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Abstract  

The generation of shock waves is inevitable in 

supersonic cruise which results in the 

generation of wave drag as well as sonic boom 

on the ground. Some innovative concepts as 

supersonic biplane concept and supersonic 

twin-body fuselage concept have been proposed 

in recent to reduce the supersonic wave drag 

dramatically. In this study, the aerodynamic and 

sonic boom performance of innovative 

supersonic transport (SST) wing-body 

configurations is discussed by numerical 

approaches. This study is performed to obtain 

design knowledge for the innovative SST by 

using an optimization method of Kriging 

response surface model and genetic algorithm. 

The wing section shape and body shape of the 

biplane / twin-body model is optimized under 

the conditions of design Mach number of 1.7 

and angle of attack of 2 degrees. The optimized 

results show the tradeoff relationship between 

lift-drag ratio and maximum overpressure of 

sonic boom distribution on the ground. The 

optimization results revealed the important 

points to improve the aerodynamic and sonic 

boom performances of the innovative SST 

configuration. 

1  Introduction 

Supersonic transport “Concorde” has an 

advantage in its cruising speed which 

overwhelms other conventional transports. 

However, Concorde has ended its operations in 

2003 mainly due to its problems of economical 

efficiency and environmental burden. Recently, 

there are many attempts for the realization of 

next generation supersonic transport. One of 

them is to reduce strong shock waves by the 

interference of them. The reduction of shock 

waves will contribute to reduce wave drag and 

sonic boom that are beneficial for low-boom / 

low-drag SST. In this research, supersonic 

biplane concept and supersonic twin-body 

concept are adopted to reduce supersonic wave 

drag. 

      In the supersonic biplane concept, the 

strength of wave drag has been successfully 

reduced by the interference of shock waves 

between the biplanes[1-4]. According to Ref.[1], 

the wave drag at zero lift of the biplane airfoil 

was reduced by nearly 90% compared to an 

equal volume diamond-wedge airfoil in two 

dimensional inviscid simulations.  

      A twin-body fuselage concept[5] has also 

been proposed to reduce the wave drag due to 

the fuselage volume of aircraft. According to 

Ref.[5], over 20% total drag reduction was 

achieved by an optimized twin-body fuselage 

compared with the Sears-Haack (S.H.) single-

body fuselage under the constraint of fixed 

fuselage volume. This has been achieved by 

reducing the interference drag between bodies. 

The S.H. body is well-known as the supersonic 

single-body configuration which has the lowest 

wave drag for specified volume and length[6]. 

      The fusion of the two advanced concepts 

yields an innovative SST configuration which is 

a biplane wing / twin-body fuselage 

configuration. It was proved that the innovative 

wing-body SST configuration was 

aerodynamically effective for the reduction of 

wave drag with a large-sized twin-body (about 

for 400 passengers)[7]. However, the lift-drag 

ratio (L/D) of the 400 passengers model is less 

than 5 while that of Concorde is known to be as 
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about 7~8 (at freestream Mach number M∞ of 

2.0). The one of the major reasons is its larger 

fuselage volume than Concorde[8]. In this study, 

therefore, the biplane wing / twin-body fuselage 

configuration (Fig. 1) is designed with its half-

sized body, and its aerodynamic / sonic boom 

performance is investigated.  

In this research, three design optimization 

problems are solved to obtain design knowledge 

of the innovative SST configuration. The shape 

optimizations are performed to achieve 

successful shock interactions and to improve the 

aerodynamic / sonic boom performance. 

 

 
Fig. 1 Twin-Body Fuselage / Biplane Wing Configuration 

2  Computational Methodologies 

2.1 CFD Approaches 

Three-dimensional supersonic inviscid flows are 

analyzed by an unstructured mesh CFD solver 

of TAS (Tohoku University Aerodynamic 

Simulation)-code[9-10]. Compressible Euler 

equations are solved by a finite-volume cell-

vertex scheme. The numerical flux normal to 

the control volume boundary is computed using 

the approximate Riemann solver of Harten-Lax-

van Leer-Einfelds-Wada (HLLEW)[11]. The 

second-order spatial accuracy is achieved by the 

Unstructured MUSCL (U-MUSCL) approach 
[10,12] with Venkatakrishnan’s limiter[13]. The 

Lower-Upper Symmetric Gauss-Seidel (LU-

SGS) implicit method for unstructured 

meshes[14] is used for the time integration. 

