]anul of Space Sience and Technology

Vol. 16 / Issue 1 /2023 / (No. 55)
Print ISSN: 2008-4560 / Online ISSN: 2423-4516
https://doi.org/10.30699/jsst.2023.1319

OPEN al\CCESS

Pages: 35-46 / Research Paper / Received: 05 December 2020 / Revised: 05 September 2021 / Accepted: 21 September 2021

Journal Homepage: https://jsst.ias.ir

Design and Configuration of Ground Sample
Components of Low Propulsion Monopropellant
Thruster Using Some Engineering Software

Sajjad Davari', Hadiseh Karimaei**

, Mohammad Reza Salimi?

and Hassan Naseh?

1. Researcher, Aerospace Research Institute, Ministry of Science, Research and Technology, Tehran, Iran

2,3,4. Assistant Professor, Aerospace Research Institute, Ministry of Science, Research and Technology,
Tehran, Iran

*Corresponding Author’s E-mail: karimaei@ari.ac.ir

Abstract

In this research, design of the injector, decomposition chamber and nozzle of a 10N
hydrazine monopropellant thruster have been performed. The capillary injector was designed
using Fluent software for this thruster which was able to supply the mass flow rate of the thruster
(5 gr/sec). The decomposition chamber contains catalyst granules and its dimensions were
selected based on the complete decomposition of hydrazine. The nozzle was designed by RPA
software. At the end of the design, the final thruster design and drawings were prepared by
Solidwork software to construct and perform experimental tests.
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1. Introduction

In the design of the previous version of the
monopropellant hydrazine thruster of 10 N [1] by the
authors, a swirl injector with hollow cone spray was
used. But, a capillary injector was used in the new
design in this research. Due to the straight and full
spray, this injector causes a significant reduction in the
diameter of the catalytic chamber, which results in a
reduction in the volume of the expensive iridium
catalyst and, consequently, in the dimensions and weight
of the thruster. In addition, hollow cone spray would
cause that the spraying of hydrazine in the chamber to
be uneven and the central catalyst bed zone remained
unused, which was solved in the new design [2]. Another
difference between this design and the previous version is
the use of Rocket Propulsion Analysis (RPA) software for the
design of the decomposition chamber and the design of
the thruster nozzle. Finally, the accuracy of the results
was checked using a numerical code.

2. Design and configuration of thruster

The thruster investigated in this research consists of several
different elements, which include an injector (injection
system), a catalyst bed, a propellant decomposition
chamber, and a converging and diverging nozzle. The
design of each of these elements is done separately in the
following.

3. Fuel injection system design

The main goal of designing this injector is to achieve the
required mass flow rate of thruster injection. The final
design of the injector is shown in table (1).

Table 1. Geometric specifications of the designed injector

inlet L. chamfer injectorl. | Nozzle dia. I_Dressure
— _— difference
injector L. angle Nozzle dia. [mm] [bar]
1 90 3 0.6 3
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In order to design the decomposition chamber, a one-
dimensional model was used. In this model, the simplified
energy equation is used according to the research of
Shankar et al., [3] and the length of the chamber along
with the thermodynamic properties of the gas are
calculated. After calculating the temperature in the length
of the combustion chamber, the mass fraction of chemical
species is also calculated. The equations governing the
decomposition of hydrazine and ammonia in the present
research are in the form of Equations (1) and (2).

2N,H, —2NH, + N, + H, 1)

2NH, — N, +3H, )

The heat transfer in the decomposition chamber of the
thruster was also investigated, which includes the heat
transfer of the catalyst to the gas and then the gas to the
decomposition chamber, and finally the temperature was
calculated to be around 880 K. The final values of the
length and diameter of the decomposition chamber are
presented in table (2).

Table 2. The dimensions of the designed
decomposition chamber

Value Parameter

0.03(m) Chamber I.

0.15(m) Chamber dia.
4. Nozzle design

In this section, the design of the thruster nozzle has been
done using RPA software. The values of thrust and
special impulse calculated by the software are shown in
table (3).

Table 3. Thrust and special impulse of thruster

(ground test)
Unit Value Parameter
[N] 8 Thrust
[sec] 160 Isp
[gr/sec] 0.005 Mass flow rate

The geometrical characteristics of the decomposition
chamber and the nozzle of the thruster are given in the
full paper. The three-dimensional view of the thruster is
shown in Figure 1.

Sajjad Davari, Hadiseh Karimaei, Mohammad Reza Salimi and Hassan Naseh

Figure 1. Three-dimensional view of the thruster

5. Conclusion

In this research, the design and configuration process of
a 10N hydrazine monopropellant thruster was presented.
Considering the weight limit of the thruster and the
consumption of expensive iridium catalyst, it was
preferred to make the catalyst chamber and dimensions
of the thruster smaller, which was possible by replacing
the previous version injector by a capillary. In this
design, the length of the chamber was determined to be
about 3 cm, the diameter and length of the chamber were
1.5 and 3 cm, respectively. After designing the
decomposition chamber, the design of the thruster
nozzle was done by this software and its final
dimensions were presented.
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13 . External Diffusion
14 . Internal Diffusion
15 . Absorption
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19 . First order Upwind
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