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ABSTRACT: Hypersonic glide vehicles are a novel type of hypersonic weapons that have received
extensive attention. These vehicles can seriously challenge any defense system by traveling long distances
of about thousands of kilometers in the atmosphere at very high speeds up to more than 20 Mach. In this
research, the aerodynamic design of a hypersonic glide vehicle has been done based on the wave rider
theory and conical-derived wave rider Method. In this study, a parametric method with three parameters,
including cone shock angle B, dihedral angle ¢, and compression ratio S, was introduced and used as a
design code. In the design process, the HTV2 hypersonic glide vehicle was used as a reference model.
To achieve configurations with operational dimensions, by changing the design parameters, four-wave
rider configurations with the same dimensions as the reference model were identified. By analyzing
these four configurations using the computational fluid dynamics method, the configuration with the
best aerodynamic and volume results was selected as the preferred design configuration. Compared to
the reference model, the preferred configuration has 36% more aerodynamic efficiency and 15% less
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volume, indicating the efficiency of the used method.

hypersonic aerodynamics

1- Introduction

The methods commonly used for the aerodynamic design
of hypersonic glide vehicles include those based on the
theory of wave rider configurations, which create a higher
lift-to-drag ratio than other configurations [1]. A wave rider is
a supersonic or hypersonic vehicle in which the shock wave
is attached to the leading edge throughout its length under
specific design conditions (i.e., Mach number and free flow
conditions). Due to the attachment of the shock wave to the
leading edge, the large pressure behind the shock wave under
the vehicle does not leak to the upper surface from around
the leading edge. Hence, the flow field is trapped at the lower
surface and its high pressure is maintained, causing a higher
lift force on the vehicle. [2].

Although there has been some research on the design of
hypersonic glide vehicles based on hypersonic configurations
theory, such as that in [3, 4], not all aspects of wave riders
as hypersonic glide vehicles have yet been studied. The
present research simultaneously considered all three aspects
of a wave rider, namely operational dimensions, aerodynamic
efficiency, and configuration volume for operation as a
hypersonic glide vehicle. The method used was validated by
comparing its results with those of the HTV2 glide vehicle.
Among wave rider design methods, the cone-derived wave
rider technique has been selected due to its good volume
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and simpler design space. A parametric method with three
parameters was employed as a design code for creating
wave rider configurations. The overall design process in
this research is as follows. First, the configurations with
appropriate operational dimensions and volume obtainable
from the design method are identified by varying the design
parameters at specific increments within a suitable range.
Since the operational dimensions of the vehicle are unknown
at this stage, those of the HTV2 hypersonic glide vehicle are
considered. Subsequently, these configurations undergo an
aerodynamic analysis using computational fluid dynamics
(CFD). The configuration with superior performance in
terms of aerodynamic efficiency and volume is selected as
the preferred design configuration. Next, the effectiveness
of the designed configuration is determined by comparing
it to HTV2 (as the reference model) in terms of volume,
aerodynamic efficiency, and wave riding quality.

2- Design procedure

Wave rider configurations are usually built using an inverse
design method. In the cone-derived technique, the wave rider
configuration is extracted from the base flow around an
imaginary cone under a supersonic or hypersonic regime. The
top surface of the wave rider and its leading edge are created
by projecting the top curve of the wave rider surface onto
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Fig. 1. The three design parameters of a cone-derived
wave rider

the hypothetical conical shock surface. Then, the wave rider
configuration is divided into radial sections, and the bottom
surface of the wave rider is obtained by numerically solving
the following Taylor-Maccoll equation using the leading edge
curve and the hypothetical conical shock. The wave rider
configuration is obtained by connecting the created surfaces.
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The design parameters of this research are the conical
shock angle B and the curve parameters of the top surface
of the wave rider, including the anhedral angle ¢ and the
compression ratio S (R,/R), which together determine
the shape of the resulting wave rider. These parameters are
displayed in Fig. 1.

3- Results and discussion

The suitable wave rider configurations in terms of
dimensions were identified by considering a specific range
and variation increment for the design parameters and
specifying the maximum dimensional difference from the
reference configuration (5%). Subsequently, low-volume
configurations were eliminated, and four configurations with
suitable dimensions and volume were selected and subjected
to aerodynamic analyses and comparison with the reference
model. Fig. 2 shows the configurations resulting from the
design alongside the reference model. The dimensions of the
designed configurations were similar to those of HTV2 with
a maximum difference of 5%. Next, the flow fields around
these configurations were aerodynamically simulated using
ANSYS Fluent commercial software. For this purpose, the
implicit density-based and steady solver using the Roe-FDS
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Fig. 2. The HTV2 glide vehicle and the four designed
configurations

Fig. 3. Pressure distribution around the superior de-
signed configuration

method was selected. Also, the ideal gas assumption was
considered.

According to the results, the volumes of the designed
configurations were lower than those of the reference
model, but their lift-to-drag ratios were higher. The fourth
configuration was selected as the preferred configuration with
an aerodynamic efficiency 36% higher and a volume 15%
lower than the reference model. If the volume is prioritized
over aerodynamic efficiency, the third configuration can
be considered a better choice with 26% more aerodynamic
efficiency and 7% less volume than the reference model.
Fig. 3 displays the pressure distribution around the preferred
configuration compared to the reference model. As seen in the
figure, pressure leakage was less in the preferred configuration
than in the reference model, and a higher pressure entrapment
occurred on the bottom surface of the preferred configuration
due to its higher aerodynamic efficiency.
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Fig. 4. Pressure distribution around the HTV2 refer-
ence model

4- Conclusion

In this research, a hypersonic glide vehicle was designed
using the cone-derived wave rider method by considering its
operational dimensions, volume, and aerodynamic efficiency.

