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ABSTRACT: Thermal control of a space system is essential for optimal performance and mission
success. In this paper, the decomposition chamber of a catalytic monopropellant thruster has been
numerically simulated at the pore scale. The effect of this wall thickness, 1-5 mm, on radiation heat
transfer and conduction has been investigated. The importance of the maximum temperature in the
structural considerations of the thruster, on the one hand, and the increase in the weight of the thruster
due to the increase in the thickness of the wall to reduce the maximum temperature on the other hand,

make the simultaneous evaluation of these parameters inevitable. The results showed that as the thickness  Keywords:
of the wa%ll increases, a significant .drop up to about three .tlmes in t}.le radiation heat flux has occurre(.i. Monopropellant Thruster
The dominant type of heat transfer in the current problem is conduction. The heat soak back upstream is Catalvst Bed
. . . .- . . atalyst be
up to 1000 times greater than the intensity of radiative heat transfer. Increasing the thickness of the wall v '
causes an increase in the heat soak back on the thermal control system. The novelty is to investigate the Conduction
Radiation

geometric shape and wall thickness of a catalytic monopropellant thruster on the rate of radiation and

conduction heat transfer to the upstream parts.

Thermal Control System (TCS)

1- Introduction

Kersten [1] created a numerical model to investigate the
steady-state and transient behavior of the catalyst bed and
developed a computer program based on it. In the research
of Shankar et al. [2], the equations related to the propellant
decomposition were analyzed transiently. Hwang et al. [3]
studied the effects of the failure of catalyst bed granules on
the performance of a hydrazine thruster using Shankar et al.’s
[2] analytical model for the induction region and Kersten’s
one-dimensional model [1] for the post-induction region.
Salimi et al. [4-5] investigated the effects of parameters such
as catalyst granule diameter, catalyst bed porosity coefficient,
and chamber inlet pressure on the performance of the
decomposition chamber and thruster.

In this paper, the decomposition chamber of a hydrazine
monopropellant thruster has been numerically simulated at
the pore scale. Then, the heat transfer analysis of the thruster
under the influence of its wall thickness has been investigated.
Simulations have been performed for catalyst granules with a
diameter of 1 mm in a porosity coefficient of 0.4 and an inlet
pressure of the chamber of 15 bar. The focus of the present
research is the study of the effect of the thruster wall thickness
on the radiation heat transfer (radiative cooling) and heat soak
back (heat conduction) to the upstream components of the
propulsion system such as control valves and sensors, which
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is considered to be its most important innovative aspect.

2- Methodology

The catalytic decomposition process of hydrazine in a
monopropellant thruster can be ideally considered to consist
of two main reactions, ignoring intermediate reactions. In
the first reaction, gaseous hydrazine is decomposed into
ammonia, nitrogen, and hydrogen gases through a very rapid
and highly exothermic reaction according to equation (1).
In the second reaction, the ammonia gas resulting from the
hydrazine decomposition is decomposed into nitrogen and
hydrogen gases through an endothermic reaction according
to equation (2).

2N,H, 52N H,+N, +H, (1)
2NH, - N, +3H, ()

The conservative form of the Navier-Stokes equations [4]
is given below:
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Fig. 1. Mesh view around catalyst granules
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where Pr is the Prandtl number and Sc is the Schmidt
number. 7 is the shear stress and u is the velocity. The reaction
rate is also calculated using the Arrhenius law.

The chemical species transport equations are analyzed
for N-1 chemical species to ensure mass conservation. It
is assumed that the chemical reactions take place entirely
in the vicinity of the catalyst surface. Due to the very low
permeability coefficient of the catalyst granules, mass and
heat transfer in the catalyst granule volume are neglected. The
simulation was performed for a 10 N thruster with a catalyst
bed containing alumina-based catalyst granules coated with
active iridium.

Figure 1 shows the entire catalyst bed and a view of the
computational mesh created around the catalyst granules.

The 5 cases under study differ in terms of wall thickness,
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Fig. 2. The rate of radiation heat flux from the lateral

surface of the thruster in the 5 cases under study

mass, thermal conductivity surface area, and radiation surface
area, which are named from cases 1 to 5 according to the wall
thickness of 1 to 5 mm.

3- Results and Discussion

Some of the various performance parameters of the
thruster include the mass fraction of hydrazine and other
chemical species, the temperature in the entire thruster, bed,
and outer wall, and the pressure and fluid velocity variations
that are the outputs of this analysis. The only heat transfer
mechanism in the lateral wall of the thruster is the radiation
heat transfer. Figure 2 shows the rate of the radiation heat
flux from the lateral surface of the thruster. The maximum
heat flux occurred at the end of the decomposition chamber.
With increasing shell thickness, due to the decrease in wall
temperature and also the dependence of radiation heat flux on
the fourth power of the wall temperature, a significant drop
in heat flux (radiative heat transfer) of up to three times has
occurred.

Figure 3 shows the conduction heat flux rate from the
shell to the constant temperature heat sink. The decrease in
conduction heat flux occurs as the shell thickness increases.
The values on the left vertical axis are the rate of heat flux
soaking back upstream. The amount of heat soaking back
upstream is 1000 times larger than the intensity of radiative
heat transfer. Therefore, the dominant type of heat transfer
in the present problem is conduction with heat soaking back
upstream.

Figure 4 shows the average area temperature of the
discharge chamber wall and nozzle compared with the
decomposition chamber wall for all cases under study.
Investigation of the graphs in all cases under study indicates
that the average temperature of the nozzle section including
the discharge chamber and nozzle is higher than that of the
decomposition chamber. Although the reactions occurred in
the decomposition chamber, the temperature of the discharge
chamber and the nozzle is higher because the heat flux from
the decomposition chamber was soaking back upstream
through conduction heat transfer.
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Fig. 3. The rate of conductive heat flux from the shell to
the constant temperature heat sink in the radial direc-
tion

4- Conclusions

The results showed that the variations in the shell
temperature relative to the flow in these 5 cases under study
are noticeable due to the effect of heat transfer. The dominant
type of heat transfer in the current problem is conduction
with heat soaking back upstream so that the amount of heat
soaking back upstream is 1000 times larger than the intensity
of radiative heat transfer. The discussion concludes that to
control the maximum temperature and subsequently control
the heat soaking back upstream, an intermediate condition
must be met that satisfies the weight constraint. Thickening
the nozzle wall is not a desirable solution. Increasing the
shell thickness increases the weight of the thruster, which is
a limiting factor.
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Fig. 1. Mesh view around catalyst granules
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Fig. 2. Thruster geometry with different wall thicknesses from 1 to 5 mm
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Table 3. Mass, thermal conductivity surface area, and radiative surface area of the thruster for
the S cases under study
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Fig. 4. Hydrazine mass fraction profile along the catalyst bed
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Fig. 5. Hydrazine mass fraction contour with a view of the mesh
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Fig. 8. Time-averaged temperature contours across the

thruster for the 5 cases under study
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Fig. 9. Time-averaged temperature contours in the

thruster shell for the 5 cases under study
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Fig. 12. The rate of radiation heat flux from the lateral surface of the thruster in the 5 cases under
study
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Fig. 13. The rate of conductive heat flux from the shell to the constant temperature heat sink in the
radial direction in the S cases under study
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Fig. 14. Temperature distribution on the outer wall of the thruster
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