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Abstract 

This study investigates the aerodynamic drag reduction of a blunt body in hypersonic flow using a combination of sharp 

spikes and counter-flow jets. Blunt bodies, commonly used in hypersonic vehicles, experience high drag and thermal 

loads due to the formation of strong bow shocks at their leading edges. Sharp spikes have been shown to push shock 

waves away from the body surface, while counter-low jets further weaken and displace these shocks by ejecting high-

speed fluid in the opposite direction of the oncoming flow. The combined approach leverages the advantages of 

techniques, potentially offering greater drag reduction and improved thermal management than using either method alone. 

Numerical simulations were conducted using computational fluid dynamics tools to model the flow field around the blunt 

body with varying spike lengths, jet velocities, and flow conditions. In this analysis, air is injected from the tip of a sharp 

spike, with various opposing jet inlet conditions investigated under different pressure ratios. The study focuses on two 

L/D ratios, 0.5 and 0.7. The steady, compressible Navier-Stokes equations are solved using the classic SST (Shear Stress 

Transport) turbulent flow model for a zero angle of attack at Mach 8. The analysis demonstrates that air injection enhances 

the stability of the flow field by reducing flow separation and minimizing pressure oscillations around the blunt body. 

These findings highlight the potential of air injection at the aerospike tip as an effective method for improving the 

aerodynamic performance and stability of blunt bodies in high-speed flight conditions. The results indicated that without 

the jet, a drag of 0.77 was observed for an L/D ratio of 0.5. However, with the use of an air jet, drag reduction was found 

to be 0.116.Results demonstrate that the integration of sharp spikes and counter-flow jets can significantly reduce drag 

and heat flux, making this approach a promising solution for enhancing the performance and safety of hypersonic vehicles. 

The study provides insights into the optimal configuration of spikes and jets to maximize drag reduction and improve 

thermal protection, contributing to the design and development of next-generation hypersonic systems. 

 

1. Introduction 

In recent years, the study of drag reduction for blunt bodies in hypersonic flow has gained considerable attention due to 

its critical applications in aerospace engineering, particularly in the design of re-entry vehicles, hypersonic missiles, and 

space exploration vehicles [1-3]. Hypersonic vehicles encounter severe aerodynamic heating and drag forces, which can 

compromise structural integrity and mission efficiency [4-6]. To mitigate these effects, researchers have explored various 

drag reduction techniques, among which the use of sharp spikes and counter-flow jets have emerged as effective methods 

[7-9]. 

 

1.1 Blunt Body Challenges in Hypersonic Flow 

Blunt bodies are often preferred for hypersonic flight due to their capability to withstand extreme thermal loads. However, 

their design leads to the formation of strong bow shocks at the nose, resulting in high pressure and thermal loads [10-12]. 

This causes increased aerodynamic drag and significant heating, both of which are detrimental to the vehicle's 

performance and structural integrity [13-15]. Understanding the flow characteristics around these bodies and developing 

methods to control the shock wave formation is essential for optimizing the design of hypersonic vehicles [16-18]. 

 

1.2 Sharp Spike Technique 

The concept of using a sharp spike mounted on the nose of a blunt body as a means of drag reduction was proposed in 

the mid-20th century and has since been a subject of extensive research [19-21]. A sharp spike modifies the flow field by 

moving the strong shock wave away from the surface of the blunt body, thereby reducing the pressure gradient and thermal 

flux on the body surface [22-24]. The effectiveness of the spike depends on its geometry, such as length, shape, and the 

angle of attack [25-27]. Numerical studies and experimental investigations have demonstrated that the spike can 

significantly reduce the drag and heat flux experienced by blunt bodies at hypersonic speeds [28-30]. 
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1.3 Counter-flow Jet Technique 

The counter-flow jet technique is a prominent method for reducing drag and controlling heat transfer on blunt bodies in 

hypersonic flow environments. This technique involves the ejection of a high-speed jet of fluid from the nose of a blunt 

body in the direction opposite to the oncoming flow. The interaction between the counter-flow jet and the oncoming 

hypersonic flow weakens and displaces the bow shock, reducing the stagnation pressure and thermal load on the surface 

of the blunt body [41]. As a result, this method offers significant drag reduction and improved thermal protection, which 

are critical for the performance and safety of hypersonic vehicles [42]. Recent advancements in computational fluid 

dynamics (CFD) have allowed for more accurate simulations of counter-flow jet effects, demonstrating their effectiveness 

in various hypersonic flight conditions [43]. Additionally, experimental studies have validated the potential of counter-

flow jets in practical applications, making them a valuable tool for optimizing hypersonic vehicle designs [44]. 

