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Abstract: Current air-breathing hypersonic flight( AHF) technology programs are primarily concentrated on developing flight 

test vehicles and functional prototypes that incorporate airframe- integrated scramjet machines. A pivotal aspect of making AHF 

feasible and effective falsehoods in the design of its control systems. still, the unique dynamic characteristics of air- breathing 

hypersonic flight vehicles( AHFVs), combined with the aerodynamic complications at hypersonic pets, pose significant 

challenges for system modeling and regulator development. also, the expansive speed variations during operation and the limited 

vacuity of a comprehensive flight dynamics database introduce substantial misgivings and factory parameter variations, further 

complicating the AHF modeling and control process. In this exploration paper we will study about the Basic dynamic 

characteristics of AHFVs, colorful fine models developed for the flight dynamics of AHFVs and about the hypersonic 

aerodynamics. The important part of computational fluid dynamics in ultramodern hypersonic exploration is underlined. We'll 

also bandied about the computational study on the AHFVs with different anaylsis which include inflow separation, shock 

commerce and etc. 
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I. INTRODUCTION 

We see that aerodynamic research is dominated by the high  Mach number regime generally described as hypersonic .all aspects of  

hypersonic flow are under intensive investigation, ranging from the highly viscous flow associated with re- entry at high altitudes to 

inviscid flow applicable at lower altitude . Many  of these considerations are dominated by chemical reactions  and thermal 

radiations associated with the high temperature shock layer around hypersonic vehicle. Major analytical  study of flow at high speed 

is dominated by the CFD . 

Applications include missiles, launch vehicles and entry bodies. A huge effort has been made developing hypersonic aerodynamics 

methods and configurations. This began with missiles, including the intercontinental ballistic missile (ICBM) effort of the 1950s, 

followed by development work for the Mercury, Gemini and Apollo manned space flight programs. The next major effort was 

devoted to the Space Shuttle. Work on hypersonic for future entry vehicles and landing of vehicles on other planets continues. 

Finally, there is a perennial effort to develop atmospheric hypersonic vehicles. In this research we limit our discussion to the key 

things to know from a configuration aerodynamics viewpoint. Despite the effort to develop hypersonic configurations, there is no 

exact definition defining the start of the hypersonic flow regime.  

Possibilities include:  

1) Mach numbers at which supersonic linear theory fails 

2) Where γ is no longer constant, and we must consider temperature effects on fluid properties. 

3) Mach numbers from 3 - 5, where Mach 3 might be required for blunt bodies causing large disturbances to the flow, and Mach 5 

might be the starting point for more highly streamlined bodies.  

 

A. Hypersonic Flow  

As a general rule, flows with a Mach number (M) greater than 5 are considered to be in hypersonic aerodynamics. However, this is 

only a general guideline; a flow does not "instantly turn from green to red" or experience a "clash of thunder" when it is accelerated 

from M = 4.99 to M = 5.01. Instead, the best way to characterise hypersonic flow is as the region where specific physical flow 

phenomena become increasingly significant as the Mach Number rises. One or more of these phenomena might become significant 

at Mach 3 in some situations, while they might not be persuasive until Mach 7 or higher in others. . The purpose of this section is to 

briefly describe these physical phenomena .  
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1) Thin Shock Layer  

For a given inflow deviation angle, the viscosity increase across a shock surge becomes precipitously larger as the M ach number is 

increased. At advanced viscosity, the mass inflow behind the shock can more fluently “ squeeze through ” lower areas. For inflow 

over a hypersonic body, this means that the distance between the body and the shock surge can be small. The flow field between the 

shock surge and the body is defined as the shock subcaste and for hypersonic pets this shock subcaste can be relatively thin. For 

illustration, consider the Mach 3.6 inflow of a calorically perfect gas with a rate of specific heats, gamma = cp/ cv = 1.4, over a 

wedge of 15o half angle. From standard oblique shock proposition the shock surge angle will be only 18o. still, chemically replying 

goods are included, the shock surge angle will be lower, If high- temperature. easily, this shock subcaste is thin. It's a introductory 

characteristics of hypersonic overflows that shock swells lie near to the body and that the shock subcaste is thin. In turn, this can 

produce some physical complications, similar as the coupling of the shock surge itself with a thick, thick boundary subcaste growing 

from the body face – a problem which becomes important at low Reynolds figures. still, at high Reynolds figures, where the shock 

subcaste is basically inviscid, its predictability can be used to theoretical advantage, leading to a general logical approach called this 

shock- subcaste proposition. In the extreme, a thin shock subcaste approach the fluid dynamic model supposed by Isaac Newton in 

1687; similar Newtonian proposition is simple and straightforward, and is constantly used in hypersonic aerodynamics for 

approximate computations.  

