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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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Fig. 2 Computational domain
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Fig. 3 Mesh structure of duct.
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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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Fig. 8 a- a close up view of bow shock, b- Total pressure ratio

contours on the plane of symmetry
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Table 3 Effects of angle of attack on the performance factors of m1

0 -5 +5
Tk
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H (J/kg) 719951.1 7741741 688955.1
s (J/kg ) 261.57 219.25 339.75
T (K) 705.4483 769.22 684.55
P (Pa) 25109.38 39260.64  16409.91
o 47.05 52.30 38.40
Maye 217 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. 14 Effects of attack angle on the flow quality of AIP
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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 e (69, (T 5 Lad 5l (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

10 o pless 17 0951396 5o ()30 Sulle wiiue


https://dorl.net/dor/20.1001.1.10275940.1396.17.10.53.1
https://mme.modares.ac.ir/article-15-10856-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-24 ]

[ DOR: 20.1001.1.10275940.1396.17.10.53.1 ]

Ubled 9 Halo Hlads yleal

990 slygle (5399 QDS AL 23 0ub @iid (5 p0dsY JiSe Lyl

S il oS Lz Proo
Sl jles 4

sl S
ko T

SUg e
alo> aygl; @
Seebas il K
&= P

Seslodgpl o ot )3 S jLad Dbk coye M

&8

[1] C. Segal, The Scramjet Engine: Processes and Characteristics, 1% Edition, pp.
123-158, Cambridge University Press, 2009.

[2] E. B. Saheby, G. Huang, W. Qiao, W. Tang, A novel compression surface
for integration design of high speed aircraft forebody and inlet, 20" AIAA
International Space Planes and Hypersonic Systems and Technologies
Conference, July, 2015.

[3] E. B. Saheby, G. Huang, A. Hays, Design of hypersonic forebody by the
combination of bump and waverider surfaces, 21st AIAA International Space
Planes and Hypersonics Technologies Conference, Mar, 2017.

[4] P. Balakumar, L. R. Owens, Stability of hypersonic boundary layers on a
cone at an angle of attack, 40" AIAA Fluid Dynamics Conference, Chicago,
1linois, Jun, 2010.

[5] L. Zhang, K. Zhang, L. Wang, Application study of the curved surface
compression system in three-dimensional sidewall compression inlet, 32"
AIAA Applied Aerodynamics Conference, Atlanta, GA, June. 2014,

[6] E. B. Saheby, G. Huang, A. Hays, Design of wave derived inlet for high
curvature fuselage, 52" AIAA/SAE/ASEE Joint Propulsion Conference, july,
2016.

[7] E. B. Saheby, Gh. Olyaei, A. Kebriaee, Design and numerical analysis of
mach 3.0 inlet, Modares Mechanical Engineering, Vol. 17, No. 4, pp. 199-
208, 2017.

[8] F. R. Menter, Two-equation eddy-viscosity turbulence models for engineering
applications, AIAA Journal, Vol. 32, No. 8, pp. 1598-1605, August. 1994.

[9] S. D. Kim, C. O. Kwon, D. J. Song, Comparison of turbulence models in
shock-wave/boundary-layer interaction, KSME International Journal, Vol.
18, No. 1, pp. 153-166, January. 2004.

[10] R. Sivakumar, V. Babu, Numerical simulations of flow in a 3d supersonic
intake at high mach numbers, Defence Science Journal, Vol. 56, No. 4, pp.
465-476, October. 2006.

[11] D. W. Mayer, G. C. Paynter, Boundary conditions for unsteady supersonic
inlet analyses, AIAA Journal, Vol. 32, No. 6, pp. 1200-1206, Jun. 1994.

[12] S. Das, J. K. Prasad, Cowl deflection angle in a supersonic air intake,
Defense Science Journal, Vol. 59, No. 2, pp. 99-105, March 2009.

[13] H. Ran, D. Mavris, Preliminary design of a 2D supersonic inlet to maximize
total pressure recovery, AIAA 5th ATIO and 16th Lighter-Than-Air System
Technology, and Balloon Systems Conferences, Arlington, Virginia,
September. 2005.

[14] Y. Yao, D. Rincon, Y. Zheng, Shock induced separating flows in scramjet
intakes, Modern Physics, Conference Series, Vol. 19, No. 2, pp. 73-82,
January, 2012.

[15] M. Krause, B. Reinartz, J. Ballmann, Numerical computayions for designing
a scramjet intake, 25" International Congress of The Aeronautical Sciences,
Hamburg, Germany, September, 2005.

[16] M. K. Smart, Optimization of two-dimensional scramjet inlets, Aircraft, VVol.
36, No. 2, pp. 430-433, 1999.

10 o)laids 17 095 1396 (53 (e Silse wise

OAlp
o o o
A o o

o
w

n=2
—e— n=3
—y— nzd
~=cw--«. n=4;2 intarnal
—+— n=35
---#4---- n=5; 2 Intemal

e
LS

-~ LARED ERRES RARRE RERAE RRRRE LERRE REN

o
o

FETRNSETE DURTATETEN SESTTETE ErUTETEry T S
5 6 7 8 9 10
M

Fig. 21 Maximum total pressure recovery of two-dimensional multi
ramp hypersonic inlets
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