Three-dimensional unstructured meshes are 

generated using the TAS-mesh package, which 

includes surface mesh generation by an 

advancing front approach[15] and tetrahedral 

volume mesh generation by a Delaunay 

approach[16]. The high accuracy of this 

unstructured mesh CFD approach has already 

been confirmed in literature[10]. 

2.2 Sonic Boom Analysis 

The sonic booms on the ground are predicted by 

a nonlinear acoustic propagation solver of 

Xnoise[17-18] which has been developed by Japan 

Aerospace Exploration Agency (JAXA). An 

augmented Burgers equation is numerically 

solved by using the operator splitting method, 

which takes into account the effects of 

nonlinearity, geometrical spreading, 

inhomogeneity of atmosphere, thermo-viscous 

attenuation and molecular vibration relaxation. 

In this approach, initial (input) pressure 

distributions are extracted from CFD solutions 

on the lower side of SST configurations. Then 

the propagation of the pressure distribution to 

the ground is solved by the augmented Burgers 

equation. We investigated the influence of the 

extracted position of the initial pressure 

distribution, which indicated that the extraction 

at two fuselage lengths below was sufficient for 

accurate sonic boom evaluation in this study. 

2.3 Skin Friction Drag Estimation 

In this research, skin friction drags of various 

SST configurations are estimated by introducing 

simple algebraic skin friction models. Assuming 

that the boundary layer along the body is fully 

turbulent, the skin friction drag coefficient can 

be estimated as: 

ref
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where Cf is the averaged turbulent skin friction 

coefficient on the wetted area of the body, and 

Swet and Sref are respectively the wetted area of 

the body and reference area. The skin friction 

coefficient for turbulent boundary layer 

conditions can be calculated by the following 

Prandtl-Schlichting flat-plate skin friction 

formula[19-21]: 
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where Re and M∞ are respectively the Reynolds 

number and freestream Mach number. In this 

research, the Reynolds number is given from the 

cruise condition of Concorde (total length of 

62[m]). Since the speed of sound (a∞) and 

kinematic viscosity (ν∞) at the altitude of 
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18,000[m] are respectively 295.069[m/s] and 

1.1686×10-4[m2/s] according to Ref.[21], the 

Reynolds number for the fuselage body is 

calculated as: 

610266Re 






laM  

(3) 

The Reynolds number for the main wing is 

calculated in the same manner with its mean 

chord length (Re:32.5×106, mean chord 

length:0.122l). The skin friction drag 

coefficients of the fuselage and wing are 

separately estimated with the corresponding 

Reynolds numbers by using Eqs.(1-2). In 

Refs.[1,2,22], predicted friction drags based on 

the algebraic skin friction models are compared 

with those based on viscous CFD computations. 

It has been concluded that the simple algebraic 

skin friction models are reasonably accurate for 

the prediction of friction drag in supersonic 

flows. 

3 Basic Shape Definition 

The section airfoil thickness ratios of the 

Busemann biplane are set to 5% of the chord 

length in both the upper and lower wings. 

Unswept tapered biplane wing configurations 

are designed in this research for three-

dimensional biplane wing. The aspect and taper 

ratios are respectively set to about 7 and 0.25. 

The chord length of the main wing at the root 

section is about l/6. A vertical wingtip plate is 

arranged between the wings to increase the two-

dimensionality of the flow around the biplane 

wing (Fig. 2(2)). The inner side of the wingtip 

plate is a flat plate shape and its outer side has a 

thickness distribution based on the S.H. body 

radius distribution (maximum thickness ratio of 

3.36%). For appropriate shock interactions, the 

vertical distance between the wings is shortened 

at the outer wing by adding a dihedral angle to 

the lower wing. The non-dimensional section 

airfoil shape is same at all span-wise positions. 

      The cross sectional area distribution of the 

twin-body configuration is set to that of S.H. 

body. The volume of the twin-body is set to half 

of the previous 400 passengers model[8]. The 

cross sectional shapes of the twin bodies are 

deformed from circle (conventional S.H. body) 

to ellipse to reduce wing-body parasite drag 

(Fig. 2(3)). In this case, the maximum width of 

a body is about 2.9[m]. Finally, the twin-body / 

biplane wing configuration can be defined as 

Fig. 2(4).  

