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ABSTRACT

An extensive experimental investigation to study the effects of angle of aft@@§ 6n the performance of a
body-integrated supersonic inlet has been carried out. The present inlet, known as Diverterless Supersonic Inlet
(DS]), is utilized with a threglimensional bump to provide both supersonic flow compression and boundary
layer diversion. Experiments were conducted at the presence of a typidabfiyrancluding an elliptical nose

to further contemplate the effects of fdyvedy geometry on the approachifiow. All tests were conducted at

a constant free stream Mach numlier, p& wero degrees angle of sidesli®d9, and at various angles

of attack AOA) ranging from-2 to 6 degreesThe results showed that the present DSI had acceptable
performance céracteristics for all ranges 8lOAtested It should be noted that the present DSI does not have

any moving, adjustable or auxiliary mechanisms as such systems or mechanism are used to improve the
performance of an inlet.

Keywords: Supersonic flay, Diverterless inlet, Bump, Angle of attack, Boundary layer control

NOMENCLATURE

AIP Aerodynamidnterface Plane Re Reynoldsnumber
AOA  Angleof Attack RCS RadarCross Section
AOS  Angleof Sideslip SOL Shockon Lip
D diameter SBLI ShockBoundary Layer Interaction
DC distortion coefficient TPR Total Pressure Recovery
DSl Diverterless Supersonic Inlet X axial position
ECL Externalcenterline X x-coordinate
ICL Internal centerline y y-coordinate
IBAR InletBlocked Area Ratio z z-coordinate
IEAR Inlet Exit Area Ratio
L length Subscripts
LN Left Nose i in
LB Left Bump o] out
LC Left Cowl lip S static
LM Left Main duct p plug
MFR  MassFlow Rate t total
M Machnumber L rakeangle
P pressure b infinity or free stream
r radius

1. INTRODUCTION of attack, etc. A supersonic inlet as the first

component of the propulsion system, should be
A supersonic fighter equipped with jet engine should d€signed to provide the required air flow with an
be capable of flying effectively for a wide range of acceptable level of energy (highessure recovery)
its flight envelope i.e.: Mach number, altitudes, angle @nd quality (low distortion) and of course, it has to
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a) AY-shapednltake geometry b) Location ofY-shapedntake in a
typical fighter
Fig. A Y-shaped geometry and its installation location in a typical fighter aircraft

have minimum drag to@attingly and Von Ohain  Depending upon the type of inlet, in practice,
2006 Soltani and Sepahfounsi 2013. Single different forms of variable geometries are
engine supersonic f i g himplemérged topninimigeutie spillaga flow.sFgra 2De m
generally consists of twin intake ducts which are or a ramped externalompression inlet, a hinged
known asY-shapedintakes. This type of intake is wedge is used to control the angles of the
used in various fighterslsometric view of aY- compression system aiglusually considered to be
shapedntake is shown irFig. 1(a). In addition, its  the most appropriate forrfBeddon and Goldsmith
locationis illustratedin aschematiwiew of afighter 1999. However, the variable geometry, itesign,
aircraft in Fig. 1b). and construction requirements have significant
complexity. In addition to the design, manufacturing,
and maintenance costs, these systems have other
disadvantages too.

Supersonic inlets are designed antkgratedwith
aircraft in various configurations and classifications
such as supersonic flow compression region, flow
dimensions and installation position, e{&eddon In the past decades, the bumped inlet or Diverterless
and Goldsmith 1999Soltani, Daliri, and Younsi  Supersonic Inlets (DSI) hav at t r act ed
2016. Depending on the maximum flight velocity of attention and are now used in the new generations of
the aircraft, a special level of supersonic flow fighter aircraft because of its fixed geometry, low
compression would be implemented. Furthermore,weight and no additional system or variable
the designs and construction of supersonic inletsstructure. It should be noted that for a fighter aircraft,
become highly complicated ash e v e hi c | ehiere enlyliees are locataukide the fuselage, the
number is increased. For high speed flodvs,0 2 inlets are inevitably integrated with the body due to
the required compression is achieved through multi aerodynamic and weight requirements to name a
stage manner (double and multiple ramps or conesfew. For such inlets, the incoming boundary layer,
which has been proved to have a better performancdormed on the aircraft forbody, will deteriorate the
criterion in comparison with a gite-stage one inlet performance sigridantly. Therefore, to
(Askari and Soltan2018 Seddon and Goldsmith prevent this situation, various methods and devices
1999. such as a diverter, splitter plate, passive or active