 

1.4 Combined Approach: Sharp Spike and Counter-flow Jet 

The combination of sharp spikes and counter-flow jets for drag reduction in hypersonic flows has emerged as a promising 

area of research in aerospace engineering. Hypersonic vehicles, such as re-entry vehicles and missiles, face significant 

aerodynamic challenges due to high drag and thermal loads caused by strong shock waves around blunt bodies [45, 46]. 

Sharp spikes are effective in modifying the flow field by pushing shock waves away from the surface, thus reducing 

pressure and thermal loads [47]. Counter-flow jets introduce a high-speed jet of fluid in the opposite direction to the 

oncoming hypersonic flow, further weakening and displacing shock waves, which reduces stagnation pressure and 

thermal heating [48]. The combined use of sharp spikes and counter-flow jets leverages the benefits of both techniques, 

achieving superior drag reduction and thermal management compared to using either method alone [49]. Recent 

computational fluid dynamics (CFD) studies and experimental investigations have demonstrated the potential of this 

combined approach to enhance the aerodynamic performance and thermal protection of hypersonic vehicles [50]. 

 

2. Numerical Methodology 

2.1 Governing Equations 

The simulation of the flow dynamics around a blunt body with an aerospike and air injection is based on the Reynolds-

Averaged Navier-Stokes (RANS) equations. These equations are essential for describing compressible fluid flows and 

involve the conservation of mass, momentum, and energy. By averaging the Navier-Stokes equations over time, the 

RANS equations incorporate turbulence effects, allowing for a detailed analysis of the interactions between the blunt 

body, the aero-spike, and the injected air. 

 

Continuity Equation: 

∇. (𝜌𝑣) = 0                                                                        (1) 

Momentum Equation: 

∇. (𝜌𝑣𝑣) = −∇𝑝 + ∇. 𝜇[(∇𝑣) −
2

3
∇. 𝑣𝐼                                                   (2) 

Energy Equation: 

∇. (𝑣(𝜌𝐸 + 𝑝)) = ∇. (𝑘𝑒𝑓𝑓∇𝑇 + (𝜇𝑒𝑓𝑓 [(∇𝑣) −
2

3
∇. 𝑣𝐼] . 𝑣)                               (3) 

 

Where ρ is the density, u is the velocity vector, p is the pressure, μ is the dynamic viscosity, E is the total energy, 𝑘𝑒𝑓𝑓  is 

the thermal conductivity, and T is the temperature. 

 

2.2 k-ω Turbulence Model: 

The k−ω turbulence model is widely used in computational fluid dynamics (CFD) for simulating turbulent flows, 

particularly in scenarios involving complex boundary layer interactions and aerodynamic flows. This model is based on 

solving two additional transport equations: one for the turbulence kinetic energy (k) and one for the specific turbulence 

dissipation rate (ω).  

 

Turbulence Kinetic Energy (k) Equation: 

∇. (𝜌𝑘𝑣) =  𝑃𝑘 − 𝛽∗ × 𝜌𝜔𝑘 + ∇. [(𝜇 + 𝜇𝑘𝜇𝑡)∇𝑘]                                             (4) 

 

Specific Dissipation Rate (ω) Equation: 

∇. (𝜌𝜔𝑣) =  
𝛼

𝑣𝑡
𝑃𝑘 − 𝛽 × 𝜌𝜔2 + ∇. [(𝜇 + 𝜇𝜔𝜇𝑡)∇𝜔]                                              (5) 

Where 𝑃𝑘 is the turbulence kinetic energy, μt is eddy viscosity, and α, β, 𝛽∗, 𝜇𝑘, and 𝜇𝜔 are coefficients . 

