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In the present study, the prime attention is to numerically simulate the surface pressure 
distribution over the slant length of the cone at the various Mach numbers and for the 
considerable range of semi-cone angles. The Computational Fluid Dynamics (CFD) 
analysis is used to simulate the surface pressure distribution numerically. The 
hypersonic Mach numbers, semi-cone angle, and various locations along the slant 
length of a cone are considered parameters for this research work. The Mach numbers 
(M) considered for the research work are 5, 7, 9, 11, 13, and 15. The cone angle (θ) from 
5° to 25° is considered. The results of pressure (P/Pa) are recorded at various locations 
(x/L) along the slant length of the cone as 0.1 to 1. The pressure distribution results are 
obtained by CFD analysis and compared with the analytical results available in the 
literature for Mach number 5. The findings obtained by CFD analysis and analytical 
results show good agreement. In this investigation, it is observed that the Mach 
number, cone angle, and slant length of the cone are the highly influential parameters 
for the surface pressure distribution. The pressure distribution over the slant length of 
the cone increases with an increase in the Mach number and the semi-cone angle. 
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1. Introduction 
 

The study of supersonic and hypersonic flow regimes is a complete and vital part of the domain 
of space investigation. Some of the crucial areas of research include space science, long-range 
weapons, and space vehicles. The concept similarity rule in the case of irrotational and unsteady 
hypersonic flow was first derived by Tisen [1]. It is applied to the large scale of Mach numbers. The 
results obtained by him show good agreement with the experimental results. The unsteady flow with 
high Mach numbers over a thin aerofoil was studied by Hayes [2]. The unsteady hypersonic flow using 
the tangent-wedge approximation method and shock expansion theory was studied by Zartarian et 
al., [3]. Carrier [4] obtained the exact solution in the two-dimensional flow of an oscillating wedge 
when the shock wave is attached. Hui [5] studied and extract a solution that is used for all supersonic 
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Mach numbers and wedge angles constantly for the attached shock wave of an oscillating flat plate 
with a two-dimensional flow. Hui et al., [6] studied the unsteady hypersonic flow in the case of a 
wedge when the shock wave is attached. Hui [5] studied and extract a solution that is used for all 
supersonic Mach numbers and wedge angles constantly for the attached shock wave of an oscillating 
flat plate with a two-dimensional flow. Hui et al., [6] studied the unsteady hypersonic flow in the case 
of detached shock wave.  

Oscillating delta wings with attached shock waves have been studied by Lui et al., [7]. The concept 
of an oscillating airfoil in pitch at a wide range of Mach numbers and unsteady piston theory was 
revealed by Light Hill [8]. The large incidence two-dimensional hypersonic similitude and piston 
theory was developed by Ghosh et al., [9]. It includes Light Hill’s [8] piston theory and Mile’s Shock 
expansion theory [10]. Ghosh [11] has applied this concept of order of Ø2 where Ø is the angle 
between the plane approximating the windward surface and the attached shock wave. Ghosh [11] 
obtained the similitude for oscillating delta wings for attached shock waves at hypersonic Mach 
number with a high angle of incidence. The variation in surface pressure distribution at the large 
angle of incidence and high Mach numbers in the case of curved leading edge for the delta wing was 
studied by Crasta et al., [12]. Musavir et al., [13] studied the computational and analytical 
investigation of aerodynamic derivatives for the oscillating wedge. The CFD simulation with analytical 
and theoretical validation of various flow parameters for the wedge at supersonic Mach number was 
obtained by Khan et al., [14]. Aerodynamic coefficients at Mach 6 for the blunt body in the idea of 
without and with a spike were studied by Kalimuthu et al., [15]. The effect of trailing edge geometry 
on the aerodynamics of low-speed BWB aerial vehicles was studied by Zuhair et al., [16]. Meng et al., 
[17] studied the double-cone missile by the combined spike and multi-jet. Shaikh et al., [18] studied 
the analytical computational analysis of pressure at the nose of a 2D wedge in high-speed flows. 
Ayesha Shabana et al., [19] studied the stiffness and damping derivatives of an ogive in the limiting 
case of Mach number and specific heat ratio. Computational analysis of pressure distribution over a 
2D wedge in the supersonic and hypersonic flow regimes is studied by Shaikh et al., [20]. 