The results indicated that the designed configuration provided
36% more aerodynamic efficiency than the HTV2 hypersonic
glide vehicle with 15% less volume. Accordingly, one may
conclude that the cone-derived wave rider design method
can result in good configurations for use as hypersonic glide
vehicles in terms of dimensions, volume, and aerodynamic
efficiency.
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1 Multiple osculating cones
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2 Inverse design method

3 Upper surface base curve (UBC)
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Fig. 1. The process of creating a cone-derived waverider [21]
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Fig. 2. Right, the design parameters of the upper surface curve in the base plane of the cone,
left, the base cone along with cone angle parameter
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Fig. 3. How to create a waverider body with radial sections, left, curves and design sections from the
back view, right, a sample radial section from the side view
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Fig. 4. HTV-2 hypersonic waverider configuration used as a reference model
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Table 1. Specification of design parameters of four configurations
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Fig. 5. 3D view of four waverider configurations with the same dimensions as HTV2
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Fig. 6. The solution domain around a sample designed waverider configuration

Saliwl glos g P, =1-Y0 pa Sliwl jLié DY Flo dxe Jolds Jio
Sl a5 a8 g4 g e ( J> o9y b e I, = £V K
@ drg bbb J8 is 3 oad Shb sl lpugse alie 4 )l
2) 3l Jlpwgse 4 S35 Slawain ondgslas (i liel Juo &S]
Blo gaw aw jload S5 winns Jlo coSed gl 5 Sk 9
Cunl 0ABCwS Do slygle 925 )3 9 (Wdlioo 55 gl s >
5 J o lisl caz g 0351 gz alie ol Js> b 2oy
oby glaody (B &5 Cul 1S5 4 oYl cuslie (iagg cpl )
28 g Sl iy g olend oSy Gl sl
ol S0l angi b s lawzas dyg0 50 Mt Cuenl b YU Flo sl
YU s glo dhie] b oS o syl iond s (6lacS o I iy S
sie M gy lil [YFIaidb e 03,5 aic o bl5 (¢lo YO 351
> omslisl 3 oas b slagain S 5 (e )lisl Jae e Elo
LS e 0l (M5 \F
i b aSud 7 Jio ol sl &S 5l o Ml ()
oxidlol ¥ M o YA MoV /y Mesys ke vy Kave k claasis
N3 JedoS 3590 (FI0O) dlos seugl cn i b Jlaidyge Juo sl
il (sloaSil (sl |y Ly 4 Ty Cond b5 Jhge V IS i8S

Aoy

GaSd £ SS alie bgan Sy SLbl as e gaSs

2 &S Cwl GipeaY ) Gpiie 5 SipaY Sl DB 2 aeg)ke
TP Slegy g ipaY el dlte gdy p Jlel ) L8
Foilo ¥ lpwgse golaw (59) 4Sud o)l WS o Ao (2534 )
eyl .l VY lase JS )0 aSuls wdy 5 g Cunl sabas S Jlas
Yo ¥ ol o VY My g ope e /Y gipeaY ol Y
e sl 9090 ¥ T < EY 4 e I Jae ool gl &S A3 e
Wk Jp S yig silode o Cusl Culio 4854 iV g5
5 soilnily Hlawzge Jo o oY jlad o & Job 4y (slalgiol )d laasi
Shor lp 485 (4 pgere Cul oabad S Hlai ) e b

il oo yaakeo VIV 290> W Jde

S > (orylasl -V ¥
ad gainy Jlo o b gy ool o 48), 54 (g0e S (S, <
odzmiw [YO] a2 ye 3 gylae 3k g5 (228 @l b anolie o Jlywzse
YIVE gl b yge gaomiio S bl I jlaisyge Jio sl ol
UK ] oo Cawd 4 yta il VISV glad b ailginl S adaws b a

oo el ol Be s bty e o ol ) il cpl (slod dw ygual



s A1) ylgmige diged Sy (oS 5 ASd Y JSS

Fig. 7. The hybrid mesh of a designed waverider sample
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Fig. 8. The geometry of the validation model, the pseudo-waverider body
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Fig. 9. Numerical results of the lift to drag ratio at an angle of attack of 6.55 degrees for different Meshs
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Fig. 10. Comparison of lift-to-drag ratio numerical and experimental results in different angles of attack
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Table 2. Aerodynamic simulation results and volume of four designed conFig.urations and
HTV2 reference model
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Table 3. Comparing the results of aerodynamic coefficients and volume of four designed con-
Fig.urations and HTV2 reference model
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Fig. 11. Static pressure distribution in the middle sections of the four designed configurations
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Fig. 12. Density distribution around the preferred configuration
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Fig. 13. Density distribution around HTV2 reference model
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Fig. 14. Static pressure distribution around the preferred design configuration
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Fig. 15. Static pressure distribution around HTV2 reference model
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