Th binatiorof obli | shock bleed control mechanism, etc. (or a combination of
€ combinatiorot obliqué or normal SNOCK Waves  yhage  methods) have been developed and

formed on the compression surface, known_ as thelmplemented alongside these typesirdéts. Fig. 2
shock system, provides external supersonic flow

; ; ; . shows a few of these design varieties. Diverterless
compression. The inlets are designed in such a WaySupersonic Inlets, DSI, utiize a fixed bump
th"’.‘t Whﬁn operating [Ijr‘] thﬁ prkoxmlty O_f th_elr design geometry to produce supersonic flow compression
po!nt, the corresponag Shock waves Impinge at @ and further to prevent the incoming boundary layer
point on the cowl lip, called impingement point. This

A . to enter the inlet or at least reduce itsckhiess
condition is known as the Shock on Lip (SOL) and significantly (Hamstraet al, 1998 Hamstra and

prc_Jvides maximum _inlet mass flow with a minim_u_m Sylvester 1998 Seddon and Goldsmitti999.
spillage drag and is used to calculate the critical

operating condition of arexternal compression Simon et al. (1957) conducted wind tunnel
supersonic inlet. However, as stated, an aircraftexperiments on a body integrated external ramped or
encounters various flight conditions where the bumped type inlets incorporating various types of the
impingement point might be located away from the boundary layer bleed and the bypass duct. They
cowl lip. In such situations, variable structures are studied an external bumped inlet in a direct
usually utilized to adjust the iel geometry in order comparison with a traditional twdimensional

to recover the aforementioned SOL condition. compression ramp and reported a better satisfactory
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)

Diverter

c¢) Inlet bleed system d) Bumped inlet (DS
Fig. 2 Different methods implemented for boundary layer removing from inlet entrance.

operational stability over the range of Mach numbers Masud et al. (2011) numerically investigated

tested,0 =1.52.05, for the bumped type inlet. performance of a DSI integrated with an aircraft

Although they used bumped inlet configuration to typed body at low angles of attack, for both subsonic

compress supersonic airflow, they applied a bypassand supersonic Mach numbers of 0.8 and 1.65

duct in combination with the bump to remove the respectively. In addition, they iestigated flow field

boundary laye(Simon, Brown, and Huff 1957The and performance characteristics for the same model

bump concept is discussed by J. Seddon and E. Lbut equipped with a passive bleed system in the
Goldsmith(Seddon and Goldsmith 1988 s i a r \acinity efdhe designed mass flow rate of the intake
compression surfaceo. Tahe tbenceprne acfondihtei oSI. Howeve
system was first presented by Hmastral.in 1998 knowledge, they have not reportady data or their

(Hamstra and Sylvestet998. They introduced and  simulation results about the effects of angle of attack
patented a DSI system i onctheuirdet pedormancd ygMasyw candtAkrant wa s

utilized with an isentropic compression surface. 2011J).

They claimed that this system, which did not
accommodate any moving part would reduce the
complexity of the inlet system; such as boundary
layer diverter, splitter plate, boundary layer bleed
system or an overboatypass system{Hamstraet

al., 1998 Hamstra and Sylvester 1908illotson et

al. (2009) experimentally investigated supersonic
flow field surrounding a bump compression surface
geometry (without cowl lip) and compared their
results with a wedge one at a free stream Macl
number ofd =3. Their detailed study included the
flow field surrounding the bump exclusively
(Tillotson et al, 2009.