 

2) Entropy Layer 

Consider the wedge shown in figure except now with a blunt nose as shown in figure. At hypersonic Mach number, the shock 

subcaste over the blunt nose is also veritably thin, with a small shock detachment distance, d. In the nose region, the shock surge is 

largely twisted. The entropy of the inflow increases across a shock surge, and stronger the shock, the larger the entropy increase. A 

Streamline passing through the stronger the shock, the larger the entropy increase. A streamline passing through the strong, nearly 

normal portion of the twisted shock near the centerline of the inflow will witness a larger entropy increase than a neighboring 

streamline which passes through a weaker portion of the shock further down from the centerline. Hence, there are strong entropy 

slants generated in the nose region; this entropy subcaste flows downstream and basically wets the body for larger distances from 

the nose as shown in figure 2. The boundary subcaste along the face grows inside this entropy subcaste and is affected by it. Since 

the entropy subcaste is also a region of strong vorticity, this commerce is occasionally called a vorticity commerce. The entropy 

subcaste causes logical problems when we wish to perform a standard boundary subcaste computation on the face, because there's a 

question as to what the proper conditions should be at the external edge of the boundary subcaste. 

                                             
Figure 1: thin hypersonic shock layer (Ref. from hypersonic flow 

By John D. Anderson) 

 
                   Figure2: The entropy layer (Ref. from hypersonic flow 

By John D. Anderson) 
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3) Surface Pressure Estimation 

In numerous cases face pressures are fairly easy to estimate at hypersonic pets. At supersonic speed we've a original relation for 

two- dimensional overflows relating face pitch and pressure, where θ is the face inclination relative to the freestream  

 
still, this relation is not particularly useful for utmost cases in factual aircraft configurations. In comparison, hypersonic rules are 

useful. The most notorious relation is grounded on the generalities of Newton. Although Newton was wrong for low- speed inflow, 

his idea does apply at hypersonic pets. The idea is that the forthcoming inflow can be allowed of as a sluice of patches, that lose all 

their instigation normal to a face when they “ hit ” the face. This leads to the relation  

 
where θ is the angle between the inflow vector and the face. therefore you only need to know the figure of the body locally to 

estimate the original face pressure. Also, patches impact only the portion of the body facing the inflow, as shown in Figure 11- 2. 

The rest of the body is in a “ shadow ”, and the Cp is assumed to be zero. * See Bertin and Cummings1 or Anderson2 for the 

derivate of this and other pressure- pitch rules. 

 
Figure 3. Shadow sketch , showing region where Cp is Zero (from. Hypersonic Aerodynamic ) 

 

Two key observations come from the Newtonian pressure rule. First, the Mach number does not appear! Second, the pressure is 

related to the square of the inclination angle and not linearly as it is in the supersonic formula. This illustrates how the situation in 

hypersonic flow is significantly different than the linear flow models at lower speeds.  

The Newtonian flow model can be refined to improve agreement with data. This form is known as the Modified Newtonian flow 

formula, 

 
 

where the stagnation Cpmax is a function of Mach and γ 

 
and P02 is the recession or total pressure behind a normal shock. This expression gets both the Mach number and rate of specific 

heats back into the problem. The classical Newtonian proposition is actually the limit as M → ∞, and γ → 1. These formulas are 
only valid when θ is positive. There are lots of other original rules, and Anderson’s book2 should be consulted for a more complete 

discussion. These are known as face inclination rules. The styles typically heard in hypersonic conversations include the tangent 

cone, digression wedge and shock expansion styles. There's also a revision to the Newtonian pressure rule to include face curve 

goods. This is known as the Newtonian- Busemann rule. 

 

II. THE COMPUTATIONL STUDY 

Here, we study the computational data  of the hypersonic vehicle at the mach number 5 . In this the flow speed is at mach 5 and the 

vehicle remain stationary .We observe parameter across the vehicle that change by doing the simulation on the solidworks. 

