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Abstract 
The present paper deals with the aerodynamic and propulsive characterization of a Hypersonic Scramjet 
System, i.e., a payload composed by Launch Vehicle (LV) and a flight demonstrator, the Scramjet Hypersonic 
Experimental Vehicle (SHEV), as part of a research project on experimentation for hypersonic flight and enabling 
technologies for future high-speed transportation systems, co-funded by CIRA and ASI. The winged rocket-
based launch vehicle is conceived to bring at target altitude and velocity the SHEV, posing the challenge of 
designing and testing, at national level, a demonstrator capable of supporting a levelled hypersonic flight thanks 
to the introduction of a scramjet propulsion system. 
Keywords: Scramjet, CFD, Hypersonic, Aerodynamic Database. 

 

1. Introduction 
The activities of the present paper are part of a research project aimed to develop, in the long term, 
a national hypersonic vehicle and related technologies by means of experimentation, in order to pave 
the way to future high-speed transportation systems. The project complements several initiatives 
born in Europe in the last 20 years: the various EU projects dedicated to hypersonic passenger flight 
(LAPCAT I&II, ATLLAS I&II, FAST20XX, HIKARI, HEXAFLY, HEXAFLY-INT, STRATOFLY) and the 
national initiatives that led to the design of prototypes such as, among others, the ZEHST French 
aircraft, developed by MBDA, ASTRIUM and ONERA, or the English SKYLON by Reaction Engines 
Ltd., which despite being more oriented towards supersonic flight and access to space, respectively, 
already included many of the technologies necessary for hypersonic flight. Hypersonic civil transport 
has always had as its weak point the low cruising autonomy, essentially linked to the too high fuel 
consumption. In recent years, a highly integrated design approach between efficient propulsion 
systems and high-lift configurations (LAPCAT-II and STRATOFLY configurations) is enabling the 
trend to be reversed ([1], [2], [3] and [4]). 
 
The study on the Scramjet Hypersonic Experimental Vehicle (SHEV) starts from the experience 
gained thanks to the strong involvement of Italian companies, and CIRA in particular, in the European 
project HEXAFLY-INT (realization of a flight test of a glider without engine for hypersonic flight), and 
previously in the HEXAFLY one, posing the challenge of creating an aircraft capable of supporting a 
levelled hypersonic flight thanks to the introduction of a scramjet propulsion system ([5], [6] and [7]). 
The project is co-funded by the national research programme PRO.R.A. (Programma Nazionale di 
Ricerche Aerospaziali) and the Italian Space Agency (ASI), with the aim of designing a hypersonic 
propelled demonstrator capable of performing a levelled and controlled flight at Mach 6÷8 and an 
altitude of 28÷32 km, in order to realize and test in flight the enabling technologies for future civil 
transport systems at hypersonic speed. 
This paper deals with activities that aim to verify the aerodynamic efficiency (L/D = 3÷4) and the 
aero-propulsive balance (T>D) at Mach = 6÷8 in controlled flight of the demonstrator, and the 
aerodynamic database of the full system (i.e., the payload) composed by the launch vehicle and the 
above-mentioned demonstrator. In particular, the capability of the launch system to bring the 
demonstrator at the required altitude and velocity has to be verified in terms of stability, 
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maneuverability and trimmability. Another important point is the safe releasing of the SHEV vehicle 
by the launch system. For the purpose of verifying the above requirements numerical viscous CFD 
simulations were conducted for both the full system and the demonstrator in the experimental window 
in fuel-off and fuel-on conditions. For the SHEV, in particular, it is important to calculate the values 
of aerodynamic efficiency and air mass flow at the combustor inlet, and the verification of the aero-
propulsive balance (T>D) that requires the development of reacting Hydrogen-Air simulations. 

