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ARTICLE INFORMATION ABSTRACT

Integration of airframe and propulsion system is one of the most challenging steps in flight vehicle
design cycles. In this paper, a three-dimensional supersonic inlet based on the wave-derived geometry
technique has been designed and analyzed. Although the considered method was created for hypersonic
forebodies, the idea is fully operational for the low supersonic inlet design at Mach 1.6. The inlet
concept in this paper is formed from predefined profile elements which are used to generate the three-
dimensional geometry in an oblique shock pattern. By this approach, the curved corner of the inlet
entrance edge can generate the same shock as the main compression surface and also these curved
surfaces provide the optimum transition between entrance geometry and compressor face which is
important for the airflow quality and propulsive efficiency. The new concept has been validated by a
series of accurate CFD simulations with completely structural grid domains. The major inlet's
performance factors like total pressure recovery, flow distortion and mass flow capture ratio are
calculated. The concept and its accurate numerical simulations create a baseline for more advanced
designs and researches about the three-dimensional inlets and geometry transition techniques between
the different sections of duct.
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Fig. 2 Inlet entrance for F-16 and F-22
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Fig. 1 Multi-ramp variable geometry inlet, arrow 1 illustrates the
circular corner and arrow 2 points to the sharp edge
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Fig. 4 Perspective view of the inlet entrance
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Fig. 5 Final CAD model for numerical simulations
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Table 1 Dimensions and design details
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Fig. 3 Mach contour of two dimensional inlet at start condition,
M=1.60, result of solving Euler flow with the accuracy of 10E-05
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Fig. 8 Mesh structure of subsonic diffuser
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Fig. 6 Perspective view of the mesh structure
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Fig. 7 Close-up view of entrance, boundary conditions are: 1-
symmetric plane, 2-end of pressure-far field, 3-wall, 4-wall
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Fig. 10 1-longitudinal contours, 2-transversal contours on half-section,
the flow uniformity of oblique shock at the circular corners is visible.
for better view the cover section is transparent
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Fig. 11 Mach counters at different sections
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Fig. 14 The effect of the angle of attack AOA=5°
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Fig. 15 Total pressure distribution at AIP
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Fig. 12 H distribution in different transversal cross-sections
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Fig. 13 Boundary layer displacement thickness distribution
Siray lraly culks e 5l 13 JSb

ala> 4yl ,31-3-4

W55 Hled el 0as o0ls las 14 S 0 Sal sl ales> aygly
358 Cordy a4 LS ed pleaey alex aly (Ll L ) e lanl a5
5 ol (53,5 amio SIS g0 Sod S (ool s Sl
gl Dbl 0 oS Gl Gk oo SRl Gl (S50 e
Slp 39,9 wlas bawg (803 Gl 9 S ed )lwl (o515 o
Wl o0l a8 )T 13 baiae Sgo Ggsle B 40 ax 0 35 alas aygly
Coxdg pl 50wl odile (Bl a0 2 oagase jo (Z8Lye p> ralS
635 2 e gie SISl Gall p ead dnlxs)  wilas slay 55
S el (tal38l s y8 30 51 i (edans

$9939 wlas Ao oT,l5-4-4
IS el gaily plesly (b3l lp Jlxe 02 Spe 0= P/P g5
23 e Glid (Sealinog ] i mhaw o 1) L¥w o555 15

b s @b G o e Culho g pSe jlad 8l S el
el 4 Ly cod ol cpl cde el a8 axas 4 oo
=l ad Jlcolus s ool O e il (Hlhb o (699,5 alas
sl aipiny (Seslusgnl e gl U (2l o515 5 (YL s

308


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.37.0
https://mme.modares.ac.ir/article-15-7791-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.10275940.1395.16.11.37.0]

Uled 9 bo )l ple:l

Soab 9l 695 )l 03wl by (s 33 A (5399 A3ldS A

1.0

0.8

avfa®

0.6

0.4

0 10 20 5 30 40 50

Fig. 17 Total pressure recovery vs Mach and ramp angle
et gl agly 5 2lo sue Gubal S jLad Slsl Slss 1T IS0

Sl e rd Al 0050 O50d Gl lgie 17 Jlog0d L auglia I azs]
i Jad 1 az e 5l oolatul b cpizmen sl oads (>,b wilas (gl jLad
Sype 1y oad (2Ll ailas ouil; o Sles Glgioe (Solo 412 g2 p0 5
ol 3 ok g anglie

e olymainy O @l e alie b gl |y (b oo
Ggas dw sl sSm Jlid bk culpd 3ge5 o)z 3 Jsax o [14]
ol 00l )00 3 Jauz o oals >lb (sum du (634,9 ailas

b gg Dge Ggole (A O Sles (cmyp 50 K0 (sol e
il b gl 2o jlailide ablia )3 )Lad 250 @95 loged oand
IS aS ol sl oad ooly Lii 18 IS j5 Sso g0l Hieens
s Ao e lad w0l e slajlae (5Ll
S 15 e T o ST iy 55 0 o] oy 5ol e
b o 9550 calplo il v s ad C¥s 55 0l ala saias
Wl ¥ esi b Glalas oaues las wilgs o0 18 Koy 516 pae
el 099 ailas sl b ol 1 jlad spad Sl Grioren 0l
wlyojle (Ko b b pe Plas 5 oud Sgo (yg3le 55500 poe AalS
[12,2] 5 Jlss