2.3 Physical model 

In this study, a 60-degree blunted cone with a sharp spike at the nose region is analyzed, as illustrated in Fig. 1. The model 

comprises two distinct sections: the fore body and the after body. Figure 1 features the configuration of the body with a 

sharp spike for the after body. To optimize computational efficiency, a half-body model was employed for the simulations. 
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The design of the fore body is based on the work of Menezes et al. [51], and the after body geometry is derived from 

Ahmed et al. [52]. 

 

2.4 Boundary conditions 

 

 
Fig.1. the spike geometry                                        Fig.2. Boundary conditions 

 

In this study, the initial conditions for all simulations include a free stream pressure of 219.2 Pa, an air temperature of 

172.4 K, and a Mach number of 8.0, with no angle of attack. The boundary conditions for the computational domain, as 

depicted in Figure 2, are specified as follows: 

 

In this study, the initial conditions for all simulations include a free stream pressure of 219.2 Pa, an air temperature of 

172.4 K, and a Mach number of 8.0, with no angle of attack. The boundary conditions for the computational domain, as 

depicted in Figure 2, are specified as follows: 

 

Table 1: Jet Total Condition 

𝑷𝟎𝒋 (in bar) Pressure Ratio 

2 10.9489 

4 21.8978 

6 32.8467 

8 43.7956 

 

2.5 Grid Independence Test 

To verify grid independence, results from each grid level are compared to ensure that further refinement produces minimal 

changes in the key parameters. This indicates that the final grid configuration achieves a suitable balance between 

computational cost and accuracy. In this study, a grid independence test is performed only for the "no spike" scenario, 

utilizing three grid levels: coarse, medium, and fine, as outlined in Table 2. 

 

Table 2 Grid size and maximum wall y+ value 

Case Grid size Element count y+ 

Coarse 250× 350 70,800 0.5521 

Medium 360 × 450 1,90,200 0.8683 

Fine 500× 600 2,91,000 0.8779 

 

The results, presented in Figure 3, illustrate that the solution is independent of the grid. Analyzing the Cp distribution 

over the blunt wall in Figure 3 reveals that the simulation results stabilize and show no grid dependency when the number 

of elements exceeds 70,800. 
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Fig 3. Grid independency study 

 

2.6 Validation 

To ensure the accuracy of the numerical simulations, results were validated against experimental data and previous 

studies. Key parameters such as pressure distribution drag coefficients, and shock wave patterns were compared. A 

spherical body with a 30 mm radius was tested in a Mach 8 flow without a spike. The bow shock shape and shock stand-

off distance were compared to empirical data, as referenced by Billig. Figure 6 shows that the shock shape predicted by 

the solver aligns well with the empirical data. The solver's predicted shock stand-off distance of 0.0045 meters is very 

close to the Billig value of 0.00457 meters, confirming strong consistency between the simulation results and empirical 

predictions. 

 

 
Fig 4. Comparison of shock shape 

 

2.7 Simulation Setup 

The simulations were conducted using commercial CFD software that employs the RANS equations with the k-ω 

turbulence model. The boundary conditions set were: 

• Inlet: hypersonic flow  

• Outlet: Pressure outlet  

• Wall: No-slip  

• Symmetry: axisymmetric cases. 

Air injection was simulated as a mass flow inlet at the tip of the aerospike, with varying injection angles and pressures to 

examine their effects. The goal was to evaluate the impact of air injection on the aerodynamic performance of a blunt 

body in high-speed flows. Simulations were run until residuals stabilized, as shown in Fig. 5, with results precise to three 

decimal places. 
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Fig.5 Scaled Residual 

 

3. Results 

In this section, the results of the numerical simulations of air injection at the tip of an aero-spike on a blunt body are 

presented and analysed. The results focus on key aerodynamic parameters such as drag reduction, pressure distribution, 

shock wave structure, and flow stability. The study investigates the effects of varying air injection parameters and 

injection pressure. 

 

3.1. Characteristics of the Flow-field 

The coolant air jet released from the tip of the spike significantly influences the behaviour of the shock wave. In 

opposition, the counteracting jet impacts the internal shock wave, leading to changes in its dynamics. In the absence of a 

jet, a streamline extends downstream, halting at the reattachment point, a phenomenon known as the 'dividing streamline.' 