2. Mission and System Description 
The preliminary mission concept envisages an air-launched solution with a carrier (stage I) capable 
of releasing the payload, composed by the propelled hypersonic demonstrator and the launch vehicle 
equipped with a booster, at a target point in terms of speed and altitude. From here the launch vehicle 
accelerates until it reaches the foreseen trajectory target point in terms of Mach and altitude, where 
the hypersonic propelled demonstrator is released and the scramjet must work for a time of at least 
10 seconds. 
It is therefore possible to identify three mission phases (Figure 1): 
Phase 0: from the release of the payload from the carrier to the release of the demonstrator at the 
target point (Sep1 and Sep2 of Figure 1, respectively);  
Phase 1: Experimental window (≥ 10 s);  
Phase 2: Gliding phase. 
 

 
 

 
Figure 1 - Mission Scenario 

 
The launch vehicle connected to the propelled hypersonic demonstrator is represented in Figure 2. 

 

 
Figure 2 - Payload configuration. 

The configuration of the propelled hypersonic demonstrator is based on the concept of "waverider", 
or a hypersonic vehicle with high aerodynamic efficiency in supersonic regime obtained through the 
exploitation of shock waves that form on the lifting surfaces, a phenomenon known as "compression 
lift". The demonstrator must also include a scramjet air-breathing propulsion system. The concept is 
depicted in Figure 3, and is a heritage of the already studied EU-FP7 HEXAFLY (see refs [5], [6], [7]). 
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Figure 3 - Configuration of the SHEV vehicle. 

 
3. Aerodynamic Database Building and Results 
The AErodynamic Data Base (AEDB) building is the overall procedure that allows to obtain a full and 
integral set of information and/or data that characterize the aerodynamic environment in terms of flow 
field features, global and local forces and pressure distributions over the vehicle surfaces. 
In particular, the main parameters to be defined are: 

‒ Components of aerodynamic forces and moments in function of the main variables 
characterizing the flight, i.e., Mach and Reynolds numbers, angle of attack, angle of sideslip, 
deflection of control surfaces, etc. 

‒ Uncertainties levels to be added to the previous nominal data. 

‒ Surface pressure distributions. 
These data are inputs for several disciplines as flight mechanics, structural analysis, but also in some 
cases for propulsive database building. 
The final and reliable aerodynamic database is foreseen to be obtained by means of both numerical 
and experimental activities.  
This paper focuses on the preliminary study and aerodynamic characterization of the Payload (the 
scramjet hypersonic demonstrator coupled to the launch vehicle), which corresponds to the first phase 
of the mission (Figure 1).  

The activities results are reported in terms of: 
- Numerical aerodynamic database built by means of Inviscid CFD simulations for the Payload 

(LV + SHEV); 

- Control surfaces effect; 

- Trimmability and longitudinal stability based on AEDB preliminary results; 

- Evaluations of some configuration improvements for the LV. 

4. Aerodynamic Database 
This section describes the operations performed in order to obtain the Aerodynamic Database (AEDB) 
for the Payload (Figure 2) which will be useful for conducting flight mechanics analyses ([8], [9], [10], 
[11], [12] and [13]). The aerodynamic database is provided as a function of Mach number (M∞), angle 
of attack (α) and the elevon deflections (δe). However, the analysis does not consider the effect of 
sideslip angle (β). The reference quantities are reported in Table 1. The location of the Centre of 
Gravity is strongly variable due to the consumption of the burning solid grain of the booster. 
 

Table 1 - Summary: Reference Quantities. 
Reference Length (Lref) 4.1248 m 

Reference Surface (Sref) 4.7936 m2 
Mass 17000 kg 
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4.1 Payload Clean Configuration 
The calculation of the aerodynamic coefficients for the clean configuration of the Payload has been 
obtained by means of inviscid CFD simulations. The simulations have been carried out with using the 
commercial code ANSYS FLUENT®. Each solution is assumed to be convergent when the residuals 
drop more than three orders of magnitude, and the aerodynamic coefficients reach a constant value. 
The reference quantities (Table 1) considered for these calculations are the same already used for 
the SHEV, in order to obtain aerodynamic coefficients that are easily comparable with those already 
calculated for the demonstrator. 
The full AEDB has been evaluated on two different meshes for subsonic and supersonic conditions 
in order to impose properly the far field conditions in all the directions.  
The computational grids (Figure 4) have been generated using the ICEMCFD® software. The 
unstructured grids have about 7 million cells (for half configuration).  