In the current investigation, the main objective is to obtain surface pressure distribution along 
the slant length of the cone. The CFD analysis results of pressure with various semi-cone angles and 
Mach number are obtained using ANSYS workbench. The CFD analysis along with the parametric 
study using ANSYS are used for analysis. The Mach numbers are considered as 5, 7, 9, 11,13 15, the 
semi-cone angles are considered from the range of 5° to 25°, and the location(x/L) along the slant 
length of the cone is 0.1 to 1. Figure 1 shows the geometry of a cone. 
 

 
Fig. 1. Geometry of cone 
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The expression for pressure ratio at the nose of the cone in the case of bow-attached shock 
obtained by Ghosh [11] is given in Eq. (1). 

 
𝑃

𝑃𝑎
= 1 + 𝛾𝑀𝑝

2 (1 +
1

4
𝜀)                                                                                                                                    (1) 

          
1here, 𝑃 is the pressure; 𝑃𝑎 is the atmospheric pressure; 𝑀𝑃 is piston Mach number of equivalent 
piston. 

 𝜀 , the density ratio and given by Eq. (2). 
 

𝜀 =
2 + (𝛾 − 1)𝑀𝑝

2

2 + (𝛾 + 1)𝑀𝑃
2                                                                                                                                              (2) 

                           
The piston Mach number is given by Eq. (3). 
 

𝑀𝑝  =  𝑀∞  𝑠𝑖𝑛 𝜃𝑐                                                                                                                                                (3) 

           
where  Ɵ𝑐 is the semi-angle of the cone and 𝑀∞ is the free steam Mach number. 

In the case of an oscillating cone, Ghosh [11] is adopted the equilibrium surface of the cone is 
perpendicular to the similitude slab at a distance x1 from the apex. The boat tail helmets can reduce 
drag studied by Pathan et al., [21] and found that the aerodynamic drag reduces when the helmet 
shape is streamlined. Azami et al., [22] explored the experimental research of wall pressure and the 
effect of microjet. The base pressure variation in external and internal flows using CFD analysis is 
studied by Pathan et al., [23] and revealed that the internal and external suddenly expanded flows 
are nearly the same in the base region of the flow field. Khan et al., [24] and Pathan et al., [25-28] 
and Khan et al., [29] have explored and studied the various methods to control base pressure. In 
suddenly expanded flows, the optimization of enlarged duct length was studied by Pathan et al., [30]. 

Based on the literature, it has been found that the surface pressure along the slant length of the 
cone has not been studied. In the present research work, the variation of surface pressure 
distribution along the slant length of the cone has been obtained. It is done by applying various flow 
parameters for the cone to simulate the surface pressure along the slant length of the cone 
numerically by using Computational Fluid Dynamics (CFD) analysis. The numerical solution results so 
obtained for the surface pressure of the cone for the hypersonic Mach Numbers as 5, 7, 9, 11, 13, 15, 
the semi angles of the cone from angles (θ) are from 5° to 25° and for the location(x/L) from 0.1 to 
1.0 along the slant length of the cone.  

