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ARTICLE INFORMATION ABSTRACT

In this paper, a hypersonic inlet for operating at Mach 5.0 is designed and analyzed numerically. The
main axis of this study is a series of three-dimensional simulations with the accuracy of 10E-06 which
are applied to determine the effects of the highly developed boundary layer on the performance of inlet
for three different study cases. The basic inlet concept is designed by integration of double ramp
compression surface and inlet duct which can reduce the free-stream Mach number to the range of 2.0.
The most important factor that affects the performance of the hypersonic inlet system is the developed
entropy layer on the fuselage of the flight vehicle. Ingestion of this layer results in thermal gradients and
pressure recovery losses. The bow shocks at the nose and the leading edges are the main sources of this
low kinetic energy layer. Using the k-o turbulence model in the numerical simulations has resulted in a
reliable estimation of the boundary layer. In the current context, shock structures, shock-boundary layer
interactions, flow quality at the end of the diffuser and also the effects of using sidewalls on the
performance of the hypersonic inlet are the main goals of the simulations and the related results are
summarized.
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Table 1 Results of mesh study on the kinetic energy of turbulence and
Mach number
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Fig. 4 Longitudinal distribution of pressure coefficient at the lower
surface of the duct
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Table 3 Effects of angle of attack on the performance factors of m1

0 -5 +5
e (/s) 52 71 37
ERU) 7199511 7741741 688955.1
5 g - 10 261.57 219.25 330.75
T (K) 705.4483 760.22 684.55
P (Pa) 25100.38 30260.64  16409.91
o 47.05 52.30 38.40
My 2.17 1.99 2.28
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Fig. 10 Closes up view of reflexive shock root, A- Case 1, b- Case 2
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Fig. 11 Streamlines inside the separation region, Case 2
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Fig. 12 Duct flow pattern on the plane of symmetry (Pa), a- Case 1, b-
Case 2

2 Jao-o d Jow -l (b)) aSTs o)li5 amin 1o ol > 50112 JSCo

alos> asgly »1-3-5
5o leads Ll b o Cuz s Sl oy Gl Az 5455 bl
ST ke 0dgue y0 alax aygly wlisd e slysle Gilon m)
ool azg BB 18 ise )y o Slas o] Sl Lol sl o 5l
3o (Cely Coon 51 e dgl) Soslial sles g (@SB slael el
iled ) ambo 3 ALl Slel b (owlSail Sob (sl 3555 0 Jore

10 o pless 17 095 1396 5o (o3 Sl wiiue



Ve 9 Habo ylsds Yleyl

3900 shgle (53999 A3 (LY H3 03 euid (5) )04V YKo il I

. 1.22e+005

q
1.4e+005
1.2e+005
8 9e+004
6.2e+004
3.5e+004

q

1.4e+005
1.1e+005
8.7e+004
6.1e+004
3.5e+004

q
1.4e+005
1.1e+005
8.8e+004
6.1e+004

« 1404005
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Fig. 19 Dynamic pressure contour and velocity profile before AIP
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Fig. 20 Dynamic pressure distribution
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Fig. 18 longitudinal temperature variation at the intersection of lower
surface of duct and the plane of symmetry
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Table 4 Ramp and shock angles for three different turning angles

k (mzlsz) Tar (K) c LJAA
1533.3 709.16 49.57 ml
1900.6 714.95 46.10 m2
2307.6 811.10 39.50 m3

i o (69, (AT 5 Lad ) (6,5 K5 @l 5 Jou
Table 5 Results of pressure and enthalpy integrals over the AIP

Hap (x10° J/kg) Par(x10° Pa) ™
714.093 27.406 mi
719.951 25.510 m2
816.746 34.609 m3
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Fig. 21 Maximum total pressure recovery of two-dimensional multi
ramp hypersonic inlets
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