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Abstract- Aerospike nozzles are being considered in the development of the Single Stage to Orbit launching vehicles because of 

their prominent features and altitude compensating characteristics. This paper presents the design of aerospike nozzles using 

characteristic method in conjunction with streamline function, and performance study through numerical simulation using 

commercial Computational Fluid Dynamics (CFD) code ANSYS FLUENT. For this purpose nozzles with truncation lengths of 

10%,20%,30% 40%, 50% are choosen, because of the thermal and structural complications in the ideal aerospike nozzle. 

Simulation of the flow is carried out at three different altitude conditions representing Under-expansion, Ideal, and over- 

expansion conditions of the flow. Optimum percentage of the truncation is selected by the comparison of nozzles with different 

lengths of truncation under various altitude parameters. The results show that the flow pattern of the nozzles under different 

altitude conditions are almost similar. The truncated nozzle is found to give optimum performance and it has achieved the 

desired exit Mach number in all the three altitude conditions. 
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I. INTRODUCTION 
 

Ever since jet and rocket propulsion systems have 

emerged, researchers have invented and implemented 

many types of nozzles, mainly to increase the thrust 

performance of nozzles in off-design working conditions. 
Among these various designs, features of the aerospike 

nozzle have attracted researchers since mid-1950s. Many 

theoretical studies of the aerospike nozzle have been 

carried out in 1960s.  

 

In early 1970s, thermal and strength problems of the 

aerospike nozzle and development of more efficient 

methods for fabrication of conventional nozzles led to a 

decline in research activities in this field. Development of 

the nozzle with the capability of producing optimum 

amounts of thrust in wide ranges of altitude has been a 
subject of continuous dedicated efforts within the 

community of rocket propulsion. 

 

II. AEROSPIKE NOZZLE 
 

An aerospike nozzle has a spike in the center of the 

nozzle. Aerospike nozzle can be described as an inverted 
bell nozzle where the flow expands on the outside of the 

nozzle instead of being completely constrained by the 

nozzle walls.  

 

From the throat, the innermost streamlines of the flow 

follow the contours of the spike, gradually being turned in 

the axial direction. Aerospike rocket nozzles are designed 

for consistent performance over a wide range of ambient 

pressures. 

Traditional converging-diverging nozzles have a single 

ambient pressure at which the rocket exhaust gases are 

neither over-expanded nor under-expanded. As the 

operating conditions move away from the design nozzle 

pressure ratio (NPR), a shock or an expansion fan will 

form at the exit plane of the converging-diverging nozzle. 

These result in reductions in the efficiency of the nozzle.  

 

An aerospike nozzle does not have a solid geometry 

defining the outer limits of the flow path in the supersonic 

region of the flow. Instead it allows the exhaust gases to 
expand freely beyond the throat, via the mechanism of a 

Prandtl-Meyer expansion fan. 

  

III. DESIGN METHODOLOGY 
 

Design of the aerospike nozzle mainly refers to the design 
of the central spike and the determination of angle of the 

primary nozzle. Method of characteristics in conjunction 

with the streamline conditions of A.H.Shapiro is used for 

the design of aerospike nozzle contour. A point on the 

characteristic line where it satisfies streamline condition 

will be the point on spike contour. Since the method of 

characteristics solution is based upon a start line slightly 

greater than Mach number equal to one, it is apparent that 

the complete supersonic flow field and the nozzle 

performance is governed by this parameter. 

 

The gas expansion process in the flow field of the plug 
nozzle is assumed to be isentropic, adiabatic, and 

frictionless. The method of characteristics is logically and 

physically applicable for determining pertinent parameters 

throughout the flow field of a supersonic isentropic plug 
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nozzle. Expansion process is determined by the Prandtl 

Meyer expansion function. From Requirements to 

Preliminary Design: Since the cold flow is considered, the 

values of Specific Heat Ratio (γ=1.4), gas constant of 

exhaust (R=287) and chamber temperature (Ti=300K) are 

taken of the values of ideal gas. For every design there has 

to be minimum one parameter will be considered constant 

to determine the other design parameter values. 

 

IV. INTRODUCTION TO CFD 
 

Computational fluid dynamics is a parameter with 

flexibility in nature, to show an exact results of accuracy 

and the measuring the applications. Then the main 

category is to be followed in 3 steps (solver, pre and post 

processor).  

 

In an modern generation it capabilities of empowers 
scientist and engineers they made some numerical 

experiments, in a virtual flow research laboratory ( i.e. 

computer simulations). The fluidization is a area that 

incorporate those the find in approximate results the 

expression of numerical analysis relevant to the numerical 

calculation of partial differential equations, it cannot be 

computed precisely in the progress of physically based on 

model for those development, and the applications of these 

parameters in important problem to find an fluid flow, 

flight dynamics and aerodynamics calculations. 

