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ABSTRACT

In this paper, an analytical approach combined with a two-dimensional
computational fluid dynamics (CFD) model is pursued to simulate the fluid flow
in a monopropellant thruster for satellite propulsion systems. The thruster
utilizes hydrogen peroxide (H2O2) as a green propellant at a concentration of
87.5%, with a catalytic bed based on spherical silver particles. Through a
parametric analysis of particle diameter, we aim to optimize the design of a
monopropellant thruster capable of generating a thrust of 20N. For this purpose,
a program in CFD code in the commercially available ANSY'S Fluent software is
used to solve the energy, momentum, mass transfer, and species transport
equations governing the thruster system. The local thermal non-equilibrium
(LTNE) approach is used to describe the heat transfer occurring through both the
solid and fluid phases within the catalyst bed. The results demonstrate that
particle size significantly affects the thermal behaviour, species mass fraction,
and exit velocity. An optimum diameter of 0.65mm exhibits the optimal
performance of the monopropellant thruster, ensuring efficient decomposition of
H,0, at 968K and providing the required level of thrust force with a specific
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impulse of about 120s.

1. INTRODUCTION

Monopropellant thruster (MPT) systems are widely
used as propulsion systems in space applications, serving
purposes such as spacecraft attitude control, orbit
correction, and satellite manoeuvring, primarily due to
their high reliability and simplicity (Hwang et al., 2012).
These systems rely on a single substance that undergoes
decomposition in a catalytic bed, creating a reaction that
releases thermal energy and generates thrust force. Many
MPT systems have utilized hydrazine as a propellant due
to its high-performance capabilities. However, using
hydrazine presents challenges as it is highly toxic,
environmentally unfriendly, and costly during operations
(Amri et al., 2013).

Numerous research studies have investigated the
development of new propulsion systems using green
propellants. These green propellants should be non-toxic
and easy to handle and should offer relatively high
performance at a lower cost, making them favourable for
future missions in the space industry (Gibbon et al.,
2001; Coxhill, 2002; Amri et al., 2013; Soejimaet al.,

2016). A promising alternative involves using hydrogen
peroxide (H20,), also known as high-test peroxide
(HTP), as a green propellant. H»O, is considered
relatively safe for both the environment and human
handling (Chan et al., 2013).

For over 70 years, hydrogen peroxide has served as
both a monopropellant and an oxidant (Lee & Lee,
2009). Its early use was documented by Walter (1956) in
Germany, with applications in underwater vehicle
propulsion systems and turbine pump drive systems. It
subsequently became popular in high concentrations
(>80%) for space propulsion applications. In the United
Kingdom, extensive research focused on hydrogen
peroxide, particularly for rocket-assisted launch engines
designed for fast ascent and short runways (Sippel et al.,
2011). Russia relies on hydrogen peroxide in the reaction
control system (RCS) thrusters used during the descent
stage of the Soyuz spacecraft, as well as for the gas
generators that operate the turbine pumps (George,
2003). Similarly, in the United States, NASA laboratories
extensively investigated the decomposition of hydrogen
peroxide and its application in monopropellant rocket
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NOMENCLATURE

A section area

A interfacial area density

C, inertial resistance factor

C,  specific heat

d, particle diameter

D diameter

Dim mass diffusion coefficient of the species
Es total energy

Fr thrust Force

g gravity

h heat transfer coefficient

hys heat transfer coefficient between fluid and solid
hi enthalpy of the species

I unit tensor

Isp specific impulse

Ji diffusion flux of the species
L length

Ls loading factor

k thermal conductivity

ket thermal conductivity effective

m masse flow rate

M molar mass

M.  Mach number

P pressure

Pr Prandtl number

r specific constant of perfect gases

Re  Reynolds number
Ri species production rate
Yi local mass fraction of the species
Si enthalpy Source term
T temperature
To inlet Temperature of H20;
t time
\ velocity
Greek symbols
a permeability
porosity
viscosity of the fluid
specific heat ratio
velocity vector
density
turbulent stress tensor
specific dissipation
ubscripts
exit
catalyst bed
refers to fluid
injector
refers to solid medium
throat
tank
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engines for the Mercury project spacecraft (Musker et al.,
2006; Pasini et al., 2008). Recently, significant efforts
have been directed towards developing new hydrogen
peroxide monopropellant thrusters for the space industry,
especially for future satellite applications (An et al.,
2010; Amri et al., 2013; Koopmans et al., 2014; Palmer,
2014; Ryan et al., 2020).

