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Abstract For the hypersonic vehicle, the aerodynamic performancerbes more intensive. Therefore, it is a signif-
icant event to optimize the shape of the hypersonic vehickchieve the project demands. It is a key technology to
promote the performance of the hypersonic vehicle with teéhad of shape optimization. Based on the existing vehi-
cle, the optimization to the upper surface of the Simplifigddrsonic vehicle was done to obtain a shape which suits
the project demand. At the cruising condition, the uppefasarwas parameterized with tBeSpline curve method.
The incremental parametric method and the reconstruaticimblogy of the local mesh were applied here. The whole
flow field was been calculated and the aerodynamic perforenahthe craft were obtained by the computational fluid
dynamic (CFD) technology. Then the vehicle shape was opé#ichio achieve the maximum lift-drag ratio at attack
angle 3, 4° and 5. The results will provide the reference for the practicalige.

Key words: hypersonic, shape optimization, sequential quadratignaraming (SQP)

INTRODUCTION

As one of the strategic high ground in new era, with huge corai@dnterests, the development of hypersonic vehicles
has important military significance. However, the aerodyicgperformance requirement of the vehicles becomes more
and more because of the complex phenomena of hypersonicTievore body of hypersonic vehicle not only has the
ability to provide the most needed lift but also plays the ra the pre-compression face of the inlet of the engine. The
aft body of the vehicle can be considered as the extensioneofi®zzle, which can provide the lift and thrust. With
this design, the lower surface of the vehicle and the progulsystem are integrated into one part. Therefore, it is a
significant event to optimize the shape of the hypersonidicieko achieve the project demands. It is a key technology
to promote the development of the hypersonic vehicle wighrtiethod of shape optimization. The shape of the lower
surface of the vehicle is decided by the propulsion systemit'S necessary that designing the upper surface to aghiev
the maximum lift-drag ratio.

Configuration optimization design of hypersonic vehicleaisew technology, which is a combination of computa-
tional fluid dynamics (CFD) technology and numerical optiation method to obtain the optimal design. Sequential
guadratic programming (SQP) method was applied to the agiion of the upper surface of the Simplified hypersonic
vehicle in order to obtain a configuration which suits thegebdemand. At the cruising condition, the upper surface
was parameterized with ti& Spline curve method. The incremental parametric meth&d @nalysis and the recon-
struction technology of the local mesh were also applie@ lasrtools. In the process of optimization the volume of
airframe was used as a constraint condition. The resuliy\be effectiveness of the incremental parametric method
and the optimization process, and provide a basis for furthsearch.

VEHICLE CONFIGURATION

The shape of the lower surface of the vehicle is decided bytbpulsion system. So, it's necessary that designing
the upper surface to achieve the maximum lift-drag ratioer€fore, the simplified configuration does not install the
rudder and the propulsion system. The fore body of the vehisks wave rider configuration. The length of the vehicle
is 6.5 m long, and the reference area is 2.37 @s shown below.
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Figure 1: A 3D model of simplified hypersonic vehicle FigureMulti-Zone mesh

I ncremental parametric method

The incremental parametric method is applied to the pamaation of the upper surface. Based on the original
surfaceA, the incremental parametric layAf is overlaid on surfacé to produce the new parametric surfake In

the overlay process, the interpolation technique is agpgbeint to point. Maintain the points on the original and
incremental layer have the samey-coordinate, and overlay thecoordinate.

The BSP curve technique is applied to generate a paramatsie as the symmetry curve of the incremental layer (the
y-coordinate equal to 0, the-section). The-coordinate of the point on this curve is the max incremettalrdinate

in its y-direction of the layer. The incremental coordinate of epoimt along they-direction change to O on the
boundary according quadratic curve. Maintain the boundéithe incremental layer coincides with the boundary of
original surface. The same process can be done iyethection to generate the incremental layer alongitigection.
Piecewise cubiB-spline curve method is applied here, the equation is
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And 7 design variables are used to generate the new pararsetface.