 

 
Fig. 2 Basic Shape Definition 

4 Shape Optimization 

4.1 Computational Condition 

The aerodynamic performance is discussed at 

design freestream Mach number of 1.7 and 

angle of attack of 2 degrees by using inviscid 

CFD computations. The increment of skin 

friction drag has also been discussed utilizing 

the standard algebraic (turbulent) skin friction 

models based on the wetted areas of SST 

configurations. In the sonic boom propagation 

analyses, standard atmosphere temperature / 

humidity profiles are utilized. The fuselage 

length and the cruise altitude are respectively set 

to 62[m] and 18,000[m], that are given from the 

conditions of Concorde. 

4.2 Optimization Method 

In this study, a surrogate model-based global 

design optimization method is utilized which 

makes use of a Kriging response surface model. 

An ordinary Kriging surrogate model[23-24] is 

used to construct the surrogate models of 

aerodynamic functions in design variables 

space. Firstly, initial sample points are 

generated in the design variables space by a 
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Latin Hypercube Sampling (LHS) method, and 

then these are evaluated by CFD computations. 

By using the information of the initial sample 

points, initial surrogate models are constructed. 

The search of a promising location in the design 

variables space is executed by a real-coded 

multi-objective genetic algorithm[25] on the 

surrogate models. The promising locations are 

explored by the criteria of expected 

improvement (EI)[24]. The function of EI 

expresses a potential for improvement in design 

variables space which considers both estimated 

function value as well as uncertainty of the 

surrogate model. The CFD computations are 

executed for the explored promising locations 

where EI is maximal, and then new surrogate 

models are created by adding its information. 

By the iterative process described above, the 

accuracies of the surrogate models are 

efficiently increased around the promising 

locations in the design variables space. 

4.3 Design Variables Definition 

In this study, three multi-disciplinary design 

optimizations are performed to obtain design 

knowledge for the twin-body / biplane-wing 

configuration. The first is the wing section 

shape optimization with three design variables 

as its fundamental wing shape design. The 

second is the wing section shape optimization 

with twelve design variables as its detailed wing 

shape design. The third is the wing-body shape 

optimization with twenty-four design variables. 

The initial geometry of all optimizations is the 

model defined in section 3. The deformed 

sectional shape of biplane is employed at all 

span positions. The body near the wing is 

deformed by using an unstructured dynamic 

mesh method based on spring analogy[26]. 

4.3.1 Basic Wing Section Shape Optimization 

Three design variables are utilized to modify x 

and z coordinates of the mid-chord apexes of 

the upper and lower wings (Fig. 3(1)), since it is 

assumed that the inner side shapes of biplane 

are important to achieve successful shock 

interactions. This definition enables a constant 

wing volume automatically during the 

optimization process. 

4.3.2 Detailed Wing Section Shape 

Optimization 

The biplane airfoil is expressed by Bezier 

curves (Fig. 3(2)). In addition to the 

deformation of the mid-chord apexes (dv4, dv5, 

dv6 and dv7), other five design variables (dv2, 

dv3, dv8, dv9 and dv12) are set to deform the 

inner side shapes of biplane. The shapes of the 

lower-surface of the lower-wing are considered 

to be important for the pressure waves 

propagating to the ground, which means 

important to improve the sonic boom 

performance. Therefore, two design variables 

(dv10 and dv11) are added to deform the 

biplane shapes. On the other hand, the shapes of 

the upper-surface of the upper-wing are 

considered to be not important for the pressure 

waves propagating to the ground. Therefore, 

only one design variable (dv1) is added to 

control the total section area of the wing. 

4.3.3 Wing-Body Shape Optimization 

Supersonic area rule has also been introduced to 

reduce the wave drag due to the interactions 

between wing-body by smoothing the 

equivalent cross-sectional area distribution 

considering planes inclined at the Mach 

angle[27]. Thus, it is assumed that the definition 

of the body shapes is important to reduce the 

parasite drag. In this research, the body cross-

sectional area distribution is defined as the 

following expression. 
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where l and An are respectively the fuselage 

length and coefficients. θ is the parameter which 

expresses the coordinate x defined as: 

  )0(,cos1
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(5) 

The object expressed only with the term of A1 is 

known as the von Karman ogive body which 

has a sharp angled shape at the one side. The 

object expressed only with the term of A2 is 

known as the Sears-Haack body which has 

sharp angled shapes at the both side. The object 

with the terms of A3 and more is able to express 

complicated shapes. In this study, the body 

shape is expressed with the terms of A2~A7 and 

these coefficients are defined as design 

variables. The inner / outer side shapes of the 
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body are separately defined by the six design 

variables. In addition to these twelve design 

variables for the twin bodies, other 12 design 

variables of Fig. 3(2) are utilized to define the 

biplane wing shape. 