As it is concluded from the above short reviewhef
literature, almost allof the previoudy published
informationhas mainly focused on the advantages of
the bumped inlets as a compression surface and (or)
boundary layer remover devices. Although all of
those researches are extremely useful in
understanding the advantages or disadvantages of the
bumped inlets, howevge there has not been a
hcomprehensive understanding abthg supersonic
flow over a DSI and the subsequent subsonic flow
through its diffuser. Furthermore, the effects of other
parametes such as nose shap®selength,various
diffuser design parametershe number of inlet
Kim et al. (2007) numerically studied a three angles of attack, etc. on the flow field of body
dimensional bumped type inlet which was a integrated inlethave not beerinvestigated yetlt is,
modification of a conventional ramped type one therefore useful to extend our understanding of DSI
previously used by.oth et al. (2004) Please note that includes at least a few of the aforementioned
that the present authors simulated this inlet three parameters. For thisuppose, a comprehensive wind
dimensionally and investigated its shock boundary tunnel tests on a twin intake, body integrated DSI
layer interactior(Askaii and Soltani2018. Kim et model has been carried out angaatof the results
al. further, studied the performance of supersonic will be presented in this paper. In this regards the
inlets incorporating various threfmensional  present authors, experimentally investigated the
bumps numericallyKim and Song 2008. Their performance of a body integrated DSI at its critical,
simulations included edtts of the geometrical subcritical and supercritical operating conditions at a
features of the bump to control the interaction of free stream Mach number 6f P& u(Soltani
shock wave and boundary layer at a free streamand Askari 201§ The results showed that the bump
Mach number ob =2 (Kim, Song, and Lim2007 geometry used in the current design of DSI has an
Kim and Song2008 Kim, 2009. acceptable performance ithe supersonic flow
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compressionawell as thdoundary layer diversion. zero AOA is measured with sensitive pressure
In addtion, the existing DSI has a relatively wide transducers. Moreover, several pressure
range of stability in its subcritical operating transducers are placed at the engine,fanewn
conditions and has acceptable performance as Aerodynamic Interface Planel, to measure
characteristicduring its operation in botubcritical thetotal pressure at this section for calculation of
and supercriticatases the inlet performance parameters. A brief
description othe experimental setup, wind tunnel

It is, therefore, thentent of the ongoing study to tests implementation and results are presented in

inyestigate the performance of a body integratedthe following sections. Foa detailed desdption
Diverterless Supersonic Inlet at different angles of f the facility pleases seSoltani and Askari
attacks and at a constant free stream Mach number 0?2019)

0 p® v There are several studies on the effects
of AOA on various typesof both subsonic and
supersonic inlets.Krone and Friedrichs(2014)
studied the inlet distortion sources and reported that
during the maneuvering conditions significant ~ 1.1. Wind Tunnel

transitory instabilities could occur if the angles of The sunersoni ind_ tunnel d in thes
attack deviate [rom (hle WSS o lnt Bl B o0t e s o
condition(Krone and Friedrichs 2014Kevin et al P | F; oriThi yp |

(1997) reported a fundamental investigatiohtoe rectangulaB0 x 60 cm- test sectionThis tunnel can

. ._operate continuously for ranges fach numbers,
effects of high angles of attack on the aerodynamic . ~0.4 2.5, with no limitation on the running time

characteristics of an F£A8A aircraft. They reported ; . -
that as thé\OAwas increased, the trend of loss in the (Sqltanl, Farahgmand Kaji 201} The tunnel was
calibrated for different free streaMach numbers.

inlet recovery was similar to the trend of higher : . ;
levels of turbulencgWalshet al, 1997). Sahaet al Various flow .parameters, such as flow ”.”'fo”“'ty'
(2007) numerically investigated the effects DA ?g;ssrl%u';:gy' foirrl?j ttcL)jrtl;lélevr\]/iiliinmttr?gszlatgcewtee:;e
on a twin inlet ductY-shapedntake). Their results range for this type of wind tunneBoltani ar?d
showed an increase in the flow roniformity based rgh ni 201 Tﬁp turbulence intensity in the test
on the total pressure distortion at the exit plane as thész :cﬁoﬁ was )rgepoftelcji tcl)J ?/a(rjj fro?n 50)21% toe 192'%
angle of attack was varied. In addition, they reported (Soltani and Farahani 202The free stream Mach

a shift in the highvelocity core vortices towards the number is attained by a variable nozzletigha jet
bottom wall as the angle of attack was increased. . Y3 1aj
engine located obhoth sides of the second diffuser.