 
2. Methodology  
2.1 CFD Analysis 
 

For the analysis, the Computational Fluid Dynamics (CFD) analysis is applied using the Academic 
licensed ANSYS Workbench and Fluent. Using ANSYS workbench the meshing and modeling are 
completed and for the analysis and post-processing, ANSYS Fluent was used. To obtain the correct 
and precise numerical results, the structured mesh is used [31-43]. The Mach numbers span interval 
taken into the account as 5.0, 7.0, 9.0, 10.0, and 15.0 for the analysis together with semi-cone angles 
as 5°, 10°, 15°, 20° and 25°. The combination of all potential parameters is considered for CFD analysis 
for weak solutions where the shock wave is attached. 
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2.1.1 Modelling 
 

All the axisymmetric geometries by varying the cone angle are modeled by using ANSYS design 
Modeler. The geometry of the cone and enclosure are shown in Figure 2. All the geometries are 
accounting for the different cone angles as 5°, 10°, 15°, 20° and 25°. The enclosure is created for CFD 
analysis with five times the length (L) on the top and bottom sides, three times the length (L) from 
the front side, and five times the length (L) from the backside.  
 

 
Fig. 2. Geometry of 2D axisymmetric cone and enclosure for CFD analysis 

 
2.1.2 Meshing 
 

To finalize the optimal mesh size, the grid independence test was performed before proceeding 
with the meshing. For the semi-cone angle of 15° and Mach number 9, the grid independence test 
was performed with mesh size from the range 0.25 mm to 15 mm.  

Figure 3 exhibits the results of the grid independence test. The results clearly show that the 
results are stable for a mesh element size of 3 mm and the mesh element size of 3 mm can be taken 
into consideration for further CFD analysis. The mesh element size of 1 mm is adopted for better 
accuracy in subsequent CFD analysis. 

Figure 4(a) reveals the 2D axisymmetric meshed model, and the expanded view of the cone 
geometry is shown in Figure 4(b). For the entire meshing, the Hexahedral dominant mesh scheme is 
adopted. 

 

 
Fig. 3. Grid independence test 
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(a)  (b) 

Fig. 4. 2D axisymmetric meshed model (a) Complete Geometry (b) Enlarged view of cone 

 
2.1.3 CFD analysis 
 

The complete CFD analysis is carried out by using the set of all feasible combinations of 
parameters. After setting the boundary conditions the solution is initialized and it runs for a minimum 
of 10000 iterations.  In several cases, the solution is converged within 1000 iterations.   

The most common k-epsilon turbulent model is used for the analysis. It involves two additional 
transport equations to show the turbulent properties of the flow. The velocity inlet and pressure 
outlet are specified to define inlet and outflow boundary conditions respectively. The inlet velocity is 
set by calculating the velocity according to the Mach number. At the outlet, the pressure is set to 
zero atmospheric pressure. The method of SIMPLE approach is applied while doing the analysis. The 
density-based problem solver is used for the analysis as the flow is compressible and hypersonic.  

 
2.1.4 Validation of present work with literature 
 

The results which are obtained from the CFD analysis are validated with the available results in 
the literature and displayed in Figure 5. Aysha Shabana et al., [31] have studied and computed the 
pressure of an oscillating cone concerning piston Mach number = 5. Figure 5 indicates an overall 
agreement between the results of pressure variation by analytical study and the present research 
work.  

 

 
Fig. 5. Comparison of Variation of dimensionless 
pressure by the analytical study and by CFD at M = 
5 
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2.2 Results of Pressure Contours 
 

Figure 6 shows the pressure contours for various Mach numbers at the semi-cone angle of the 
cone as 15°. From the obtained results, it can be seen that the Mach cone angle reduces when the 
Mach number increases. 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 
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(f) 

Fig. 6. Contours of static pressure for various Mach numbers at a semi-cone 
angle (θ) 15° (a) M = 5 (b) M = 7 (c) M = 9 (d) M = 11 (e) M = 13 (f) M = 15  

 
3. Results and Discussion 
3.1 Main Effects Mach Number Plots for Dimensionless Static Pressure 
 

For all cases, the mean values of pressure are considered and plotted in Figure 7 which depicts 
the major effect of Mach number on dimensionless static pressure (P/Pa) i.e. the ratio of pressure at 
a point (P) to the atmospheric pressure (Pa) at the nose of the cone. From the obtained results, it is 
observed that the static pressure at the nose of the cone increases with an increase in Mach number. 
 