 
CFD may difficult process in that flow patterns into vision 

process in expensive or it may impossible to study using 

experimental techniques by using wind tunnels(to analyses 

the flow calculations). The results of CFD simulations is 

cannot be completely reliable because the input parameters 

may be comprise too much than appraising parameters or 

imprecision the mathematical model of the problem at 

hand may be inadequate the accuracy of the results is 

inadequate by the available computing power . 

 

1. CFD Methods:  
1.1 Preprocessing: Pre-processing is define a problem 

and to create the geometry it's a computational domain. 

And moreover the preprocessing to find the more 

approach can find in to define a models, Boundary 

conditions, Time scale, Domain definition, and Mesh 

settings. For this computational domain to generate the 

more number of cells for to find the accurate results. 

1.2 Solver: The solver deals with some governing 

equations in the form of incompressible flows or fluid 

flow equations. 

1.3 Post Processing: The post processing deals with 

variables profiles, variables analysis, Results 
interpretations, Evaluation of derived values CAD Model. 

 

2. Ansys Fluent: 

The geometry model is created in given parameters in 

aerospike nozzle .The tool bodies such as surface from 

sketches it may be generated in the form of some 

measurements. And they will split faces in geometry 

model. The properties of the domain such as temperature, 

pressure and fluid properties need to be chosen. 

  

 
Fig 1. Aerospike Nozzle. 

 

3. Mesh Region: 

The geometry model was generated in the form of 

aerospike nozzle.Then the next process in Mesh region the 

Aerospike nozzle was symmetrical laterally. Similarly, the 

mesh region depends upon some conditions .Consequently 

this brings an error in CFX-Pre. A picture below shows the 

mesh which was carried out in this analysis.  

 

Since CFD utilizes meshed as it is more commonly 

referred. The mesh has taken into the size of fine mesh. 

Then the mesh regions has an all set of nodes in the 

domain as taken as to be in starting stage of region. In an 
mesh region also have some independence such as 

skewness and orthogonal qualities. The skewness will be 

in 0.85 to 0.86. 

  

 
Fig 2. Mesh Region. 

 

The wake formation at the end of the plug is studied. The 

formation of wake at the surface of the nozzle may affect 

the thrust production of the nozzle. To overcome this 

problem, the various optimized models of the same 

aerospike nozzle is designed. Various models were 

considered & compared. The Performance of Full length 

& optimized models were compared. 
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4. CFD Setup and Solution: 

 

Table 1. CFD setup. 

 
 

5.  Contours of Aerospike Nozzle: 

 

 
Fig 3. Full spike nozzle for velocity contour. 

 

 
Fig 4. Full spike Nozzle for streamline contour. 

 

6. 10% of Spike Nozzle: 

 

 
Fig 5. 10% spike nozzle for velocity contour. 

 
Fig 6. 10% spike Nozzle for streamline contour. 

 

7. 20% of Spike Nozzle: 

 

 
Fig 7. 20% nozzle for velocity contour. 

 

 
Fig 8. 20% spike Nozzle for streamline contour. 

 

8. 30% of Spike Nozzle: 

 

 
Fig 9. 30% spike nozzle for velocity contour. 
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Fig 10. 30% spike Nozzle for streamline contour.  

 

9. 40% of Spike Nozzle: 

 

 
Fig 11. 40% spike nozzle for velocity contour. 

 

 
Fig 12. 40%spike Nozzle for streamline contour. 

 

10. 50% of Spike Nozzle: 
 

 
Fig 13. 50% spike nozzle for velocity contour. 

 
Fig 14. 50% spike Nozzle for streamline contour. 

 

V. RESULTS 
 

1. Tabulated Results: 

 

Table 2. Calculated Results. 

S.no Truncated 

Nozzle 

Mass 

flow 

rate 

Thrust 

(N) 

Specific 

impulse 

(sec) 

1 Full spike 1.835 180930.80 10050.91 

2 10% 3.207 180696.80 5738.20 

3 20% 2.312 181566.56 8004.22 

4 30% 1.181 175875.55 15174.99 

5 40% 1.731 178373.98 10503.04 

6 50% 1.872 178628.96 9726.950 

 

2. Graph For Spike Nozzle: 
 

 
Fig 15. Graph 1: spike length vs Thrust. 

 

 
Fig 16. Graph 2: Spike length vs Specific Impulse. 
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VI. CONCLUSION 
 

The 40% truncated nozzle produces only a 1.41% lesser 

thrust than the full-length nozzle. And comparatively the 

specific impulse 10% of truncated nozzle is much lesser 

than full spike nozzle. The performance of the truncated 
nozzle will be more effective at higher altitudes. Since, the 

length of the nozzle is very less than the full-length nozzle, 

it produces considerable amount of performance.  

 

These findings are important when it comes to designing 

air and spacecraft since a nozzle with a lighter weight and 

equal performance is more attractive than a heavier nozzle. 

These nozzles need more mass flow rate, We can use the 

base bleed models for high speed rocket engine 

applications. The diameter of the base bleed model can be 

modified based on the speed requirement. Experiments 

can be done for the optimization models and compared 
with the FLUENT results 
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