these three wing leading-edge extemsion arrangements
at tr 1c and supersonic speeds are presented in Figure 18. 1t can be seen that the alternate LEX
perforus uearly as well as (and in some instances better than) the baseline LEX, despite a 40 percent
reduction in planform area. This result differs from the findings of Reference 1 which shows 8 direct
correlarion between improved inlet performance and increased LEX plonform area. A possible explana-
tion for this behavior is that the alternate LEX forms a more favorable junction with the body, thus
reducing the smount of low-energy flow buildup. 1u addition, this low-pressure region may de posi-
tioned further outboard om the upper-fuselage, since the iotersection of the LEX and forebody moves
ferther ont on the fuselage (see Figure 17). Thus, the consequent reduction in the exteant of the
low-prussure region entering the inlet would compensate for the reduced LEX vortex strength. Verifica-
tion of this explanation will be possible when the imlet flow field contours tecome available for the
alternate LEX configuration.
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The LEX-off results of Figure 18 show a number of interesting features. First, at Hach 0.9 the
LEX-off recoveries are lower, but oot drastically so, than the LEX-on values, except sbove about
2° of angle of attack. This 18 due to the strong wing leading-edge vortex system, geuerated by
the 50° swept wing, which is nearly as effective as the LEX vortices in controlling the upper-fuselsge
flow. However, above 20° aangle of attack, the wing is stalled and the LEX-off recoveries fall rapi'ly.
Another striking feature of Figure 13 s that at Mach 1.6 the LEX-off recovery levels continue to
decrease relative to the haseline configura®ion with angle of attack, despite the eliaination of the
low-pressure region from the LEX-body juncture. Thus, the wing vortices sust de such less effective in
coatrolling upper-fuselage separation than rhe LEX vortices at supersonic speeds. A possible explana~
tion for this i{s that, while the streagths of both vortex systems are reduced supersonically, the wving
leadlog-edge vortex system experiences a greater reduction in strength as the wing has a lower sveep
angle and heace a higher effective leading-edge normal Mach number.

At Mach 0.9 snd 4° sideslip, the LEX planform has a strong effect on the wiadw’~d inlet recovery,
8s can be seen in Figure 19, but relatively little lapsct on the leeward inlet performance, until 20°
angle of attack, when the wing without LEX stalls. At this sideslip angle, lov-energy flow froa the
LEX-body junction 1s ingested by the windward inlet but migrates outboard of the leeward iamlet, thus
explaining the resultant trends in inlet perforasnce. It should also be noted, that on the windward
side of the vehicle the boundary layer buildup from the LEX-body juncture is more severe in sideslip
while the effective leading-edge sweep angles of the windward LEX and wiag are reduced, resulting in
wesker vortices and lower inlet total pressure recoveries. 1t can be seen that at this sideslip angle
the windward vortex geanerated by the wing alone (LEX-off) becomes almost tctally ineffeccive.

As sideslip angle was increased, the larger vortex from the baseline LEX was found to enter the
windward inlet first, hence diminishing the advaatage of the baseline LEX. Thus, in the integration of
the wing plaafors with the inlet, it is critically important that the design achleve maxisua entrajn-
ment vith ainimus vortex fagestionm.
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The test model did not provide the capability of examining the effect of wing planforms varia-
tions. Homaver, an ladlrect evalualion of ULhis patemeler is possible by making use of the flow field
data of Reference 5 (AFFDL/Vought test program). These data were acquired utilizing a 35° leading-edge
swept wing wodel with a 3.8 wing aspect ratio, which £s depicted in Figure 20. Figure 21 coaparves
fnlet flow field total pressure recovesy values calculated from cthe AFFDL/Vought data with similar
values vbtained for the VATOL wodel, which has a ving leading-edge sweep of 50° and sn aspect ratio of
2.1. Data derived for the aft-survey location oa the VATOL model were used, in order to obtain the
clusust correspondence with the flow field survey location used in Referencze 5 (see Figure 20). The
w8t important point of difference detween the two curves of Figure 21 is the greater angle of attack
capabiljty exhibited by the VATOL coanfiguration: The AFFDL/Vought aodel experiences a rapid decrease
in recovery near 15° angle of attack whereas the VATOL configuration gives ocaly a moderate reductioa at
25° angle of attack. This difference is ascribed to the following: The VATOL wing has a significaantly
lower aspect ratio than the AFFDL/Vought Configuration but a similar LEX to ving planform area ratio.

Thus, at given angle of attack the adverse pressure gradient associated with the VATOL wiag is less
than that of AFFDL/Vought coafiguration. This results in increased LEX vortex system stability for the
VATOL coufiguration and, hence, increases the angle of attack at with the burst point moves ahead of
the i{nlet.
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3.2.3 The Effect cf Canards

Canatds are a configuration optisn which are employed on a ouaber of advanced fighter aircraft
concepts, therefore, it was of interest to deteraine the impact canards would have on inlet perforamsance
if integra<ed in%o a top fnlet configuration. Variable incidence canards were integrated into the
VATOL model by replacing the wing leading-edge exteasions with canards haviang e leading-edge sweep of
60° and & dihedral of 20°, see Figure 22. Although not typical o. most canard fintegrations, this
arrangement was selected 8o as to couple the canard leading-edge vortex system with the wing flow
field, thus providiag for vortex lift enhancement. In additioa, it was desired to create a strong

vortex system above the wing ta order to establish a similar sweeping action to that provided by the
wing leading-~edge extensions.