 
Fig. 7. Main effect of Mach number on pressure at the nose of 
the cone 

 
3.2 Main Effects Semi Cone Angle Plots for Dimensionless Static Pressure 
 

Figure 8 depicts the major effect of the semi-cone angle plot on dimensionless static pressure 
(P/Pa) at the nose of the cone. According to the obtained results, it is clear that as the semi-cone 
angle increases that leads to an increase in the static pressure at the nose of the cone.  
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Fig. 8. Main effect of semi-cone angle on pressure at the nose 
of the cone 

 
3.3 Main Effects of Location along Slant Length of the Cone for Dimensionless Static Pressure 
 

Figure 9 shows the main effect of location (x/L) along the slant length of the cone plots for 
dimensionless static pressure. Based on the obtained results, the static pressure increases from the 
location 0.1 to till 0.9. After location 0.9 the pressure leads to a drop from location 0.9 to 1.0. 
 

 
Fig. 9. Main effect of location along the slant length of the cone 
on pressure at the nose of the cone 

 
3.4 Surface Pressure at Various Locations along the Length of the Cone for a Constant Mach Number. 
 

At a constant Mach number, the CFD analysis results for the pressure over the fraction of the 
slant length of the cone (x/L) have been obtained from the ANSYS software, and the graphs are 
plotted. The dimensionless pressure values are so obtained by dividing the static pressure values by 
atmospheric pressure. 

Figure 10 depicts the change in dimensionless static pressure vs location (x/L) along the slant 
length of the cone at constant Mach number M = 5 for various semi-cone angles. The results clearly 
show that there is a continuous increase in the pressure as the semi-cone angle increases. Also, for 
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all the semi-cone angles, the pressure increases from the location 0.1 to 0.3. The pressure decreases 
from the location 0.3 onwards to 0.6. It is also observed the marginal changes in pressure after the 
location is 0.6 to 1.0 for all the values of semi cone angle. 

 

 
Fig. 10. Variation of dimensionless pressure along 
the slant length (x/L) at M = 5 

 
Figure 11 reveals the variation in dimensionless static pressure Vs. location (x/L) along the slant 

length of the cone at a constant Mach number M = 7 for various semi-cone angles. From the results, 
it is observed that, as the semi-cone angle increase, there is an increase in pressure. It is also seen 
that the pressure increases from the location 0.1 to 0.5 for all the semi-cone angles. The pressure 
decreases from the location 0.5 onwards to 0.7. The marginal variation is observed in the pressure 
after the location 0.7 to 1.0 for all the values of the semi-cone angle. 

 

 
Fig. 11. Variation of dimensionless pressure along the 
slant length (x/L) at M = 7 

 
Figure 12 displays the variation in dimensionless static pressure Vs. location(x/L) along the slant 

length of the cone at constant Mach number M = 9 for various semi-cone angles. From the results, it 
is observed that there is an increase in the pressure continuously along the slant length of the cone 
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for all semi-cone angles of the cone. It is also observed that the pressure increases from the location 
0.1 to 0.7 for all values of the semi-cone angle. Further, the pressure decreases from a location of 0.7 
to 0.9. A slight variation is observed in pressure between the locations 0.9 to 1.0 for all the values of 
semi-cone angles. 

 

 
Fig. 12. Variation of dimensionless pressure along the 
slant length (x/L) at M = 9 

 
Figure 13 displays the variation in dimensionless static pressure Vs. location (x/L) along the slant 

length of the cone at constant Mach number M = 11 for various semi-cone angles. From the results, 
it is observed that there is an increase in pressure continuously along the length of the cone for all 
the values of the semi-cone angle. It is also observed that the pressure increases from the location 
0.1 to till 0.9 for the semi-cone angles ranging from 5° to 20°. For a semi-cone angle of 25° the 
pressure increases from location 0.1 to till 0.8 and then the pressure decreases rapidly from a location 
0.7 to 1.0. A slight variation is observed in pressure between the locations 0.9 and 1.0 for the semi-
cone angle from 5° to 20°. 

