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Abstract

The purpose of this article is to introduce the performance system design and optimization
method of aerospike nozzle for different aero-space conditions. For this purpose, some of the
important parameters of the aerospike nozzle structure and cold flow condition tests in the nozzle
optimization are studied. Therefore, first the structure of the nozzle and its governing equations and
then the existing structural problems are examined. In this paper, to improve the structural
problems, the aerospike nozzle structure is suggested. In the following, the methods of designing the
aerospike nozzle and its governing equations are described and the proposed design model is
described and important factors are expressed in this type of nozzle. Therefore, the design of a
complete nozzle is made by aerospike and is supported by an existing design sample. Then, in order
to optimize the nozzle, three cuts of 20%, 40% and 60% of the nozzle end are analyzed. The standard
for comparison and optimization in these three sections is Mach number of the exhaust. The results
of this comparison show that the most efficient aerospike nozzle is a 40% truncated nozzle based on
the flow charts and contours of this aerospace nozzle.
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1. Introduction

In recent years, various designs of space launch system
have been studied and tested to increase the performance
and efficiency of Satellite Launch Vehicles (SLV). But the
concept of the aerospike nozzle, one of the most popular
engine nozzles for altitude changes, is currently being
developed and upgraded for use on new SLV. Attention to
this type of nozzle is due to its ability to change the nozzle
output with atmospheric conditions, which can be provided
by presenting aerospike nozzle to perform better than
today's nozzles. In general, these types of nozzles are
designed and tested for better performance than general
nozzles. The purpose of this paper is to provide a
comprehensive method for designing an aerospike nozzle
system using the achievements of the above references and
utilizing the Computational Fluid Dynamics (CFD)
method. In this method, the design constraints are met to
achieve the maximum Mach number and a suitable and
stable output current of the aerospike nozzle. The purpose
of this work is to obtain the maximum number of Mach and
the appropriate and optimal Mach contour at the output of
the aerospike nozzle [1]. For the aerospike nozzle, the next

step is to reduce the length of the nozzle. The amount and
percentage of this work is checked and optimized
according to the Mach number and Mach contour of the
outlet of the tank, which reduces the weight of the structure
and will increase the output power.

2. Aerospike nozzle system design

In this paper, two important design steps are used, the first
step is to design, model and simulate a full-length aerospike
nozzle. Step 2: optimize the truncatedaerospike. At the end
of the process, the outputs of both steps will be available to
the user. Track input data is also information that determines
the basic needs of the designer and the analysis and testing
conditions of the aerospike nozzle for the design. The output
results are validated from the first step by comparing with
the reference results [1] and then the aerospike nozzle is
moved to the next step to optimize the nozzle. The
simulation conditions in the second step are the same as in
the first step, and the results are selected according to the
optimal value of the weight change percentage to the
percentage change of the Mach number and the output flow
contour, and the Mach number diagram on the nozzle wall
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is added to the results. The optimization results are selected
according to the shortening of the nozzle length, which can
include the ratio of different percentages of the original
length

3. Design and modeling of aerospike nozzle

The initial modeling of the aerospike nozzle is done in two
dimensions. In this reference, half of a two-dimensional
nozzle is modeled based on the design diagram obtained by
a simple approximate method. An example of a design for
simulation in fluent software is shown in Figure 1. In order
to present the results with high accuracy and to save time
in the calculations, a symmetrical shape is considered. The
simulation is performed with half of the drawn model.

Figure 1. Aerospike nozzle two-dimensional initial design

4. Analysis of output current from Aerospike

nozzle

In this section, the output flow behavior of the aerospike
nozzle is analyzed. These results are for the initial
investigation of the contour analysis of the outlet Mach,
outlet nozzle and the outflow nozzle line of the outlet
nozzle. The results of Mach contour of the output flow
from the nozzle are shown in Figure 2. To validate and
compare this contour, the reference output results [1] are
shown in Figure 3.

Figure 3. Mach contour in Aerospike nozzle [1]

5. Presenting and evaluating the results of
optimizing the structure of Aerospike nozzle

The purpose of this section is to prove the optimization
effect of aerospike nozzle on the values of thrust force and
its coefficient. The criterion for comparing models in terms
of performance is nozzle length. The parameters
considered for optimization are: 1- Investigating the effect
of shortening the nozzle length with a scale of 20%, 40%
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and 60% of the nozzle length and comparing the effect of
this shortening with the Mach output current from the
nozzle, 2- Impact of creating a central outlet on the
aerospike nozzle: A central outlet for the nozzle with
shortening is considered in the previous step and the results
are investigated and the maximum nozzle output current
Mach is used for optimization. In this study, the optimized
models are first compared. In these models, due to the
shortening of the nozzle with a scale of 20%, 40% and 60%
relative to the dimensions of the full length of the nozzle
have been studied and compared. The second step is to
create a central base output for the aerospike nozzle. Due
to the fact that in a shortened nozzle, the formation of a
wave at the base of the nozzle causes a pressure drop, this
reduces the ability to generate force. Therefore, the amount
of force reduction can be reduced by creating a central
output current from the nozzle. To create the extra current,
it pierced part of the nozzle physics and created the extra
current to reduce the pressure drop. Therefore, it can be
said that the only problem with this type of optimization is
the high output current speed.

6. Conclusion

In this paper, the design, modeling and simulation method
of aerospike nozzle using computational fluid dynamics
method is presented. Therefore, one of the main objectives
of this paper was to investigate the characteristics of the
output current of the aerospike nozzle and to better express
the output current parameters of the nozzle among nozzles
with different shortening scales. After optimizing the full
length of the aerospike nozzle, for better optimization and
greater power efficiency than weight, the nozzle is scaled
to 40% by weight and simulated again, and the results are
compared to Mach number. And are validated. In this
article, we have tried to discuss the design of aerospace
nozzle and its design methods and to examine the design
parameters of the aerospace nozzle. The maximum value
of Mach number on the outer wall of the nozzle is Mach
number 2.5, which is shown in this article as 2.47, and this
result indicates the high accuracy of the proposed
simulation method. Also, the Mach number values in the
aerospike nozzle conditions show full length and 40%
shortened to 3.82 and 3.54, respectively. Therefore, by
shortening the nozzle length, it is possible to create a higher
thrust ratio than the total weight of the nozzle and make its
performance efficiency more effective at high altitudes.
Therefore, by reducing the nozzle length, significant
performance can be expected. These findings will be much
more interesting and important in the design of aircraft or
even aircraft. In other words, using a lower weight nozzle
instead of a heavier nozzle with almost the same
performance will optimize consumption. In the
continuation of this research, the purpose of compiling a
code is to create a graphic menu for easy and simple
communication with the user. The goal in developing this
software is to design, model and simulate a complete
aerospike nozzle that provides the output results in the
form of numbers, graphs and 3D files
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