 

 
Fig. 3 Wing Shape Parameterizations 

4.4 Objective Functions & Constraints 

4.4.1 Basic Wing Section Shape Optimization 

The maximization of L/D and the minimization 

of maximum overpressure (Pmax) which is the 

peak pressure value of a propagated pressure 

distribution on ground are the objective 

functions of this problem. The wing volume is 

kept constant automatically in this problem as 

explained in 4.3.1. 

4.4.2 Detailed Wing Section Shape 

Optimization 

The objective functions are the same as 4.4.1. 

Two constraints are given in this optimization. 

A constraint is given on the total sectional area 

of new designed wing (Stotal), which should be 

larger than that of the original Busemann 

biplane wing. The other is given on the sectional 

area of new designed upper wing (Supper), which 

should be larger than the half of the original 

Busemann biplane wing. These are specified 

because very thin airfoils are not realistic 

structurally.  

4.4.3 Wing-Body Shape Optimization 

The maximization of L/D and the minimization 

of A-weighted sound exposure level (LAE)[28] 

which is a metric to express subjective loudness 

of sonic boom are the objective functions of this 

problem. Both of Pmax and LAE are metrics to 

evaluate the sonic boom intensity. In addition to 

the two constraints of 4.4.2, other two 

constraints are given in this optimization. A 

constraint is given on the total volume of new 

designed body (Vbody), which should be larger 

than that of the original Sears-Haack body to 

preserve the space for 200 passengers. The other 

is given on the minimum ellipticity of new 

designed body (Emin), which should be larger 

than the half of the original Sears-Haack body 

in the range of x/l>0.5. This is also because very 

thin bodies are not realistic structurally. The 

objective functions and constraints of the three 

optimization problems are summarized in Table 

1. 

 
Table 1 Objective Functions and Constraints 

 
 

4.5 Results and Discussion 

Fig. 4 shows the performances of obtained 

solutions of the multi-objective low-boom / 

low-drag shape optimizations. The tradeoff 

relationship between L/D and Pmax can be 

observed. The aerodynamic / sonic boom 

performance of representative models is 

summarized in Table 2. It is confirmed that 

better Pareto optimal solutions are obtained with 

larger numbers of design variables. It is also 

confirmed that the aerodynamic performance is 

mainly affected by the wing shape, and the body 

shape only affects the sonic boom performance. 

The schematic sketches of obtained design 

knowledge are summarized in Fig. 5. Those 

details are discussed in the following sections. 

 

 
Fig. 4 Comparison of Optimization Results 
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Table 2 Aerodynamic / Sonic Boom Performance of 

Representative SST Configurations at M∞=1.7 and angle 

of attack of 2 degrees 

 
 

 
Fig. 5 Schematic Sketches of Effects of Representative 

Wing Deformations 

 

4.5.1 Basic Wing Section Shape Optimization 

In this problem, two optimal designs are 

selected for comparison, that are named as 

Max_L/D1 and Min_Pmax1. The Max_L/D1 has 

the highest value of L/D while the Min_Pmax1 

has the lowest value of Pmax. It can be observed 

that the Max_L/D1 has thicker lower-wing than 

the upper-wing (Fig. 6(1)). The thicker lower-

wing leads to strong shock wave at the leading 

edge of the lower-wing. The strong shock wave 

impacts to the upper-wing and leads to higher 

CL at the rear/lower-side of the upper-wing (Fig. 

5(2)). The thinner upper-wing leads to weak 

shock wave at the leading edge of the upper-

wing. The weak shock wave impacts to the 

lower wing and leads to higher CL at the 

rear/upper-side of the lower-wing (Fig. 5(1)). It 

is also confirmed from Fig. 6(2) that the 

Max_L/D1 has the higher CL at 0.5<x/c<0.9 in 

the upper-wing. On the other hand, the strong 

shock wave is reflected at the rear/lower-side of 

the upper-wing and propagates toward the 

ground (Fig. 6(3)). Then, the reflected shock 

wave is merged with shock waves generated 

from the nose of body in the propagation 

process. As a result, Max_L/D1 has larger Pmax 

as shown in Fig. 6(4). 