(Saha, Singh, and Seshadri 2p07 At the DSI designed Mach numbds, =1.65,
Namkounget al (2012) numerically investigated maximum flow agularity in the test section was
the effects ofAOA on a supersonic axisymmetric measured anfibund to beabout 0.5deg.

intake. Theyrepored that by increasing th&@OA
from 3° to 10°, distortion increased up to 30%
which is believed to be due to the axisymmetric
(or threedimensional) shock structures affected
by the AOA variation (Namkounget al, 2012).
Trefiny et al (2014) experimentally investigated
the effects of angle of attack on a supersonic
ramped inlet equipped with an elliptical cowl and
reported an abrupt decreasebinth total pressure
recovery and mass flow rat{@refny et al, 2014).
Soltani and Farahan{2012) investigated the
effects of angle of attack on the performance an
stability margin of an axisymmetric supersonic
intake (Soltani and Farahani 20)1L2As noted,
there is limited data on the effects of angle of
attack on the DSI inletgherefore,in the present
investigation, the effects of angle of attack on the
performance of ®iverterless 8personidnletare
investigated. The model is equipped with a Y
shapedntake which includes two inlets integrated
with the body at its both sides. The flow after
passing through these inlets is mixdxfore

1. EXPERIMENTAL SETUP

There are porous bleed holes on the upper and lower
walls of the test section that can stabilize and control
wind tunnel shock and other reflected waves as well
as controlling theboundary layer thickness. Side
wall windows of the test section makepbssible to
observe the flow and shock pattern by means of
Schlieren or Shadowgraph visualization systems
(Soltani, Younsi, and Farahani 2Q1Soltani and
SepahiYounsi 2019. The current wind tunnel tests
were conducted for variouBOA at a free stream
dMach numbepfd =1.65. A schematic view of the
AOA mechanism is shown ikig. 3. All tegs are
conducted at zero degrees amyfisideslip.

Model/ Mechanism
Installation Position
(Strut)

. . . . 60 X 60 cm? Positive
reaching the engine fac€he inlet performance is 404
investigated at a frestream Mach numberof Wind Tunnel _

0 p&® wand atvarious angles of attaalanging Test Section Negattve

from -2 to 6 degrees. The angle of sideslip is set to
zero degreefor all test presented in this paper. To
investigate the inlet performance characteristics,
the static pressure distribution along the centerline
of inlets and model forébody, which undoubtedly
affects the inlet performance especially for non Fig. 3. Schematic view of theAOA mechanism.

2020



R. Askariet al./ JAFM, Vol. 12, No. 6, pp2017%203Q 2019.

Cowl Lip

A0OA Mechanism

- —|—> Elliptical Nose

Fig. 4. Three views of the model installed in the test section.

1.2. Model Soltani and Askari (2019)

Figure 4 shows three views of the twin inlet wind 1.3, PressureSensors andT heir Locations
tunnel modelised in the present experiments which

areinstalled on the @ype AOA mechanism inside The data for all pressure ports were collected
the test section. It is a threémensional supersonic ~ Simultaneously. To calculate the infeerformance
external compression i nlPAameters\R, APRaRd APpdistarior)dtead | et o
or fADiverter | esAl teStspeeer sBeasurements,wyegetcgnsidered and data for all
performed in the presence of a typical aircraft fore Sensors were acquired for 5 secantvo types of
body comprising of an elliptical nos® closely ~ Pressure transducers, low and high frequency, were
simulate the effects of upsam flow and the Used in the present experiments. Both sensors wer
corresponding boundary layer growth fixed three ~ Of differentiattype pressure transduce(Sepahi
dimensional bump geometry is used for both Younsiand Soltani 20)5Total of fifty-six pressure
boundary layer diversion and external supersoniciransducers s used for measuring the static
flow compressionThe model was installed at the Pressure along the model and inlet (44 ses)sand
centerof the wind tunnel test section in suaglway  total pressure at the AIP rake (12 segsas shown
that it could be rotated along theaxis for possible N Fig. 6. The sensors were numbered based on their
flow visualization in the regions of inlet compression locations on each component of the model. The
surface wherethe shock system forms during lettersiNQiBo LO@ i Mo,  addenoté [efR
supersonic tests. Nose, Left Bump, Left Cowl, Left Main and Total
Rakepressure, respectively. Red and black numbers
represent high and lofvequency pressure
transducers, respectively, Fig. 6. The details of
sensor types, positionand uncertainties of the
pressure transducers are presentedsaftani and
Askari (2019) An isometric view of the locations of
sensors on the wind tunnel model is illustrated in Fig.
7.

