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Abstract

In this paper, the catalyst bed of a 10 N hydrazine monopropellant thruster was designed. The catalyst
bed is including iridium granules, which is used to decompose the hydrazine in monopropellant thruster.
Hydrazine must be decomposed almost completely in the catalytic chamber, because it is a carcinogenic
chemical fuel and on the other hand, achieving the maximum power from the thruster is also an important
goal. As a result, the effect of change in catalytic chamber length on the mass fraction of chemical species
including hydrazine, ammonia, nitrogen, and oxygen was studied. Also, after determining the length of
the catalytic chamber, the diameter of the nozzle throat corresponding to the same length was determined.
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1. Introduction

Monopropellant thrusters are widely used to perform
missions such as attitude control and satellite
positioning. Production of monopropellant thrusters
increased as space missions became more complex. The
hydrazine monopropellant thruster consists of various
components including injector, catalyst bed, and nozzle.
The liquid hydrazine in the tank is sprayed into the
catalytic bed through the injector. As a result of the
decomposition of hydrazine, high-temperature gases are
produced in the catalytic bed and then exited through a
convergent-divergent nozzle. consequently, propulsion
force is generated.

The length of the catalytic chamber was designed to be
3 cm in the prototype of this hydrazine monopropellant
thruster. Accordingly, the chamber primary length
equal to 3 cm was selected in this study, and dimensions
larger than this value are examined to obtain the optimal
length of the decomposition chamber. The process of
designing a hydrazine monopropellant thruster is
described in the continuation of this research. Then, the
effect of changes in the decomposition chamber on the
mass fraction of chemical species is investigated, and
finally, the final dimensions of the nozzle throat
diameter are determined based on the chamber length.
The input parameters for the catalytic decomposition
chamber design are presented in Table (1). The
diameter range of catalytic particles is between 1.6 and

2 mm, which is considered to be 1.8 mm on average
for calculations.

Tablel. Input parameters for decomposition chamber design

Parameter Value Unit
Mass flow 0.005 Kg/sec
Inlet pressure 16.4 bar
Inlet temperature 300 K
Catalyst particle mm
; 1.8
diameter
Bed porosity coefficient 0.4 -
Mass flux 38.29 Kg/m?.sec

Figure (1) shows the diagrams of chemical species mass
fraction along the catalytic bed. The maximum change in
the mass fraction of hydrazine up to the length of the
chamber is 0.05 m, which increased from a mass fraction
of 0.6 to 0.044. Approximately 93% of hydrazine is
decomposed from the beginning of the chamber to the
length of the chamber equal to 0.05 m, which is an
acceptable decomposition. The changes in the mass
fraction of hydrazine are very small from the chamber
length of 0.05 m to 0.09 m and decreased from 0.044 to
0.01. Therefore, it can be concluded that the mass fraction
of hydrazine has reached to its limit value after the
chamber length of 0.05 m, and is almost constant. The

COPYRIGHTS
ramm ©2023 by the authors. Published by Aerospace Research Institute. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0).

How to cite this article:

S. Davari, H. Karimaei, M. R. Salimi and H. Naseh, "Optimized Dimension Design of Catalytic Chamber of a 10 N Thruster," Journal of
Space Science and Technology, Vol. 16, No. 2, pp. 55-61, 2023 (in Persian), https://doi.org/10.30699/jsst.2023.1332.



https://doi.org/10.30699/jsst.2023.1332
https://jsst.ias.ir/
https://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
https://doi.org/10.30699/jsst.2023.1332
https://orcid.org/0000-0002-3874-9573
https://orcid.org/0000-0003-2127-2921
https://orcid.org/0000-0002-7896-0189

56 / Journal of Space Science and Technology
Vol. 16/ Issue 2 / 2023 / (No. 56)

mass fraction of other species such as ammonia, hydrogen,
and nitrogen is also almost constant after the chamber
length of 0.05 m and has reached to its limit value.

1

- — -1
s Yg}NZHé Tl ———Ivg NbH4
0.9F = =m =oyg NEz - 004N -{--—-t----F---1 §0.9
F —i—-—i- Yg H2 0.0 ir---- B
0.85 S S < ] E0.3
j 0.7F 0ot \\ H0.7
E 06k 0 ’ 40.6
E E\ 005 006 007 008 0.09 1
Eo.s:\ o === 305
50'45 ;A = ;0.4
03F + N 103
Fs 7 ]
025" 10.2
0.1E 10.1
- L T [ P
0‘-r||—|""\‘|_||'u|||\u||u...\....\.. '0
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

X (m)

Figure 1. Variations of chemical species mass fraction at
different lengths of the designed decomposition chamber

As the length of the decomposition chamber changed,
the size of the thruster nozzle throat must also be
modified. As the length of the decomposition chamber
increased, the amount of mass flow through the nozzle
throat decreased and nozzle throat diameter must be
enhanced in order to maintain the mass flow rate
passing through it. Accordingly, a study was performed
on the changes of the nozzle throat diameter in terms of
the decomposition chamber length which the results are
presented in Table (2). As shown in the table, the
diameter of the nozzle throat increased slightly with
rising of the decomposition chamber length. The
diameter of the nozzle throat is determined to be equal
0.00255 m by selecting the chamber length equal to 0.05
m. The schematic of this chamber was drawn in
SolidWorks software which is shown in Figure (2).

Table2. Nozzle throat diameter variations according to the
decomposition chamber length

decompos
ition
chamber

length

Nozzle
throat 23| 24 | 25527129 |33 | 4.2

diameter

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

Figure2. Schematic of the designed catalytic chamber
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