00,5 Lasuiie )ie0in0 (59, 3 |y Seiliwl Jlid a595 19 ISS (ioren
el (6395 wilas o, Slas glp Sl bbb (g lad (Lol T semg ol
ol & o ndy Sype (o0 bl Lame Job 4 cs jlad il Sl s
[12] 555 o oovs 2355 4119 US55 i

S 5 4omi -5
2555 bolyen 5 (b Do Gs8le (5399 ailes fdgp allie (nl )
b el a8 I8 goae Ll 0y5e 5 0ad (2Ll Sso (g0l
glrosl e (nieS s (o815 005l (i b sam a1 sl
S gp ) adsi glaailels angs )5 Slaal o et 3 (So b~

[14] (58 jL2d b3l cupo e 3 Jguzr
Table 3 Performance parameters of the intake

b bl o po oy 15
(0) o58e 929
0.891 Sy oplite (Sed S5 ailad
0.968 G 93 (S9b 93 Ailas
0.977 S9b 9> Sy olie Soluwsl il
! Wind-US
309

M

7.00e-001
6.27e-001
5.53e-001
4.80e-001
4.07e-001
3.33e-001
2.60e-001
1.87e-001
1.13e-001
4.00e-002

Fig. 16 Mach counters distribution at AIP
Sealdg nl o w55 gle se &35 16 Y&

993 4ilad )5 slo el )l 2 Jgu
Table 2 Performance parameters of the intake

M Febl
93% Jlosl 4y (8ly (38L)5 oy o>
0.392 Syl i las £l 53
0.92 &Sl | Jols 5S JLi8 bk oo
0.93 @5 Joo 4yl jl Jobs o8 L8 sl s
0.96 Jloaal gl 53959 5 (198w yUid bk oy
0.6E+05 Sl sl
3.2E+05 a0 5 ales aygl5 0 ) by
0.11 45 90 3 glogel copo

5 2l b, sbml 5 Wilgi e 55 0l a4 Jekiis ) abaie oy s
S 9 g peS Slaais ;5 by Gl a3l She Vg9 S
388 el (63955 wlas 5l (28L)s Gl )0 glarsel Sezg s @l
tho o Solas @395 35 5 sl o515 kL Jdgy b ol
<l 0z > Vg (Sesluvgn] o gl 5 (i ol glaie

by ool 2 (2) Jguzr 5 glrsel o pd S o ol

A
DC(B) = (4p) (3)
q
o5 HLid nSile o BT AP alayly ol j0 el ool dcwlxe
o ollad o 55 jlid iSils 5 (Snliog ] i gl axio
St oSl e ailioe Sl g JLaS aneS polie 5l
Ambo [0 ot Oyg0 glad aygl; O ol e jede glad o Saluo
S 2 ey el 1y oS 3 il pd Sl 17 S
odls S8 bl oy0e Hloced mhw agly 5 Al sae Gulul (SIS
X PR PR

11 o jlost 16 053 1395 yoig sy 0 SilSe s Sie


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.37.0
https://mme.modares.ac.ir/article-15-7791-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-13 ]

[ DOR: 20.1001.1.10275940.1395.16.11.37.0 ]

U 9 mabio s gloal Soab gl $eTl il e ikl b 53y A 53999 Al ALb
SireaY JSb 5SS H
glie b sl Jsbo Le
olsT by glo sae M
JT"‘-\:‘.‘ ] @5‘3 g_;""al")‘3 ul")"’ o0 Mf

Sl Les P B I
. Bosbop o :
kJS )Lw Pt ‘:_h | > '—_'_h.—t_._l- 15
_ = i , et Tt Tt T
Sl ol 5 jLes P § 03 VI T TV :
g K
S s J! SST B A A B
. = os2f e T TR
Dgo ogdle ieeisd Job 4 (Job alold o x/L E T &
g pdle S o3f _mEEEaa5
. ) _ g
‘59"“ 4f.ﬁ‘) '8 " 3{._;._.__.: 5 E:__?-E";—f o
055 agl; § L, Ll R L W
. T 5* 0 1E-05  2E-05  3E-05 4E-05  5E-05  BE-05
Lﬁ'))“"“~'~y dl""’l"’ e )9"5l5 Non-dimensionalized distance
oo 4Y poiiage Cuwlns Fig. 18 Pressure distribution at different cross-sections, from beginning
HLad b5l s o to the end of subsonic diffuser
b Sgo gole jiemis glanl 5l Glises o0 ablie jo jlad aje5 18 &
&w-7 Sealidg nl o gl (203

[1] J. Seddon, E. Goldsmith, Intake Aerodynamics, Second Edition, pp.
161-187, AIAA Education Series, U.S.A, 1999.