For the Total rake (or AIP rake), denotedibyl (R,
twelve pressure transducerenused to measure the
total pressure distributio and its variation with
different conditions at the AIP. In addition, four
pressure transducergrelocated at the AIP position
A (LRS, RRS, URSand DRS) to measure the mean
Fig. 5. Mass flow rate control mechanism. value of the static pressuat this station, see Fig. 6.
Moreover, the total pesure measurements via the

The total blockage ratio (whidk defined as the ratio ;peually designed rakeere used o calculate the

of the projected model cross section area to the wint{lﬂlet perfqrmar_]ce parametedFR, TPRas well as
) e AIP distortion.

tunnel test section) at both zero degrees angles o

attack and zero degrees sideslip angle wasR8  The intake performance is investigated using-non

the maximum value ohOA 6°, the blockage ratio dimensional static pressure (or pressure ratio)

was 0.5%. The inlet magow rate was controlled distribution along the inlet in the streamise

via movement of a conical plug located at the end ofdirection. Two colored lines are considered as the

the model and was able to move along the inletbaselines for this investigation, a red line that passes

cener-body by a small D@notor and a ball screw, from the left nose and the bump surface, called

Fig. 5. All results presented in the current study areinternal centerline (ICL), and an orange line which

for the design mass flowoadition, known as the passes from the left cowl, called external centerline

critical condition, detailed of whichis given in (ECL) in this paper, Fig. 6.
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LCO1
LNI3 I LCos LMO1
LMO7
LNO1
LRS
URS
DRS
RRS

-~

v

L

L e

Fig. 7. Isometric view of sensor locations on the wind tunnel model

Inlet Blocked Area Inlet Exit Area

xz - plane yz - plane

Fig. 8. Schematic plans of intake exit area and plug.

In addition, distribution of the nedimensional total  upis not able to show images of the shock system.
pressure (total pressure ratio) at the inlet AIP station
is used to analyze the most important performance
parameters. The total AIP mufirobe rake The effects oAOAoN DSI performancarethe main
accommodates twelve total pressure probes and wagyrpose of the current study. Therefore, all tests
located at the model AIR) 0 T8oc The rake  presented here are performed at the design mass flow
could be rotated along theaxis at two different  rate condition and at eonstantfree stream Mach
angles of zero and 90 degrees to acquire totalyymber of O p® u. For this purpose, five
pressure at this station in batlandzlocations. The  yifferent AOA (-2, 0, 2, 4, and 6 degrees) are
AP total pressure distribution for the design considered for these tests. Positive and negative
conditionsof 0 =1.65,A0A=0, andIBAR=0.35is gjrectiors of AOAvariatiors are illustratedn Fig. 3.
presented irBoltani and Askari (2019long with &  The Inlet Blocked Area RatidQd O deined as the
detailed explanation. The total pressure data are useghiio of the exit duct area blocked by the plug to the
to calculate the inlet performance parameters such agyig) exit area of the duct, is defined in the following
TPR MFR, etc. equation, Eq. (1). WhelBARis 100%, it means that

: P the exit area of the intake is completely closed and
L.4. Flow Visualization System when it is 0%, it means thathe exit area is
A Schlieren flow visualization system was used in all completely opened. In additipanotheparameter is
teststo visualize the external shock system that defined as the Inlet Exit Area RatitEQAR) which
forms in front of the inletand the images were determines the value of mass flow passed through the
recorded at the same frequency that the data of thénlet for each plug condition, Eq. (2). Figug&
pressure transducers were cdéet A detailed illustratesthe schematic plan fothese definitions.
descriptionof this system is presented$oltaniand  This paramir has a behavigimilar to the mass
Askari (2019) However, when the model is set to an flow ratio parameter. By definition, fahe critical
AOAgreaterthan zero, the present visualizatiest condition 06 6 "Yi&® tand’ 000 Y@ v