The most important technological challenge in
developing hydrogen peroxide monopropellant thruster
systems is creating an efficient, reliable, and durable
catalyst bed. The catalyst bed is a critical component of
the thrusters, responsible for delivering fast and
consistent performance while preventing poisoning by
stabilizers and impurities in the propellant. It should also
withstand multiple thermal cycles and ideally operate
without requiring preheating for optimal efficiency.

Extensive research has been conducted to address
the decomposition of high-concentration hydrogen
peroxide in catalyst beds. Of the various materials
explored, metallic silver is widely used as a catalyst for
H,O, decomposition due to its various advantages,
including high decomposition efficiency, compactness,
and a straight forward manufacturing process. Although
silver catalysts exhibit superior efficiency compared to
other available catalytic materials, their relatively low
melting point temperature of approximately 961.8°C
(1234.95K) limits their use to hydrogen peroxide
concentrations below 92% (Ventura & Wernimont,
2001). It is also available in various forms, such as screen
mesh, pellets, composites, flakes, and honeycomb
structure thrusters. To reduce costs, silver was used as a
coating on another metal instead of using pure silver.
However, this does not significantly affect the reaction

rate, as the reaction occurs mainly at the interface layer.
The development of hydrogen peroxide monopropellant
thrusters is reported in the work of Amri et al. (2013) and
Haq et al. (2017), who each developed the 1N-class
thruster by using a silver screen mesh catalyst and HTP
at concentrations of 89% and 90%, respectively. Cervone
et al. (2006) and Pasini et al. (2008) developed and tested
this technique for 5N and 25N monopropellant thrusters
using 87.5% hydrogen peroxide with pure silver screen
and ceramic pellets as a catalyst, coated with manganese
oxide and alumina-deposited platinum (Pt/y-Al;O3).
Other works utilized silver screen as a catalyst in
developing a 50N and a 20N monopropellant thruster
using hydrogen peroxide at a concentration of 90% and
87.5%, respectively (Palmer, 2014; Muhammad et al.,
2021). A 100mN monopropellant micro-thruster was
developed and tested using 0.7g of silver flakes as a
catalyst with 92% hydrogen peroxide (Kuan et al., 2007).
Further, 0.85N monopropellant thrusters were developed
by using a composite silver catalyst and 90% hydrogen
peroxide. Adami et al. (2015) used the same catalyst with
different hydrogen peroxide concentrations of 85-95% in
the multidisciplinary ~ design  optimization of a
monopropellant thrusters, employing a genetic algorithm
(GA) and sequential quadratic programming (SQP) for
producing a thrust force of about 19-230N. A honeycomb
structure was used as a catalyst bed in H20;
decomposition for a micro-propulsion of 1N (Krejci et
al., 2011). Other catalysts have also been studied, as in
the experimental validation of 1N monopropellant
thrusters utilizing 87.5% HTP with two different
catalysts, platinum-coated gamma alumina particles and
cylindrical ceria pellets (Ryan et al., 2020). Additionally,
some studies have experimented with divanadium
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pentoxide, lead oxide, and ruthenium dioxide (Rusek,
1996; An & Kwon, 2009). Silver, however, is still
regarded as one of the most efficient heterogeneous
catalysts for hydrogen peroxide decomposition (Runckel
etal., 1963; Morlan et al., 1999; P¢dziwiatr et al., 2018).

The fluid flow within the catalyst bed is complex,
and the most appropriate approach to approximating this
flow is to model the region as a porous medium (Xue et
al., 2020). Such a medium is a heterogeneous system
consisting of a solid substrate with fluid-filled voids
(Srivastava & Bhadauria, 2016). The porosity of the
porous catalyst bed greatly influences the performance
and accuracy of the monopropellant thruster, affecting
factors such as the pressure drop across the catalyst bed,
reaction temperature, exit velocity, and thrust. Hence,
selecting the optimal porosity for the silver catalyst bed
is paramount in hydrogen peroxide monopropellant
thrusters (Muhammad et al., 2021).

The performance of monopropellant thrusters also
depends on optimizing their components, such as the
injector, catalyst bed (length and diameter), and nozzle
geometry. These components have a significant impact
on the efficiency of the thruster (Palmer, 2014). In a
monopropellant thruster system, the propellant hydrogen
peroxide is injected into the porous medium of the
catalyst bed, where it instantaneously decomposes by an
exothermic reaction into a mixture of superheated steam
and oxygen gas, which expands through a convergent-
divergent (CD) nozzle to produce thrust force. The
chemical reaction proceeds as follows:

catalyst.bed
—_—>

H202(|) H20(9)+%Oz(g)+AH

This study aims to develop a catalyst-packed bed
containing spherical silver particles as a porous medium
for the decomposition of propellant hydrogen peroxide at
a concentration of 87.5%, intended for the use in a
monopropellant thruster capable of generating 20N of
thrust. A parametric analysis will be conducted to

identify the optimal parameters for the thruster.