 

   

 
Figure 4 - Calculation grid for Payload inviscid simulations. 

In addition, an adaptive mesh based on a density gradient criterion was employed in some regions 
(Figure 5), in order to capture the shock wave in the divergent nozzle of the SHEV when the 
asymptotic Mach number is not high enough (0.5 < M∞ < 1.2), and the curved shock that forms on the 
shaped cone of the Launch Vehicle.  
 

 
Figure 5 - Example of Adaptive mesh on FLS for M = 3.5. 

The Payload aerodynamic coefficients as a function of Mach number and AoA are summarized in 
Figure 6 and in Figure 7. 
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Figure 6 - Aerodynamic coefficients as a function of Mach number, varying AoA. 

 
Figure 7 - Aerodynamic coefficients as a function of AoA, varying Mach number. 
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It is important to notice that the pitching moment coefficients displayed in Figure 6 and in Figure 7 are 
calculated with respect to the SHEV nose (X = Y = Z = 0 m). The coefficients reported in these figures 
are representative of the AEDB and characterize the aerodynamics of the LV taking into account the 
approximations made. Despite the complexity of the system, no particularly relevant characteristics 
emerge, except for transonic conditions where the coefficients undergo strong variations (as 
expected). For what concerns the LV, the CoG is varying over time due to the burning of the solid 
propellant, therefore it is not possible to evaluate its longitudinal stability without an in-depth mission 
analysis. Despite this, for illustrative purposes, Figure 8 shows the 𝐶𝐶𝑀𝑀 relative the CoG position 
estimated at the moment of ignition of the solid propellant (x = 8.875 m behind the SHEV nose). 

 

 
Figure 8 - Pitching moment coefficient relative to CoG, as a function of AoA, varying Mach number. 

As shown in Figure 8, the unstable nature of the Payload configuration clearly emerges due to the 
positive derivative of the pitching moment coefficient computed with respect to the CoG. However, it 
must be taken into consideration that the slope of these curves will vary over time due to the shifting 
of the CoG. 
Then, assuming a linear variation of the Mach number with increasing altitude, it was possible to apply 
a viscous correction [10] to the drag coefficient (Figure 9). In this way it is possible to take into account 
the increase in drag due to viscosity. 

 
Figure 9 - Comparison between inviscid drag coefficient (solid lines) and viscous drag coefficient 

(dashed line) as a function of Mach number. 

From the CFD simulations carried out, it was observed that the presence of the LV behind the SHEV 
during the launch ascent trajectory causes a shock wave inside the nozzle of the SHEV itself. This 
effect is felt up to 𝑀𝑀∞ = 5; once this Mach number is exceeded, the increase in pressure caused by 
the shaped cone is unable to rise back inside the nozzle, which is then able to eject out the normal 
shock in the nozzle. 
The impact of the presence of LV is showed in Figure 10 for 𝑀𝑀∞ = 3.5. 
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Figure 10 - Mach number contours for the SHEV for 𝑀𝑀∞ = 3.5 with LV (left) and without LV (right). 

This effect can also be described by comparing the lumped aerodynamic coefficients of the SHEV, 
when the LV is present and when it is not present (see Figure 11). As expected, exceeding 𝑀𝑀∞ = 5, 
they coincide: SHEV can’t be influenced by the presence of LV because the flow field is supersonic, 
therefore the pressure disturbances caused by LV itself cannot propagate upstream.  

 
Figure 11 - SHEV aerodynamic coefficients, with LV (blue line) and without LV (red line). 