 

 
Fig. 13. Variation of dimensionless pressure along the 
slant length (x/L) at M = 11 
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Figure 14 depicts the change in dimensionless static pressure Vs. location(x/L) along the slant 
length of the cone at constant Mach number M = 13 for various semi-cone angles. The results clearly 
show that there is a continuous increase in pressure along the slant length of the cone for all semi-
cone angles of the cone. It is also observed that the pressure increases from a location 0.1 to 1.0 for 
the semi-cone angles ranging between 5° to 20°. For the semi-cone angle of 25° the pressure 
increases from a location 0.1 to till 0.9 and the pressure decreases rapidly from a location 0.9 to 1.0. 
The marginal change in pressure is observed between the locations 0.9 to 1.0 for the angles of 
incidence 5° to 20°. 

 

 
Fig. 14. Variation of dimensionless pressure along 
the slant length (x/L) at M = 13 

 
Figure 15 shows the variation in dimensionless static pressure Vs. location (x/L) along the slant 

length of the cone at constant Mach number M = 15 for various semi-cone angles. The results reveal 
that there is a continuous increase in pressure along the length of the cone for all semi-cone angles 
of the cone. It is also observed that the pressure increases from the location 0.1 to 1 for the semi-
cone angles 5° to 20°. For a semi-cone angle of 25° the pressure increases from location 0.1 to till 0.9 
and the pressure decreases suddenly from a location 0.9 to 1.0.  

 

 
Fig. 15. Variation of dimensionless pressure along 
the slant length (x/L) at M = 15 
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3.5 Surface Pressure at Various Locations along the Slant Length of the Cone at a Constant Semi-Cone 
Angle 
 

At a constant semi-cone angle, the CFD analysis results for the pressure over the various location 
along the slant length (x/L) of the cone have been obtained from the ANSYS software. The 
dimensionless pressure values are so obtained by dividing the static pressure by atmospheric 
pressure. 

Figure 16 shows the variations in dimensionless static pressure Vs. location(x/L) along the slant 
length of the cone at constant semi-cone angle θ = 5° for various Mach numbers. The results reveal 
that there is a continuous increase in pressure along the slant length of the cone from the location 
0.1 to 0.3 for all the Mach numbers. It is also observed that the variation in pressure is significant for 
Mach numbers 13 and 15 at each location along the slant length of the cone. For the Mach numbers 
5, 7, 9, and 11 marginal variations are observed in the pressure along the slant length of the cone 
from the location 0.5 to 1.0. 

 

 
Fig. 16 Variation of dimensionless pressure along 
the slant length (x/L) at θ = 5° 

 
Figure 17 displays the changes in dimensionless static pressure Vs. location (x/L) along the slant 

length of the cone at constant semi-cone angle θ = 10° for various Mach numbers. From the results, 
it is clear that there is a continuous rise in pressure along the slant length of the cone from 0.1 to 0.3 
for all the Mach numbers. It is also seen that the variation in pressure is significant for Mach numbers 
13 and 15 at each location along the slant length of the cone. For the Mach numbers 5, 7, 9, and 11 
marginal variations are observed in the pressure along the slant length of the cone from the location 
0.6 to 1.0. 
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Fig. 17. Variation of dimensionless pressure along 
the slant length (x/L) at θ = 10° 

 
Figure 18 shows the variations in dimensionless static pressure Vs. location (x/L) along the slant 

length of the cone at constant semi-cone angle θ = 15° for various Mach numbers. From the results, 
it is clear that there is a continuous rise in pressure at the location from 0.1 to 0.3 along the slant 
length of the cone for all the Mach numbers. It is also observed that the variation in pressure is 
significant for the Mach numbers 11, 13, and 15 at each location along the slant length of the cone. 
For the Mach numbers, 5, 7, and 9 marginal variations in pressure are observed along the slant length 
of the cone from the location 0.5 to 1.0. 