Streamlines above this divider continue downstream, while those below become trapped in a recirculation zone. The 

pressure near the reattachment point increases, largely due to the gradual slowing of the compression wave and the 

progression of the shear layer toward the body. When a jet is introduced in conjunction with the spike, a noticeable 

reduction in shock wave strength is observed. The study of flow unsteadiness and instability is particularly important in 

the context of re-entry vehicles with spikes, making it a key area of interest in hypersonic flow research. 

 

3.2 Drag Reduction 

The simulations demonstrate a significant decrease in drag coefficient with air injection at the aero-spike tip. In the 

baseline scenario without air injection, the drag coefficient is elevated due to a strong bow shock in front of the blunt 

body. Injecting air mitigates the bow shock and lowers pressure drag. Results in Tables 3 and 4 shows that the drag 

coefficient declines with increased jet pressure (2, 4, 6, and 8 bars) and a higher L/D ratio. The greatest reduction in drag 

coefficient, 86.20%, occurs at 8 bars and an L/D ratio of 0.5, compared to a blunt body without any spike or jet injection. 

 

Table 3: Percentage drag reduction for L/D = 0.5 with combined spike and jet. 

 
 

 

 

 

Table 4: Percentage drag reduction for L/D = 0.7 with combined spike and jet. 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1S (2024)  

http://www.veterinaria.org  

Article Received: July 2024; Revised: August 2024; Accepted: September 2024 

 

716 

 
 

These findings indicate that air injection can reduce drag by about 86.20%, depending on the specific parameters of the 

injection. The results show that a shorter spike generally achieves lower drag compared to a longer spike, primarily due 

to the effects of the gas injection. 

 

3.3 Mach and Temperature Contours  

Figures 6 and 7 present Mach and temperature contours for an L/D ratio of 0.5, showing a gradual increase in total jet 

injection pressure. A similar pattern is observed in the contours for L/D = 5.0 at 2, 4, 6, and 8 bar. 

 

 
a) Mach number contour                         b) Total Temperature contour 

Fig.6 Simulation of sharp spiked body with L/D =0.5 opposing jet 2 bar total stream pressure 

 

 
a) Mach number contour                         b) Total Temperature contour 

Fig.6 Simulation of sharp spiked body with L/D=0.7 opposing jet of 2 bar total stream pressure 

 

The findings suggest that air injection can be a viable active flow control technique for future aerospace vehicle designs, 

providing an avenue for improved performance and efficiency in high-speed flight regimes. 

 

4. Conclusions 

A numerical investigation was carried out on a hypersonic re-entry vehicle featuring a 60° blunt body with a base diameter 

of 70 mm and a bluntness ratio of 0.825, at a Mach number of 8. The study explored two distinct and innovative drag 

reduction techniques, combining active and passive methods. The main objective of this investigation was to gain a 

detailed understanding of the combined drag reduction approach, which involves a retractable spike and an opposing jet, 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1S (2024)  

http://www.veterinaria.org  

Article Received: July 2024; Revised: August 2024; Accepted: September 2024 

 

717 

and to evaluate its potential effects on hypersonic re-entry vehicles. The key findings of this study are summarized as 

follows: 

• As the length of the spike increased from 0.5 to 0.7 L/D ratio, the drag coefficient decreased, yielding a reduction of up 

to 14.3%. The significance of the sharp spike's effectiveness was highlighted, particularly for L/D ratios of 0.7 or greater, 

indicating its potential in practical applications. 

• Intriguingly, the combined technique proved most effective for shorter spikes (L/D=0.5), showcasing a substantial drag 

reduction from 64.0% to 86.20% as jet pressure increased from 2 Bar to 8 Bar. 

• Flow-field features were elucidated, with the counter flow jet from the spike's tip influencing shock wave behaviour 

and enhancing drag reduction. The combined effect of the sharp spike and counter flow jet exhibited substantial drag 

reduction of up to 86.20%, underlining the efficacy of the approach in hypersonic flow conditions. 
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