It is also interesting to note that for low Mach numbers, the increase in pressure on the LV cone 
induces a negative drag coefficient (therefore thrusting) on the SHEV. 

 
4.2 Control Surfaces Effect 
This section describes the aerodynamic analysis in terms of the variation of aerodynamic coefficients 
evaluated along the wind axis, i.e., the lift coefficient (𝐶𝐶𝐿𝐿), drag coefficient (𝐶𝐶𝐷𝐷), and pitching moment 
coefficient (𝐶𝐶𝑀𝑀) versus the control surface deflection (i.e. the elevons). The impact of elevon’s 
deflection on aerodynamic coefficients has been evaluated for SHEV, and then scaled for LV, as it 
will be seen below. The SHEV aerodatabase with deflected control surfaces is reported hereinafter.  
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The variation of the aerodynamic coefficients is assessed as the difference between the aerodynamic 
coefficients of the configuration evaluated with deflected elevon and the coefficients evaluated with 
the undeflected elevon, i.e., considering the pitching moment coefficient as: 

∆𝑪𝑪𝑴𝑴(𝜹𝜹𝒆𝒆) =  𝐶𝐶𝑀𝑀𝛿𝛿𝑒𝑒
−  𝐶𝐶𝑀𝑀𝛿𝛿𝑒𝑒=0

(1) 

In order to calculate data for elevon’s effect, a simplified configuration constituted by the wing and the 
elevon has been considered (Figure 12), and CFD simulations have been performed with the inviscid 
flow hypothesis. 
The following ranges have been analyzed to generate the longitudinal aerodynamic data sets: 

• 0.6 ≤ 𝑀𝑀∞ ≤ 7.35 
• -6° ≤ 𝛼𝛼 ≤ 10° 
• -20° ≤ 𝛿𝛿𝑒𝑒 ≤ 10° 

As an example, the Pitching Moment Coefficient of the flapped wing is reported in Figure 13 for some 
Mach numbers, varying the AoA and the elevon deflection. 
 

 
Figure 12 - Grid for a stand-alone wing with a deflected elevon. 

 
Figure 13 - Effect of Flap Deflection on Pitching Moment Coefficient for different Mach numbers. 
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The wing of the LV (with its elevon) is an upscaled version of the SHEV’s wing, thus allowing us to 
assume that the effect of the elevon of the LV is the same of the SHEV’s elevon (previously 
calculated), of course properly upscaled. In reality, this is not accurately valid due to energy loss 
through the curved shock on the shaped cone, but this hypothesis is reasonably acceptable in the 
current stage of the project. 
The aerodynamic coefficients of the forces (∆𝑪𝑪𝑳𝑳 and ∆𝑪𝑪𝑫𝑫), have been simply scaled by means of 
elevons wet surface ratio (this ratio is about 3.95): 

∆𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 =  ∆𝐶𝐶𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ∙
𝑆𝑆𝐿𝐿𝐿𝐿
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

(2) 

 
∆𝐶𝐶𝐷𝐷𝐿𝐿𝐿𝐿 =  ∆𝐶𝐶𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ∙

𝑆𝑆𝐿𝐿𝐿𝐿
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 (3) 

 
Instead, the pitching moment coefficient has been scaled by means of the same surfaces’ ratio, and 
also the ratio between the respective distances from the SHEV nose: 

 

∆𝐶𝐶𝑀𝑀𝐿𝐿𝐿𝐿 =  ∆𝐶𝐶𝑀𝑀𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ∙
𝑆𝑆𝐿𝐿𝐿𝐿
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

∙
𝑑𝑑𝐿𝐿𝐿𝐿
𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 (4) 

 
The distances “d” should be evaluated from the SHEV nose to each elevon’s pressure center: for 
simplicity purpose, the geometric center of elevons has been considered (the ratio of distances is 
about 3). 
For illustrative purposes, the results for M = 7.35, 1.05 and 0.6 are reported in Figure 14 and Figure 
15 (note that the pitching moments are computed with respect to the SHEV nose). The effect of the 
deflection of the elevon in both directions (+10 deg, -20 deg) is reported in Figure 16 for M = 7.35 
varying the AoA. Finally, the impact of the deflection of the elevon in both directions is also reported 
for AoA = 6° varying the Mach number in Figure 17. 