1.5. TestProcedure
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IBAR = Apyyg / Ait €)) r ,
L e — .=
IEAR=1 -IBAR @ F e ar-o0.5, b1
“»«\E‘ PP, u/"f;“w‘mruuu LBIS
f e P/P.. at Testsection _ \io0 ch
2. RESULTS AND DISCUSSIONS i LO0Se f/ . L
& o6 CLool o7 . LM07J RS
2.1.  Effects of Angle of Attack on the gg
Static PressureDistribution al
The distribution of the static pressure raL{ioLT, , g
on the internal centerline, ICL, and on the external n: L | 1 1
centerline, ECL, of the model at zero degra&A ! ¥ g o
are presented in Fi§. Both static and total pressure Fig. 9. Static pressure ratio distribution
values of the wind tunnel test sectiomor along the ICL and ECL at the critical
dimensionalizedby the free stream total pressure, condition, AOA=0°.

0 , are also plotted in the same figukeSchlieren
image of the shockaveformation is shown in Fig.
10 where it clearly illustrates the shock system as
well as the boundary layer thickness in the proximity
of the inlet compression surfaceAs is expected
similar shock system are formed on both inlet
supersonicompression surfacefig. 10 Theflow
pressure ratio decreases passing over the nose il IBAR=0.35
component, LNOAN13, then increases passing thru
theshocksystem, LN13LB06. A slight decrease in
flow pressure ratio is seen at the throat location and
it increases again till exit thielet diffuser, see i.

9. Detailed descriptionof the variation ofY o ) ) . . )
. ) Fig. 10. Schlieren image of inlet model at its
along both ICL, ECL, and thgchlieren images for critical operating condition, AOA=0°.

this  condition, 0 p®H v, AOA=C°, and

IBAR=0.35, is given inSoltani and Askari (2019)

Figure 1 shows the measured static pressure ratio M= 165 _ ommmse
distribution along both ICL and ECL for various e s M =
angles of attack. Howevesince the effects of angle

of attack on the pressure distribution along various 03 P
parts of the model cannot be clearly seen from Fig. |~ o 2
11, pressure ratio values for several locations along e L ]
ICL that includeshe nose, body, bumpand ECL, P
which includesthe cowl andthe main diffuser is [+ ICLAOA=4
shown in Fig. 2a-l. FormFig. 12(a), it is seen that o
the pressure sensed by the first transducer located at §_ T B dods e
Gf0=3.8%, increases as teA s increasedThis 04
variation is due to the changes in thigockwave

strength formed at the nose and cross flow I
components over the nose and the body. As the angle 02}
of attack is increased (positivkOA), shockwave

strengthover the lower portion of the body increases b & o L -
while its strength ovethe upper surface decreases (/L) %

until at a certain angle of attackn expansion wave  Fig. 11. Static pressure ratio distribution on the
forms over thdeeward section of the bodgorthe ICL and ECL for various degrees of AOA at
negative angles of attack, the situation is reversed, I =165.

i.e., the shock strength on the lower surface decreases

while that of the upper surfaceindward portion,  From ¢0 =45% till 60 =49%, Fig 12-f show
increases In addition, for the positive angleof  pressure variation with angleof attack in the
attack the crosslow component of the velocity vicinity of the bump,and approximately midway
behind the shock wave moves from the lower sierfa  gver the bump surface respectively. From these
of the body to the upper surface and weesa for  figures it is clearly seen that varying angtef attack

the negative angles of attacks. At the end of the nosego ot influence the pressure ratsignificantly. In
of=19% Fig. 12b), the static pressure does not other words, there are no significant variasionthe
vary significantly with angle of attack as it is  pressure distributiv on the compression surface as
expected. AU =37% farther from the nose, the the AOAincreases or decreases, in congariwith
pressure ratio variation witthe angle of attack is  the pressure variations seen other components.
seen to be similar to that@ll =3.8%, however, the Figure 13%f) clearly shows that the pressure

magnitudes differ significant|yrig. 14c). distributiors on the bump centerlinkehave almost
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LM, =1.65 _—

