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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
(ol J55) 22-4l £33 ailas s (YL ‘JS_:.)|6 —al gagys ailan 2 IS

11 oplouis 16 0,35 1395 g s Swilfle g dieo

S35 00 Gy CeaS b (SO bl (Jelse ool cuaS 5 sl
Sl p M ol Swlre sy Dbz Sy 0050 Hjenno mham
SiaaY 250 3 jgm el Cem 4 S5 > P 3 i 4 sl
F o=l @ dls e 5 00 oo ()L03 osSe (Lol S & Cod o5l
lals 5 ol ol 4 e 5y oz Veol 090 lax mlas
P glrssloalolen b )0 glsel (Ml 5 (6551 WL & 252 0
Soldl I8 5L oll5 pals tael Wig o jmmeS & 53959 b
ozl GaTsr iR 3 ey SRS Bas 05 e S
e Sle ) pigehes (Bl 0 058 o Seoln (S el el
loadsT Lol jompeaS (5000 a5 53955 S50 o i 05
e |y e Y 0, il e b Saaly 5 glrsel sl sl 5 5
GRSeny S soalS Jale s ol ) Gl (el Jleas g ool
S32g O e GipeaY Cwlks Al el a5 cudl (g e S el
ol 3 e b Seh iSen g (5958 allas JLSll s 15 glaatss
I 55 aes e ol Sas a1y gy 5 lbl g Cwls Al
e o lis sauRis dised SG j0 1) 63555 wiles oais T glaasy
39 (693,35 sleailes b Sew slvoasSin  2lb (g0dles ol ans
IR st ok Sl I u“"TJ 2y Sed S5 Dgo by Sed
3 S Silan slagle o ol o8 Gl 5 (b o0l G5 (Solu 285
o5 Loy 15-081 5 e Jle plgie 4 ol Sl ol Lol e 1.8
WS on oxe 539y wled Wt g3 nl 5l K] Slhes slaoaiSis
Ol ) S50 55 Son 90 sleailas jl Sl g 22 2 IS0
5 bl 2 S ) Seme (25 o515 el (Sedgo wlas amo o
fle cglsn o gz aobms a5l 3 s B 3 Be oo 05
s b s St Gbm G s S (2B L 2 1T
Slrt g iy e T0 483 53 j9de (R, Col 00t (5l
a5kl il el ey A gl Seisla Slagghe uis Sy
S35 Slas slakijed amain (b 3 b 55 o0 o, e
) Coo i ypde oS |3 pela [5-3] cd 5 18 aalinl 550 22-0
ol el eald g 22-G1 w99y ales siluaz LS sl

Fig. 1 Multi-ramp variable geometry inlet, arrow 1 illustrates the
circular corner and arrow 2 points to the sharp edge

asgf 2 oIS, goas 3 anef | 8 uine glac i b sy ailas 1 JSG
e o ol ly 63,8 38 B 2

! caret wave rider

WWW. SB2.ir


www.sid.ir

Ve 9 (abo Hlass Yloal

Soub 9l 9Tl )l 03kl by (5 3% A (5399 Al S A

Compression surface edge

/

Suction mechanism

Normal shock

oblique shock

Lower lip

Fig. 4 Perspective view of the inlet entrance
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Fig. 5 Final CAD model for numerical simulations
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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. 9 Boundary layer displacement thickness factor
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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 calks e 58l 13 JSb

ala> 4yl ,31-3-4

W55 Hled el 0l ools las 14 S j0 Sal LSl alas aygly
G55 Cordy a4 S ed plader ales aly (Rl L ) e il a5
9 0dd oz (635,5 axbo I el 9o Sel S (oo Iag S Sl
s aysly bl o a5 QT lak e (Rl bz (FO50m 2
Sl $3ay9 Glos byt 35 ol 5 oS58 (sl (oS5 o
ol oal a8 )3 13 baiae Sgo Gg8le B ,0 ax 0 35 alas ayly
Candy ol el snile Bl oo 2 s3game 4o 8lys aym LtalS
9> 2 ke mie JUS el oad al) ailes (slay 595
WS oo T 158l e 30 30 5l i (G‘a.w

80939 #las Al oT,l5-4-4
IS el aily plessly b3l lp Jlxe 02 Spte 0 = P/P g5
a3 g i (Sealindg ] omi mhaw o 1) LS 595 15

b9 @b G 0 ey Cwls g eSi jLid il S S
el 4 Ly comd ol cpl cdevcanl a8 axans 4 o
sl ad 5l colie g Joole o jle 4ol Sk 55 (6395 allas
el Aty (Sesldgnl Ghomis gl b (2, o515 G Y

308


www.sid.ir

Ve 9 (abo )l Ylesl S gl G595 )l oLkl b 53Ry A (5399 &3S Ak

1.0

M

7.00e-001

P, 6.27e-001

0.8 5.53e-001

4.80e-001

ar]a8 4.07e-001

3.33e-001

0.6 2.60e-001

1.87e-001

1.13e-001

4.00e-002
0.4

0 10 20 30 40 50

&
Fig. 17 Total pressure recovery vs Mach and ramp angle
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