 

A. Inputs  

INPUT DATA 

Mesh 

Global Mesh Settings Automatic initial mesh: On Result resolution level: 4 

Advanced narrow channel refinement: Off 
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B. Geometry Resolution 

Evaluation of minimum gap size: Automatic Evaluation of minimum wall thickness: Automatic 

Computational Domain 

Size 

  

X min -0.050 m 

X max 0.047 m 

Y min -0.032 m 

Y max 0.031 m 

Z min -0.275 m 

Z max 0.113 m 

X size 0.096 m 

Y size 0.063 m 

Z size 0.388 m 

  

C. Boundary Conditions 

  

2D plane flow None 

At X min Default 

At X max Default 

At Y min Default 

At Y max Default 

At Z min Default 

At Z max Default 

 Physical Features  

Fluid Flow: On Conduction: Off 

Structural: Off 

Electromagnetics: Off Time dependent: Off Gravitational effects: On Rotation: Off 

Flow type: Turbulent only High Mach number flow: Off Humidity: Off 

Free surface: Off 

Default roughness: 0 micrometer 

 

D. Gravitational Settings 

 

X component 0 m/s^2 

Y component -9.81 m/s^2 

Z component 0 m/s^2 

  

Default wall conditions: Adiabatic wall 

 

E. Ambient Conditions 

Thermodynamic parameters Static Pressure: 101325.00 Pa Temperature: 293.20 K 

Velocity parameters Velocity vector 

Velocity in X direction: 0 m/s Velocity in Y direction: 0 m/s 

Velocity in Z direction: -1715.000 m/s 
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F. Material Settings 

Fluids 

Air 

Goals 

 

Global Goals 

GG Average Total Pressure 1 

Type Global Goal 

Goal type Total Pressure 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

 

GG Average Temperature (Fluid) 2 

Type Global Goal 

Goal type Temperature (Fluid) 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

  

GG Average Total Temperature 3 

Type Global Goal 

Goal type Total Temperature 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

  

GG Average Mach Number 4 

Type Global Goal 

Goal type Mach Number 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

 

GG Average Turbulent Energy 5 

Type Global Goal 

Goal type Turbulent Energy 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

  

GG Average Heat Flux 6 

Type Global Goal 

Goal type Heat Flux 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 
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 GG Heat Transfer Rate 7 

Type Global Goal 

Goal type Heat Transfer Rate 

Coordinate system Global Coordinate System 

Use in convergence On 

  

GG Friction Force 8 

Type Global Goal 

Goal type Friction Force 

Coordinate system Global Coordinate System 

Use in convergence On 

  

GG Average Shear Stress 9 

Type Global Goal 

Goal type Shear Stress 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

  

G. Calculation Control Options 

Finish Conditions 

Finish Conditions If one is satisfied 

Maximum travels 4.000 

Goals convergence Analysis interval: 0.500 

  

Solver Refinement 

Refinement: Disabled 

Solving  

Results Saving 

Advanced Control Options 

Flow Freezing 

Flow freezing strategy Disabled 

  

H. Engineering Database 

Gases 

Air 

Path: Gases Pre-Defined 
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Specific heat ratio (Cp/Cv): 1.399 Molecular mass: 0.0290 kg/mol Dynamic viscosity 

   

 
Specific heat(Cp) 

 
Thermal conductivity 

 

III. RESULTS 

A. Pressure Variation  

At the beginning the pressure of the airflow is high as it flow over the surface of the aircraft it first decrease and increases as shown 

in fig 3. And fig4.  

 
Figure3 . Pressure variation of flow  
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Figure4. Pressure variation 

 

B. Mach Number 

The mach number is decreases as the airflow  passes through the aircraft .It is shown in figure 5. 

 
Figure 5. Mach number variation  

 

C. Velocity 

The change in velocity is shown by figure 6. 

 
Figure 6. Change in velocity 
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D. Temperature  

As shown in figure 7 and figure 8. The tempurate of the airflow is low as it contact with aircraft it rises. 

 
Figure 7. Temperature variation 

 

 
Figure 8 . Graph of the temperature changes  

 

IV. CONCLUSION  

This computational study on the aerodynamics of hypersonic vehicles provides insight into key flow characteristics at Mach 5, 

including pressure variations, velocity changes, and temperature distributions. The results demonstrate the significance of 

computational fluid dynamics in understanding flow separation, shock interactions, and boundary layer behavior. The findings also 

highlight the role of factors such as entropy layers and thin shock layers in the aerodynamic performance of hypersonic vehicles. 

Future studies can further refine the computational model by incorporating more complex turbulence models and experimental 

validation to enhance accuracy in predicting hypersonic flow behavior. 
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