—— 2.4

,./..v,

A - 30° . I

- - A

= = ‘7

- . _ 4
INTERFAIRING= =~ = —_

(FIXED WITH RESPECT SN
YO FUSELAGE) r-2° <

N

S -

FIGURE 22. CLOSE-COUPLED VARIZBLE
INCIDENCE CANARDS

Figure 23 coapares inlet total pressure recovery characteristics for the canard and baseline
configurations at MNach 0.9 and 1.6. Curves are oanly shown fur the undeflected cacard coandition
(8 c = 0°). At Mach 1.6, a zero degree canard deflection approximates the angle required for tria;
but at Mach 0.9, where the aircraft has s negative static margin, quite large negative deflections are
required for tria. Imnlet recovery levels which would de obtained if the canards were scheduled are
shown in Figure 23 for the Much 0.9 condition at three different angles of attack.
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The Mach 0.9 data, shown in Figure 23, indicate that the canards are not effective, over the 0°
to 10° angle of attack range, in controlling the upper-fuselage flow field, but at higher angles of
atetack, the vortex from the fizxed canard improves inlet recovery, yielding values higher than those
obtained with the baseline configuretion. However, the scheduled canard at 22° angle of attack ( ¢
= -25°) experiences r large loss in inlet performance, down to the level of the plain wing (coupars
Figure 18). At Mach 1.6, the canatd vortices increase inlet recovery above the wing alone (LEX-off)
levels but are oot as eff.ctive fn improving fnlet performance as the baseline LEX vortices.

3.3 COMPARISON WITH MORE CONVENT IOMAL INLE. INSTALLATIONS

1n order to set the tesults from the VATOL ialet/airframe wodel into the context of practical
aircraft systems, VATOL top inlet performance {recovery) data have been coapared with typical perfora-
ance data for fighter aircraft eaploying more conveational inlet installations. The aircraft utilized
tn these comparisons are the YF-16 (Reference 8), which has a fuselage-shielded inlet systeam, North-
rop's YP-17 prototype (wing-shielded i{nlet). and an advarced Northrop fighter cenfiguration with
side-mounted, two-disensional exteraal compreasion inlets with fixed, vertical raamps.

Figure 24 presents compsrative results at Mach numbers f C.9, 1.6 and 2.0. The results reflect
differences in inlet design and aission requirements and do not allow a precise determination of the
relative merits of the different integration options. They do, however, show the following: The VATOL
inlet provides recoveries at lcast comparable to those of the other aircraft over the cruise range of
angles of atiack (0" <@< 3%). At the transonic operating coandition shown, the top Inlet performance
levels are competitive ocut to at least 25° angle of attack. Supersonically, top inlet performance
deterisrates with angle of attack, primarily due to f{ncreases in local inlet Mach nuater (high shock
systea losses). In contrast, the perforaance of the fuselage- and wing-shielded inlets laproves with



angle of attack because of the precompression provided by the forebody and/or wings. Supersonic angle
of attack capabiiiry for fighter aircraft is typically limited to less than 15° angle of attack at Mach
1.6 and to approximately 10° at Mach 2.0, based on load factor constraints. Figure 24 shows that the
top-mounted iamlet at these angle of attack counditions gives "adjusted” recoveries which are distinctly,
but not drastically, lower than those of the other ialet installations.

1t is perhaps apropos to coament that the VATOL inlet systea has not undergone the sany hours of
developasutsl testing that each of the other {nlet systeas presented in Figure 24 has, thus, the
performance of the VATOL inlet system could amost likely be improved through similar ievelopuent
efforts.
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4.0 CONCLUSIONS

The study described in this paper has jenerated extensive data on top-fanlet flow field and
engine-inlet performance characteristics at subsoalc, transcnic, and supersonic speeds. From an
inftial assessment of the data the following counclusions can be drawnm.

e The VATOL top-inlet counfiguration maintains relatively good sudsonic and transonic finlet
performance characteristics at zero sideslip over the entire -3° to 27° angle of attack
range tested. In sideslip top inlot pecformance in general deteriorates, but a preliaminary
assessaent of eungine-imlet coapatibility shows ©o apparent problecs over the subsonic and
transonic (0.6 < Ro <_ 1.2) test envelope.

e For the .onfiguration tested, ingestion of low-energy flow from the LEX/body juncture serves
as a major contributor to inlet performsnce losses. This highlights the faportance of
attention to detail when integrating the LEX fato the forebody, especially duri-.g the preli-
ainary desigo process.

o Top inlet perforuance is sensitive to canopy-dorsal integration and the location and strength
of the wing leading-edge exteansion (LEX) vortices.

¢ The sweeping action of the w.ag leading-edge extension (LEX) vortices can significently
enhance top inlet performance characteristics at angle of attack. In addition, availabdle
dsta {ndicate that the effectiveness of these¢ vortices can be extended to higher angles of
attack by employing wing planforams with low adverss pressure gradient, which delay the onset
of LEX vortex burst.

o Supersonically, top-mounted inlet systems experience sn inheremnt increase fa local ialet hach
nusber at angle of attack. This undesi.able characteristic reduces lalet perforasnce snd
asy prohibit application of this concept to vehicles which require a high-degree of super-
sonic msaneuverability. ‘lowever, the prospects of creating designs with subsonic and tran-
onic maneuver capabilities appear proaising.

The foregoing conclusions demonstrate the highiy coufigurational ~dependent nature of top-mounted
inlet systems. This indicates that asjor components of the sirframe design must be evolved interac-
tively with the inlet systeas not only in the preliainary design process, as is coaventional, but slso
during the inlet/airfrsme developaent testing phase. The parametric studies reported on in this paper
together with previous work (References 1-5) will, however, provide valuable design guidance for
fighter airccaft incorporating top-sounted inlet systems.
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