The commercially available CFD simulation
software ANSYS Fluent was used to solve the energy,
continuity, momentum, and species transport equations.
The local thermal non-equilibrium (LTNE) approach is
widely used to model convective heat transfer in a porous
medium and to study thermal interactions between fluid
and solid phases. The kinetics of the chemical reactions
were computed using user-defined functions (UDFs).

2. MONOPROPELLANT THRUSTER DESCRIPTION

The monopropellant thruster consists of a cylindrical
catalyst bed chamber (internal diameter 21mm and length
68.1mm) containing silver spherical particles of uniform
size as a porous medium with a diameter of 0.65mm,
selected from the experimental study by Pasini et al.
(2008). We chose a conical nozzle type for this study due
to its technical and economic advantages. According to
the literature, the divergence angle is 30°, giving a half-
angle of about 15°, which is used in many thrusters for
attitude control. As for the convergence of the half-angle,

Fig. 1 Monopropellant thruster and load cell (Palmer,
2014)

a typical value of 60° is considered. The spray injector
type chosen consisted of a hole with a diameter of
0.96637mm and a discharge coefficient of 0.7. We
configured the 20N monopropellant thruster for sea-level
conditions with a hydrogen peroxide feed pressure tank
set at approximately 17bar with a mass flow rate of
17x103kg/s. Further, 87.5% hydrogen peroxide with a
density of 1378.5kg/m? at 20°C was selected, ensuring an
extended catalyst life during thruster development
(Vestnes, 2016). We used the parameters from Palmer's
(2014) experimental work for the design model (Fig. 1).
The thruster specifications are described in Table 1,
while Fig. 2 depicts the thruster design with the proposed
catalyst bed.

3. THEORETICAL AND COMPUTATIONAL
MODELING
The study presents an approach for the

computational modelling of a volumetric monopropellant
thruster, which includes a cavity filled with a catalyst-
packed bed containing silver spheres similar to a porous
medium, an injector, and a nozzle. The simulation of
flow physics and reactions within the thruster is based on
mathematical models that account for the conservation of
mass (the continuity equation), momentum, and energy.

3.1 Governing Equations

Equation (1) represents the conservation of mass law
with additional isotropic porosity in a single-phase flow.
(2]

+V-(pv)=0 @)

Table 1 Monopropellant thruster dimensions

Parameter Value [mm]
Catalyst bed diameter D 21
Catalyst bed length L. 68.1
Nozzle throat diameter Dy 4.3
Nozzle exit diameter De 6.5
Hole diameter D; 0.96637
Injector length L; 15
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Inlet
—_—
Propellant
(H,04)
Injector Catalyst bed
(b)

Fig. 2 (a) Full and (b) Sectional view of hydrogen peroxide monopropellant thruster design, and (c) spherical
silver particles

where: ¢ is the porosity of catalyst bed, t is the time and
V is the velocity vector.

Equation (2) represents the conservation of

momentum. The turbulent stress tensor ; and the viscous
loss term F, are defined in Eq. (3) and Eq. (4).

L (p0)ev-(piv)=—vp+V-(c)rpg+F @
::,u[(V17+V‘7T)—§V.17I} 3)
F= —(gvi +Cy %p|v|vij (4)

where: g is the fluid viscosity and | is the unit tensor, «
is permeability, 1/« is the viscous resistance term and C»
is inertial resistance.

For the energy equation in a porous medium, in the
LTNE energy model approach, the fluid and solid phases
are spatially identical and interact with each other in
terms of heat transfer (Abdedou & Bouhadef, 2015). In
the proposed model, two equations, Eq. (5) and Eq. (6),
are solved separately for the fluid and solid phases,
respectively, as follows:

%(f?ﬂfEf)*V'(;(PfEf +p)):

V-(gkaTf —(;hiai}(?ijj ()

h
+S¢ +hfsAfs(TS_Tf)

1984

£ (1-2)psEs)=V-(-oksVTs)

(6)

+SQ +hfSAfS(Tf _TS)
where por and ps are the densities of fluid and solid, Tr and
Ts are temperatures of fluid and solids, ks and ks are the
thermal conductivity of the fluid, (2h;J;) is the diffusion
flux of the species is added when chemical reactions are
considered, Es and E;s are a total fluid and solid energy,

S? is the fluid enthalpy source term, hi present the

convective volumetric heat transfer coefficient between
the fluid and solid, and Ass represent the interfacial area
density, which is the ratio of the interfacial area of the
fluid/solid and the volume of the porous medium.