— : 074 e f’“\‘\\\:ir-—;ﬂ

0.68 | =
072+ /

0.66 -

0.7

N & 07fF
a W
0.64
0.68
0.62 [
- 0.66 -
R W B
AOA(degree) AOA(degree)
g) LB10,x/L = 57% (Left hand side limb of the h) LB15,x/L = 77% (end of the left limb, flov
inlet diffuser) attachment location)
0.0
M.=1.65 - »T'gﬁ:\ ==
P s | T =
0.58 0.68
0.56 - G\S\\ \Q—/ 0.66 _
< L |
LS a L
0.54 0.64
0521 062 O\S\e//
e B T e m % TP [
AOA(degree) AOA(degree)
i) LCO1,x/L = 48% (Cowl lip) j)  LCO05,x/L = 56% (Cowl)
0.7
M.=1.65
I s
P = o il i fia. i o sy 5 1
0.68
0.72
0.66 -
& S
A A
0.64 | |
&\6\//@ 0.68 -
0.62
0.66
o} e
AOA(degree) AQA(degree)
k) LMO1, x/L = 59% (Main duct) ) LMO07,x/L = 87% (Main duct)
Fig. 12. Effect ofAOA on the various components of the model-f IBAR=0.35,1 8

symmetrically with respect to increasing or experiences free stream supersonic flow which has
decreasing th&OA However, it is seen thdhe encountered the body curvature aackcelerates
variations forthe negative angles of attack are toward the bump compression surface. As a result,
higher than those dhe positive angls, Fig. 1Zf). from observing thestatic pressure distribution at
The authors believe that this is due toe the bump centerlineit seemsthat the bump
installation ofthe bump in the ventral positions configuration does not significantly disturb the
related to the body in the present irbedy flow field at least at the centerline duridOA
integrated configuration. In such a situation, the variations as it occurred for other parts of the body,
bump surface, especially in its lower half, of0 =3.8% anddaf0 =37%. In other words, the
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bump geometrghiftsthe value of pressure aifd

03Q 2019.

Therefore; the total pressure distribution at the inlet

=45% to a specific value almost equal to the bumpAIP are plotted forthe different angls of attacks

compression ratio and delivers it to the inlet
diffuser,aifd =49%. Figure 1@) shows pressure
variations with angleof attack for a sensor located
at o0 =057, diffuser part of the inletis seen from

using both horizontal and vertical total pressure
distributions measured at this station via the AIP
multi-probes rake. The data are presented in Fig.
14a-e. The circle on the topf Fig. 14, is shown to

Fig. 6. This figure shows that as the angle of attackclarify the AIP right, left, up and down stans
increases from zero to two degrees, a slightmentioned in this figureThe low energy flow

reduction in the pressure ratioagaired, however

by further increasing the angle of attack, pressure(corresponding to lower values S

ratio increases. Furthermore, the pree
variations shown for this part of thelet areseen
to berelatively invariant with angle of attack.

Finally, for the sensor located a0 =77%, Fig
12(h) end of the inlediffuser limh, the pressure ratio
increases as the anglef attack s increasedStatic
variations of the pressei ratio along the cowl, Fig.
12i-j, and along theleft main duct, Fig 1R-l, are
similar to the variations seen for the burapd
diffuser limh Fig. 1Z-h. Overall, it is apparent that
the main source of pressw@riatiorsalong different
components of the model, body, inl&iP, etc., is
the variations ofthe oblique shocktrength formed
at the nose tip.

Figure 12b shows the relative comparisons of the
variations ofpressure along both ICL, Fig (&3, and
ECL, Fig. 13(b), with angle of attack to the clean
componentand are shown foo#0  40%. The
relative variaibn in percentage is defined as:

dp. 6 &4 @ b
Deltazz=- =2—
ap 0 ®R® O
¢l * ¢ '@ anoa
OP 6 6
-eS5g 0%
an, 9

o~

o

(0]
“at zero AOA~

Figure 13a) indicates that up taf0 T8 ( Pdelta
pressure ratio variations along ICL is not well
defined, however, beyond this point this figure
shows that athe angle of attacks increasd delta
pressure ratio variation is well definelllinimum
delta pressure ratio for all angles of attackumcc
aroundaf ™ w kwhich is located inside the
inlet, beyond the throatThe delta ttic pressure
beyondthis point 60 1@ w pvaries significantly
with angles of attack and seems to reach a steady
value aroundaf0 18 W P A similar trend is
observedn Fig. 13b), which shows delta pressure
ratio variations along ECL with angleof attack.
However, this figure shows that the maximum value
of the delta pressure ratio along ECL occurs around
o0 T v bfor all angles of attackBeyond,
o0 T v pit is seen that delta pressure ratio for
all angles of attack decrases toward zero values,
Fig. 13b).