 

 
Figure 14 - ∆𝐶𝐶𝑀𝑀 curves respectively for 𝑀𝑀 =  7.35, 𝑀𝑀 =  1.05, 𝑀𝑀 =  0.6.  
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Figure 15 - ∆𝐶𝐶𝐿𝐿 curves respectively for 𝑀𝑀 =  7.35, 𝑀𝑀 =  1.05, 𝑀𝑀 =  0.6. 

 
Figure 16 – Effect of elevon deflection on aerodynamic coefficients for 𝑀𝑀 =  7.35. 



LAUNCH SYSTEM ASSESSMENT OF AN EXPERIMENTAL HYPERSONIC SCRAMJET VEHICLE 

11 

 

 

 
Figure 17 - Effect of elevon deflection on aerodynamic coefficients for AoA = 6°. 

 
5. Trimmability and Stability 
Starting from the AEDB, it is possible to verify the trimmability and stability of the Payload configuration 
under certain assumptions. 
Assuming the thrust trend of the Orion 50 ST ([14] and [15]) and considering also the possible use of 
the rocket with thrust vectoring (TV) control (±5°), a constant flight path angle (FPA = 12°), and the 
variation of the mass over the time (varying due to the burning of solid propellant, as shown in Figure 
18), it is therefore possible to perform a preliminary check on flyability of the Payload. 

 
Figure 18 - Mass, CoG and longitudinal inertia variation over the time for Payload. 
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5.1 Trimmability 
Starting from the release of the payload from the carrier (M ≈ 0.6, altitude ≈ 13 Km, Sep1 in Figure 1), 
knowing the aerodynamic characteristics of the payload as a function of M, AoA and δe, and 
considering the assumptions done in the previous section, it is possible to make a preliminary check 
of the Payload trimmability. It is possible to do that for each Mach number, finding the couples of AoA 
and δe that trim the Payload (root of the following system of equations): 
 

�𝑚𝑚𝑚𝑚
𝑑𝑑𝛾𝛾
𝑑𝑑𝑑𝑑

= 𝑇𝑇 ∙ sin(𝛼𝛼 + 𝜀𝜀𝑇𝑇) + 𝐿𝐿(𝑀𝑀,𝛼𝛼, 𝛿𝛿𝑒𝑒) −𝑊𝑊 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛾𝛾

𝑀𝑀𝐴𝐴(𝑀𝑀,𝛼𝛼, 𝛿𝛿𝑒𝑒) + 𝑀𝑀𝑇𝑇 = 0 
 (5) 

 
The two equations of the system are coupled, and their solution allow us to get the AoA and elevon 
for known conditions. Then, it is possible to update the Mach number and the altitude by solving the 
following equations: 
 

𝑚𝑚
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

  = 𝑇𝑇 ∙ cos(𝛼𝛼 + 𝜀𝜀𝑇𝑇) − 𝐷𝐷(𝑀𝑀,𝛼𝛼, 𝛿𝛿𝑒𝑒) −𝑊𝑊 ∙ sin 𝛾𝛾 (6) 
𝑑𝑑ℎ
𝑑𝑑𝑑𝑑

= 𝑉𝑉 ∙ sin𝛾𝛾  (7) 

 
Eq. 7 represents the update of altitude over the time, useful to calculate the dynamic pressure 
(International Standard Atmosphere model has been assumed). The thrust vectoring angle has been 
assumed variable in order to guarantee a trimming condition for each Mach number.  

 

Figure 19 - Payload trimmed conditions for each timestep. 
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Figure 20 – Elevon deflection and Thrust vectoring to guarantee payload trimmed conditions for each 
timestep. 