 

 
Fig. 18. Variation of dimensionless pressure along 
the slant length (x/L) at θ = 15° 

 
Figure 19 reveals the variations in dimensionless static pressure Vs. location (x/L) along the slant 

length of the cone at constant semi-cone angle θ = 20° for various Mach numbers. The results clearly 
show the continuous increase in pressure along the slant length of the cone for all the Mach numbers 
from the location 0.1 to 0.3. It is also observed that the variation in pressure is significant for the 
Mach numbers 11, 13, and 15 at each location along the slant length of the cone. For the Mach 
numbers 5, 7, and 9 marginal variations are observed in the pressure along the slant length of the 
cone from the location 0.5 to 1.0. 
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Fig. 19. Variation of dimensionless pressure along 
the slant length (x/L) at θ = 20° 

 

Figure 20 reveals the variations in dimensionless static pressure Vs. location(x/L) along the slant 
length of the cone at constant semi-cone angle θ = 25° for various Mach numbers. The results clearly 
show the continuous rise along the slant length of the cone for all the Mach numbers from the 
location 0.1 to 0.3. For Mach numbers 9 and 11, the change in pressure is significant from a location 
of 0.1 to 0.7 and pressure gets fluctuated from a location of 0.7 to 1. For Mach numbers 13 and 15, 
the change in pressure is significant from the location 0.1 to 0.9 and pressure is reduced from the 
location 0.9 to 1.0. 

 

 
Fig. 20. Variation of dimensionless pressure along the 
slant length (x/L) at θ = 25° 

 
3.6 The Contour Plot of Dimensionless Pressure Vs Mach Number and Semi-Cone Angle 
 

The contour plot for the dimensionless pressure at the nose of the cone for all the Mach numbers 
and semi-cone angles is shown in Figure 21. It can be observed that the pressure on the nose of the 
cone increases with an increase in the semi-cone angle and Mach number. 
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Fig. 21. Variation of Dimensionless Pressure Vs Mach number and 
semi-cone angle 

 
3.7 The Contour Plot of Dimensionless Pressure Vs Mach Number and Location along the Slant Length 
of the Cone Length 
 

The contour plot for the dimensionless pressure at the nose of the cone for all the Mach numbers 
and locations along the slant length of the cone is shown in Figure 22. It can be observed that the 
pressure along the slant length of the cone initially increases with an increase and then reduces. The 
pressure values along the slant length are higher than the pressure values on the nose. 

 

 
Fig. 22. Variation of Dimensionless Pressure Vs Mach number and 
location along the slant length of the cone 

 
4. Conclusions 
 

The above research work demonstrates its wide range of applications in the field of defense and 
aerospace applications for parameters like Mach number, semi-cone angle, and slant length of the 
cone. Based on the above results it can be concluded that the static pressure increases with the 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 104, Issue 1 (2023) 185-203 

 

201 
 

increase in Mach numbers and the semi-cone angle of the cone. It is also observed that both Mach 
number and semi-cone angle are the influential parameters on the variation of surface pressure. It 
has been found that for the Mach numbers, 5 and 7 with the semi-cone angles 5 and 10 degrees, the 
variation in surface pressure is marginal and for the Mach numbers 9, 11, 13, and 15 with the angle 
of incidence 15°, 20° and 25° the pressure value increases up to the certain length. The results 
obtained by CFD analysis and the analytical results present in the literature show excellent 
agreement. The present investigation gives good results with prominent computational ease. These 
findings are beneficial in the designing stage of aerospace vehicles as the cost involved in the wind 
tunnel test is very high. Hence, in the initial development, these results can be used to improve the 
design of the aerospace vehicle. 
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