[2] W. Steenken, Integrated inlet-engine compatibility by design, 45th
AIAAJ/ASME/SAE/ASEE Joint Propulsion Conference, Colorado,
U.S.A, pp. 17-25, 2009.

[3] A. J. Eggers, H. Ashley, G. S. Springer, J. V. Bowles, M. D.
Ardema, hypersonic waverider configuration from the 1950’s to
the 1990’s, 31st Aerospace Sciences Meeting, Reno, U.S.A, pp. 25-
38, November, 1993.

[4] Y.Li, P. An, C. Pan, R. Chen, Y. You, Integration methodology for
waverider-derived hypersonic inlet and vehicle forebody, 19th
AIAA International Space Planes and Hypersonic Systems and
Technologies Conference, Atlanta, U.S.A, pp. 64-78, June, 2014.

[5] J. W. Slater, Methodology for the design of streamline-traced
external-compression supersonic inlets, 50th AIAA/ASME/ASEE
Joint Propulsion Conference, Cleveland, U.S.A, pp. 35-43, July,
2014.

[6] R. Scharnhorst, An overview of military aircraft supersonic inlet
aerodynamics, 50th AIAA Aerospace Sciences Meeting Including
the New Horizons Forum and Aerospace Exposition, Nashville,
U.S.A, pp. 12-19, January, 2012.

[7]1 L. Hunter, J. Cawthon, Improved supersonic performance design

for the F-16 inlet modified for the J-79 engine, 20th Joint

Propulsion Conference, Cincinnati, U.S.A, June, 1984.

L. Hunter, J. Hawkins, F-16 variable-geometry inlet design and

performance, 17th Joint Propulsion Conference, Colorado Springs,

U.S.A, pp. 19-40, July, 1981.

[91 A. L. Delot, R. Scharnhorst, Computational and experimental
results for flows in a diffusing s-duct without and with flow control
devices, 51st AIAA/SAE/ASEE Joint Propulsion Conference,
Orlando, U.S.A, pp. 40-49, July, 2015.

[10]F. R. Menter, M. Kuntz, R. Langtry, Ten Years of Industrial
Experience with the SST Turbulence Model, Proceedings of the
Fourth International Symposium on Turbulence, Heat and Mass
Transfer, Antalya, Turkey, October, 2003

[11] L. Shi, R. Guo, Serpentine inlet design and analysis, 50th AIAA
Aerospace Sciences Meeting including the New Horizons Forum
and Aerospace Exposition, Nashville, U.S.A, pp. 55-64, January.
2012.

[12] E.L. Goldsmith, J. Seddon, Practical Intake Aerodynamic Design,
Second Editition, pp. 9-11, AIAA Education Series, U.S.A, 1993.

[13] Ph. M. Gerhart, L. J. Bober, Comparison of several methods for
predicting separation in a compressible turbulent boundary layer,
National Aeronautics and Space Administration, NASA report, pp.
112-131, 1974.

[14] J. W. Slater, Design and analysis tool for external compression
supersonic inlets, 50th AIAA Aerospace Sciences Meeting,
Tennessee, U.S.A, pp. 28-40, January, 2012.

[8

[

11 o plass 16 0,53 1395 ars o yw)e Sple L diico

P
3.67e+005
3.35e+005
3.03e+005
2.71e+005
2.39e+005
2 06e+005
1.74e+005
1.42e+005
1.10e+005
7.74e+004

Fig. 19 Pressure distribution on the diffuser (Pa)
Il ey 5008 (59, p 5Lid @59 19 ST

gl 0ise Sob olyz 68l 5l g esSas (Agy & 55 Se ailas il
Cords 1, s M OIS gam aw oue Jdod el oad
Oledezr Zul 005 &l Jlad bk <ol 5 laSsd Jldle (g5 ,0aY
oz Ok dhex agly pii b g 009 b sl (b )3 laS9d
Sl & az g b oS e oS (oS 4 g o2l e 4 o eS8 50
L Sy oJloy Sod ala) 5l o515 mlaw ad alold 5 (o515
Sod Sl )5 (lrsel SSaa ©39)9 Jdgn 0ol 35 slaalss
90 Jl el oSl Gdate DblS Sgd Jlsle § oS o ol ©yee
alas BLbl >l b,z o als )T sbol 5l jede zebaw (ool gan
6999 4los (Sl ;0 (ot Jlm Coje 45 WS o0 655l (53955

] Laslen aias b

e o 4gd -6

Sealindg ] Ghoeins gl AIP
alos ayl; AOA

=l sl Daqq

310


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.37.0
https://mme.modares.ac.ir/article-15-7791-fa.html
http://www.tcpdf.org