The preliminary results shown in Figure 19 and Figure 20 allow us make some considerations: 

1. With the assumptions made, the altitude and Mach number for the demonstrator test can be 
reached; 

2. For low Mach number, a very high AoA should be considered to obtain a trimmed condition, 
due to the dynamic pressure still too low; 

3. For each flight condition, an AoA exists that trims the Payload (however, it depends on 𝛾𝛾(𝑡𝑡) and 
𝜀𝜀𝑇𝑇(𝑡𝑡)); 

4. The final altitude is depending on 𝛾𝛾(𝑡𝑡). The shown trajectory brings to an altitude greater than 
30 Km. However, modifying 𝛾𝛾(𝑡𝑡) does not impact significantly the final Mach number; 

5. It must be considered that a constant 𝛾𝛾(𝑡𝑡) has been used in previous equations. A non-constant 
𝛾𝛾(𝑡𝑡) will cause a centrifugal force, changing the AoA of trim. For example, a pull-down 
manoeuvre ( 𝑑𝑑𝑑𝑑(𝑡𝑡)

𝑑𝑑𝑑𝑑
< 0 ) causes a centrifugal force that adds to the lift: for the trim, a minor AoA 

would be necessary. 
 

5.2 Longitudinal Stability 
Now, it is possible to verify the stability condition for the LV. In order to have a stable vehicle, the 
centre of gravity must stay ahead of the centre of pressure (Cp). The centre of pressure can be defined 
as: 

𝑋𝑋𝑐𝑐𝑐𝑐 = −
𝐶𝐶𝑚𝑚
𝐶𝐶𝑧𝑧

∙ 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 (8) 

where 𝐶𝐶𝑚𝑚 is the pitching moment coefficient with respect to the nose of the SHEV. This is reasonably 
true when 𝐶𝐶𝑧𝑧 ≠ 0. The coefficients are relative to the clean configuration (𝛿𝛿𝑒𝑒 = 0°). 
 
From Figure 21 it seems clear that the Payload is not longitudinally stable, with the considered 
assumptions. This can be explained by considering that the presence of the SHEV ahead of the 
Launch System contributes greatly to the forward positioning of the center of pressure. It immediately 
becomes clear that it is not possible to move the CoG forward as too much ballast would have to be 
added and the structure would become too heavy.  
Another way, that of moving the Payload centre of pressure backwards, seems to be more feasible, 
although it involves some changes of the geometry: a possibility is to shift back the wing, otherwise 
is possible to substitute the upper Vertical tail with two V-Tails. 
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Figure 21 - Comparison between CoG and Cp. 

5.2.1 Configuration Changes to improve Longitudinal Stability 
A trade off was made between three different configurations:  
1. Wing shifted backwards up to the LV base (about 1.4 m); 
2. Upper Vertical tail substituted by two V-Tails (rotated by 60° with respect to the symmetry plane); 
3. Both modifications. 

 
For illustrative purposes, only the third configuration is reported in Figure 22. 
 

 
Figure 22 - LV+SHEV configuration with shifted wing and V-tails added. 

 
The effects of these geometry modifications are preliminarily and simply evaluated by the principle of   
superposition.  

 
To get an idea of how stabilizing is the backwards shifted wing, it was assumed that the lift and drag 
coefficients of the insulated wing are the same, but that only the moment coefficient had changed due 
to the shift along X axis of the wing’s pressure centre. 

  The new pitching moment coefficient has been evaluated as following: 
 

𝐶𝐶𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁
= 𝐶𝐶𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ∙

𝑋𝑋𝑐𝑐𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + Δs
𝑋𝑋𝑐𝑐𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

  (9) 

  
 
where Δs is wing’s translation (about 1.4 m has been considered).  
An AEDB for the isolated V-Tail only has been computed, as a function of Mach and AoA. For subsonic 
and transonic conditions, CFD simulations were carried out. For supersonic conditions, the  
shock-expansion method has been implemented to evaluate the aerodynamic coefficients, 
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considering the different entropy levels due to the upstream curved shock. 
Then, the aerodynamic coefficients have been simply summed to the ones of the old AEDB. 
 