Since we have used only three design 

variables in this optimization, the distributions 

of objective functions can be visualized in the 

three-dimensional design variables space. The 

response surfaces of L/D and Pmax are visualized 

in Fig. 7. The x, y and z coordinates are 

normalized by the ranges of the design 

variables. It can be observed that L/D is 

increased with larger dv2 while lower Pmax is 

realized with lower dv2. Thus, it is confirmed 

that dv2 (the thickness difference between 

upper/lower-wings) has a significant influence 

on the tradeoff relationship between L/D and 

Pmax. 

 

 
Fig. 6 Results of Basic Wing Section Shape Optimization 

 

 
Fig. 7 Visualizations of Response Surfaces of Objective 

Functions 

 

4.5.2 Detailed Wing Section Shape 

Optimization 

In this problem, two optimal designs are 

selected for comparison, that are named as 

Max_L/D2 and Min_Pmax2. It is confirmed from 

Fig. 8(1) that Max_L/D2 has thicker lower-wing 

than the upper-wing as the design knowledge 
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obtained in 4.5.1. In addition, the Max_L/D2 

has a deformation in the downward direction at 

the trailing edge of the upper-wing (Fig. 5(3)). 

This deformation leads to lower pressure at the 

rear/upper-side of the upper-wing (0.6<x/c<1.0) 

and higher pressure at the rear/lower-side of the 

upper-wing (0.85<x/c<1.0) as shown in Fig. 

8(2). The lower pressure at the upper-side leads 

to increase in CL and the higher pressure at the 

rear/lower-side leads to increase in CL and 

decrease in CDP. Thus, the deformation in the 

downward direction at the trailing edge of the 

upper-wing has a significant influence on L/D.  

The Min_Pmax2 has a deformation in the 

upward direction at the trailing edge of the 

lower-wing. This deformation leads to generate 

a successful waveform pattern of “expansion-

compression” under the wings (Fig. 5(4) and 

Fig. 8(3)). The expansion is generated from the 

rear-side of the lower-wing. The compression is 

the reflected wave from the rear/lower-side of 

the upper-wing. Such shock waves pattern leads 

to suppress the merging of the shock waves 

(Fig. 8(4), 45m<X<50m) in the propagation 

process. As a result, it is confirmed that the 

waveform on the ground has two peaks (Fig. 

8(5)) while the Max_L/D2 has a typical N wave 

distribution. 

 

 
Fig. 8 Results of Detailed Wing Section Shape 

Optimization 

 

 

 

4.5.3 Wing-Body Shape Optimization 

In this problem, three optimal designs are 

selected for comparison, that are named as 

Max_L/D3, Min_LAE3 and Compromise3. The 

Compromise3 is a compromised solution 

selected from the Pareto optimal designs. It is 

confirmed from Fig. 9 that the higher L/D 

solutions have larger thickness difference 

between the upper/lower-wings and the 

deformation in the downward direction at the 

trailing edge of the upper-wing. These 

tendencies are similar with the obtained design 

knowledge of 4.5.1 and 4.5.2. In addition, it is 

confirmed from Fig. 10 that the selected optimal 

models have a same kind of shape deformation 

of inner body (x/l≃0.25). This deformation 

leads to the reduction of the body-body parasite 

drag by successful interactions of shock waves. 

Fig. 11 is the equivalent cross-sectional area 

distributions of the Max_L/D3 and original 

model. It is confirmed that the Max_L/D3 has a 

smoother area distribution than the original 

model. Thus, it is considered that the Max_L/D3 

model introduces the supersonic area rule 

through this optimization which can contribute 

to the reduction of the wing-body parasite drag. 

It is confirmed from Fig. 9(1) that 

Min_LAE3 has the deformation in the upward 

direction at the trailing edge of the lower-wing. 

This deformation is also the obtained design 

knowledge of 4.5.2. In addition, it is confirmed 

from Fig. 10(1) that the Min_LAE3 has a 

characteristic deformation at the nose of body. 

The deformation into a blunt body leads to 

generate strong shock waves at the nose of 

body. Since stronger shock waves propagate 

forward faster, the merging of the shock waves 

can be suppressed by the forward arrangement 

of strong shock waves (Fig. 12(1)). As a result, 

it is confirmed that the waveform on the ground 

has four peaks that are originated from the nose 

of body, reflected from the body (x/l≃0.3), 

generated from the lower-wing and reflected 

from the upper-wing (Fig. 13(1)). 