COMPUTATIONAL CONDITION

During the CFD analysis, considering the environmentaltaeghysical characteristics of hypersonic flow, the physi-
cal model and boundary conditions we used are as follows,

Physical model: 3 dimensional Navier-Stokes equatioksyp turbulence model.
Boundary condition: Ma=6.5,T, = 2236 K, P, =1 8475 pa,To = 2 1087 K, Attack angle: 3,4° and 5.
All of the results are based on half of the shape.

OPTIMIZATION PROCESS

In the optimization process, the CFD analysis is done firgiaio the aerodynamic parameters of every shape. Then
the design variables are changed under the guidance of ingtion method to generate the new shape. After the
local mesh reconstruction the further CFD analysis will loael automatically. The process will not stop until the
aerodynamic parameters meet requirements.

The SQP method is used in the current optimization procels.nfain idea of this method is transforming the opti-
mization problem into a series of quadratic programmingablems solved by iteration. SQP method is one of the
most robust methods for solving the nonlinear optimizapoosblems.

The optimization target is the maximum lift-drag ratio oéttehicle. In the process of optimization the volume of
airframe is used as a constraint condition. The specifidteeate shown in this paper.

RESULTS

The comparison between the initial and the optimized deggiables are listed in Table X-Init represents the initial
variables, whileX-Optm represents the optimized variables.
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Table 1. Comparison of initial and optimized design varabl
7 variables (3) 7 variables (4) 7 variables (B)

X-Init X-Optm X-Init X-Optm X-Init X-Optm

0.06 —6.6594038102 0.06 -4.6238048102 0.06 —1.800379%5101
0.06 -8.618764%¥102 0.06 -8.7626528102 0.06 —3.4766348102
0.06 -6.1380820102 0.06 -4.7536018102 0.06 1.000000Q10°1
0.06 -7.7865630102 0.06 -3.6555136102 0.06 —1.000000Q101
0.06 —2.527625%¥102 0.06 -8.9396544102 0.06 —1.000000Q101
0.06 —9.093395%102 0.06 —1.000000Q101 0.06 —9.728948%510 2
0.005 1.829218%10°2 0.005 1.906 12061072 0.005 4.500 000 Q102

The comparison between the initial and the optimized agradhyc parameters are listed in TableX2lnit represents
the initial parameters, whil¥-Optm represents the optimized paramet€gsrepresents the drag coefficie@},repre-
sents the lift coefficient and tl&/Cy represents the lift-drag ratidCy represents the increment of drag coefficient after
optimization,AC, represents the increment of lift coefficient after optinima, andA C/Cy represents the increment
of lift-drag ratio after optimization.

The results in the Table 2 indicate the optimization proeesks well. At 3 attack angle, the increment of the lift-drag
ratio reaches 11.57%. With the increases of the attack atingléencrement of lift-drag ratio falls down to 5.66%. This
is because leeward side effects more obvious at highekadtagie. The volumes of all the three optimized airframe

meet the limit 1.7 rA.
Table 2. Comparison of aerodynamic parameters before émdagdtimization

. Cy ACqy C AC G/Cy AC/Cy Volume
At lack angle of 7 variables Init  Optm Init Optm Init Optm Init Optm Init Optm Init Optm Ini  Optm
3 0.0272 0.0258 -4.91% 0.0808 0.0858 6.09% 2.9750 3.3192 7%1.5.1639 1.700 3
4° 0.0313 0.0303 -3.31% 0.0939 0.0989 5.32% 2.9960 3.2635 %8.92.163 9 1.700 0
5° 0.0361 0.0355 -1.74% 0.1073 0.1114 3.82% 2.9726 3.1409 %b.68.1639 1.7597

had o Optim

=1 3 > Init
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(c) Pressure coefficient of the wall
(a) Before optimization (b) After optimization along the symmetry plane

Figure 3: Comparison of the pressure contours on the syrgmktne before and after optimization

The comparison of the pressure contours on the symmetre jpleiween the initial shape and the optimized shape are
given in Figure 3. The figure on the right gives the pressuedfioient of the wall along the symmetry plane. It can
be found that the pressure distribution on the upper suifag®re uniform after optimization. This indicates that the
optimization works well.
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