In order to get a longitudinally stable LV for each Mach number, both of these improvements were 
necessary. By simply modifying the AEDB with the method just mentioned, new trimmability conditions 
were found and the conditions for stability for each Mach number were reassessed. Figure 23 shows 
that with these hypotheses, the pressure center is positioned behind the center of gravity, thus 
obtaining a longitudinally stable configuration. 
 

 
Figure 23 - Comparison between pressure center and center of gravity for the new configuration. 

Figure 24 shows for some Mach numbers that the Pressure Centre is always located behind the 
Centre of Gravity, also varying the AoA: 

 

 
Figure 24 - Xcp and CoG positions VS AoA for some different Mach number. 
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However, it should be noticed that this analysis is given by a simple superposition principle, and it 
was therefore not possible to take into account the effects of the downwash, or the finiteness of the 
wing for the V-tail in supersonic conditions (the coefficients were calculated with shock-expansion 
method). In order to prove the actual improvement of this new configuration, new CFD calculations 
were performed for two specific AoAs (one high and one low). The calculations were also made on 
the configuration with the vertical tail (configuration 1), to quantify the improvement due to the addition 
of a tail. 
 

 
Figure 25 - Pressure Center VS Center of Gravity for AoA = -6° (left) and AoA = 10° (right). 

As shown previously in Figure 20, in the first half of trajectory we expect to have a high AoA, while in 
the second half a low AoA is expected. Furthermore, a pull-up maneuver is expected in the first half 
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

> 0 causing the necessity of a higher AoA for trim. Vice versa for the second half of the trajectory: 
we expect therefore a lower AoA (even a negative one).  
This observation is useful for analysing the results in Figure 25. In fact, for a low AoA (left figure) the 
pressure center is almost near the center of gravity for high Mach number. Instead, for low Mach 
number must be considered the right figure: it shows a large static stability margin. 
The presence of V-Tail is necessary for the second part of trajectory, when you have an high Mach 
number and low AoA (left figure). 
 
The improvements brought by the configuration with shifted wing and V-Tail, seem to allow a 
longitudinal stability for almost all the trajectory hypothesized, increasing the reliability of the mission. 
A new full AEDB will be generated by CFD calculations, in order to allow a deeper flight mechanics 
analysis. 

6. Conclusions 
This paper reports the first results of the AEDB characterization for the Launch Vehicle obtained 
mainly from inviscid CFD simulations (Figure 6 and Figure 7) and a viscous correction (Figure 9). 
Then, a preliminary study on longitudinal stability and trimmability has been reported. 
The main results can be summarized as follows: 

• The payload (SHEV + LV) has been characterized from the aerodynamic point of view; 
• The effect of elevon has been evaluated by means of inviscid CFD calculations, producing an 

AEDB, useful for conducting a preliminary flyability analysis (Figure 14 and Figure 15); 
• The trajectory analysis has shown the ability to perform the mission for what concerns 

trimmability all over the range of Mach. This configuration can’t allow longitudinal stability 
(Figure 19 and Figure 20); 

• New configurations have been evaluated by means of simplified methods, in order to 
guarantee a longitudinally stable behavior, shifting the wing behind and adding two V-Tail 
upward (Figure 22); 
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• The AEDB of the Payload (new configurations with and without V-Tails) has been evaluated 
by CFD in some points of interest, in order to prove the improvements (Figure 25). 

 
For the full payload, future activities will involve a check on lateral-directional stability. Additionally, a 
dedicated interface system between SHEV and LV will be studied, which has not been considered so 
far. After these activities, a new AEDB will be produced for the entire payload. 
Although it has not been elaborated in this paper, activities on the SHEV are also underway in parallel. 
In particular, a study is being conducted to assess the impact of the equivalence ratio on thrust. 
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