It is confirmed from Fig. 9 and Fig. 10 that 

the Compromise3 has the characteristic 

deformations about the thickness difference of 

the wings, the trailing edge shapes of the wings, 

the nose of body shape and the inner body 

shapes. This means, in other words, that all 
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obtained design knowledge appears in the 

Compromise3. Thus, the obtained Pareto 

optimal solutions are considered to be designed 

by assembling the obtained design knowledge. 

In Fig. 14, the pressure visualizations around the 

Compromise3 are shown at the flow condition 

of M∞ of 1.7 and angle of attack of 2 degrees. 

We can observe the strong shock waves at the 

nose of body, the successful interactions of 

shock waves, and the waveform pattern of 

“expansion-compression” under the wings. 

 

 
Fig. 9 Sectional Airfoil Shapes 

 

 
Fig. 10 Sectional Body Shapes and CP distribution at z=0 

plane 

 

 
Fig. 11 Equivalent Cross-Sectional Area Distrubtion 

 
Fig. 12 Visualization of Pressure Propagation 

 

 
Fig. 13 Sonic Boom Signature at Ground 

 

 
Fig. 14 Pressure Visualizations of Compromised Solution 

Selected from Pareto Optimal Designs 

5 Concluding Remarks 

In this research, twin-body fuselage / biplane 

wing 200 passengers SST models have been 

discussed. Aerodynamic performance has been 

evaluated by using inviscid CFD computations. 

The skin friction drag has also been considered 

utilizing the standard algebraic (turbulent) skin 

friction models based on the wetted areas of 
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SST configurations. Furthermore, sonic boom 

performance of the innovative SST 

configurations has also been discussed. Three 

design optimizations for wing section shape and 

body shape of the Busemann biplane / twin 

body configuration have been carried out under 

the conditions of M∞ of 1.7 and the angle of 

attack of 2 degrees. These optimizations are 

performed to obtain design knowledge for the 

innovative SST. The maximization of the lift-

drag ratio (L/D) and the minimization of 

maximum overpressure (Pmax) or A-weighed 

sound exposure level (LAE) are the objective 

functions. Pmax and LAE are the same kind of 

metrics to evaluate the sonic boom strength. 

By the low-boom / low-drag design 

optimizations, the tradeoff relationship between 

L/D and Pmax can be observed. It can be 

confirmed that the obtained optimal designs 

have better performance than the original 

model. It is confirmed that better Pareto optimal 

solutions are obtained with larger numbers of 

design variables. Furthermore, we obtained the 

following design knowledge. (1) The lift-drag 

ratio is significantly affected by the thickness 

difference between the upper/lower-wings. (2) 

The pattern of “expansion-compression” in 

pressure waveform is important to reduce sonic 

boom strength. (3) The trailing edge shapes of 

the wings are important for both lift-drag ratio 

and sonic boom strength. (4) The nose shape of 

fuselage is important for the reduction of sonic 

boom strength. (5) The inner body shape is 

important for the reduction of interference drag 

between bodies. (6) It is possible to introduce 

the supersonic area rule in the twin-body / 

biplane-wing configuration. In the best cases, 

one of the obtained optimal designs has 

achieved 7.32 of lift-drag ratio while another 

optimal design has achieved 21.7[Pa] of 

maximum overpressure. 

Our final target performance is 8.0 in L/D 

and 24[Pa] in Pmax at the present fuselage 

volume. These target performance values are 

specified to satisfy twice passenger capacity of 

Concorde, to have better aerodynamic 

performance than Concorde, and to have a 

quarter of Pmax of Concorde. It is said that the 

Concorde's performance is 7 in L/D and 2[psf] 

(96[Pa]) in Pmax
[29]. The optimized model has 

not yet achieved the target performance, i.e. a 

compromised model has 6.23 of L/D and 

27.3[Pa] of Pmax. Although the present 

optimization achieved large improvement in 

L/D, Pmax and LAE, the body shape design 

variables were not yet sufficient to perform 

detailed shape optimization. Since we have 

obtained major design knowledge of the 

innovative SST configuration in this study, the 

survey of the appropriate definition of the 

design variables will be performed. Then, the 

target performances can be realized by reducing 

more the wing-body interference drag and by 

controlling the pressure waveform pattern more 

efficiently. Furthermore, we will also discuss 

about the structural design, flight stability, off-

design performance, and so on for the 

demonstration of its inclusive availability. 
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