2.2.
of DSI

To investigate the effect @OAon the performance
of the present DSlhe relativeparameters such as
mass flow rate, total pressure recovery and AIP flow
distortion were calculated. All of these variables
need integration of the total pressure at the inlet AIP.

Effects of AOA on the Performance

distribution is shown witQ blue regions
5

g ) while the
higher energy flow is shown vyith yellow color
(corresponding to higher values L%)fg ). As it is

evident the distributios are relatively seen to be
symmetric for the left and right sections of the AIP
flow distributions at zero degrees angle of attack,
Fig. 14-b.

A0A
- AOA=
1041
104
104

'

Delta(P /P, )%

v
5 —v
) o ¥ p —¢ :
3 *o 1‘ S
0 - \— =~
b‘!/‘ o dreme \ ¥ .
:F ¥ AT T
= 1 3
4F
1 1 1
40 50 60 70 80
(x/L) %
a) ICL
14F
=} 10A= -2
12 10A=0
L s AOA= 2
10 < {04~ 4
——— A0A= 6
s 3F
D
:\? 6
s 4F
=
] 7
Q 2 g =
“F = o A S X
PR, ——a T8
F  aeggars_
2F ﬂ\"'c' —a—5"a
4
E 1 1 1 1 1
40 50 60 70 80 90 100
(/L)%

Fig. 13. Relative comparison of pressure
variation along the model,IBAR=0.35.

There existhigher total pressure distributiomear
the lower portion of the AIP in comparison with its
upper portion forAOA= -2 to 2 degrees, Fig4a &

c. In other words, the internal core flow is located in
the lower half of AIP. FOAOA=6 degree, however,

it is clearly seen that the internal core flow has
shifted toward the upper half, AIP up, of the inlet,
Fig. 14(e).
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Fig. 15. The DSI mass flow rate versu8OA
variation, IBAR=0.35.

Figure B shows the mass flow ratio variat®as
the AOA is increased from2 to 6 degrees. It is

Fig. 14. Total pressure distribution at the engine face (AIP)
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remains relatively aestant for angle of attacks
examined here. At al\OA=6°, TPR is seen to
improve about 0.8% in comparison with thatlod
zerodegrees angle of attadase The variatios
of distortion coefficient,DC, versus AOA are
shown in Fig. Z. The DC at the engia face
position of the pesent DSI remains below 0.0&
all angles of attack It seems that the symmetrical
shape of the bump compression surfasedin
this DSI configuration causes the inlet flow quality
demonstrated byhe total pressure recovergnd
distortion coefficient to remain relatively invariant
with angles of attack awerified by the measured
experimental data.

Figure 18 shows the DSI performance curve at the
zerodegrees angle of attackoltani and Askari
(2019) as well as its variatio at different angles
of attack for the samdéBAR IBAR=0.35. It is
clearly seen that as théOA increases or
decreases, the DSI performance point varies
slightly from the designed performance curve

seen that the mass flow rate slightly decreasesshown by the dastotted line in Fig. 18. This
when theAOAIs increased. However, it seems that indicatesthat for these ranges of angles of attack,
these variations are not significant for the rangesthe present intake will not encounter flow

of AOAtested in this study. At the worst condition, instability or significant flow distortions. From the
AOA=6°, themass flow rate varies about 5% with measured data, it is deduced that for the positive
respect tdts value for the zeralegrees angle of AOAthe DSI performance point in tidFR-TPR
attack case. Figure6lshows the total pressure graph moves
recovery TPR variatiors for the present DSI as conditions, while for the negativAOA it shifts
the AOA s varied. Again, it is apparent thaPR toward the supercritical case.
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