Eg. (5) and Eqg. (6) represent the source term of the
convective heat exchange between the solid and the fluid
phases due to the non-equilibrium thermal model by

hes Ags(Ts — Tr) and hyg Ags(Ty — Ts), respectively.
3.2 Convective Volumetric Heat Transfer Coefficient

According to Alazmi and Vafai, (2000) and Xu et al.
(2011), the convective volumetric heat transfer
coefficient is constant over the length of the porous
medium. Table 2 provides an overview of some available
models in the literature.

The convective volumetric heat transfer coefficient
h and the interfacial area density As for a porous
medium consisting of similarly sized spherical particles
are calculated from Eg. (7) and Eq. (8), respectively
(\Vafai & Amiri, 1998).
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Table 2 Different models of the volumetric heat transfer coefficient for porous medium

R
where : Rey, = —

hys = hys Ass Reference
ks (2 + 1.1Pr'/3Re®®) 6(1—¢) (Amiri & Vafai, 1994)
d, d, (Amiri et al., 1995)
d d, 1" 6(1—¢ .
p’ p ei-e) (Dixon & Cresswell, 1979)
0,2555Pr1/3Re?/3k; ' 10k dy
((1.18Re®%8)* + (0.23Rep7®)*)/* 61— £)
dpks —g (Achenbach, 1995)
1

d)\ [k
0.004 (—") (—f> Pro33Rel35 . Re <75
i? dp
1.064 (d—f PrO033Re0:59 Re > 350
D

20.346(1 — £)&?

P (Hwang et al., 1995)

D

[2.096£%%8k;Re*438(—8.278£°%8 + 57.38413% — 106.63
+95.75¢338 — 37.24438)] / d2
for: 0.66 < £ < 0.93 and 0.66 < Re < 0.93

8238
(Villafan et al., 2011)

1
k¢|2+1.1Pr3 Re®®

()

(8)

where: d, is the diameter of spherical silver particles, P,
is the Prandtl number and R. is the Reynolds number.

3.3. Effective Conductivity

The effective thermal conductivity (k) of a porous
medium is generally calculated using correlations. This
study used the more precise formulation of Kouichi
(2008), which is the default model employed in ANSYS

Fluent.

kf = Skf (9)
ks =3 (1 — &)k, (10)
kepr = ey +5 (1 — &)k, (11)

3.4. Chemical Reactions Modeling

The chemical reaction conservation equation for the
local mass fraction of the transport of each species,
according to convective diffusion in a laminar flow
within a catalyst bed (porous medium), is expressed as
follows:

a -

a(pYi )+V~(pVYi)=V~(pDi’mVYi )+ Ri +Si (12)
Where: Y; represents the local mass fraction of the

species i, Dim is the mass diffusion coefficient for the

species i, Rj is the production rate in chemical reaction,

and S; is the rate of creation.

1985

3.5. Permeability, Inertial Loss Coefficients and

Porosity

The empirical correlation of the Ergun equation (Eq.
(13)) is applicable over a wide range of Reynolds
numbers and many types of packed beds (Ergun, 1952).

(5

&

— AP,
— e _150
C 7

C

\Y
EE"PL?Sp

p

; (13)

(1—5)£
¢ d

p

From the Ergun correlation, the permeability « and
inertial loss coefficients (Inertial resistance) C, are
obtained as follows:

d2 g3

a=—2_° (14)
150 (1_5)2
35(1-¢)

Co=g~ > (15)

A standard correlation for predicting the total
porosity ¢ of a catalyst-packed bed consisting of random
spherical particles of similar size was developed by
Dixon (1988), Theuerkauf et al. (2006), and is given as:

2
dp dp
£=04+0.05——+0412) — (16)
DC DC
4. METHODOLOGY OF RESOLUTION
4.1 Grid Independent Study
The mesh was generated wusing a uniform

quadrilateral grid. To reduce the number of elements and
significantly save computational cost, an axis-symmetric
(half geometry) approach was used, as shown in Fig. 3.
Table 3 presents the parameters of the grid independence
study and shows that the maximum temperatures
recorded in the catalyst bed were 968K for Mesh 1 and
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Fig. 3 2D model of axis-symmetric mesh geometry (half geometry) with quadrilateral grid

Table 3 Grid independent study

Meshes | Number of nodes | Number of elements | Maximum Temperature at catalyst bed [K]
Mesh 1 17648 17045 968
Mesh 2 18534 17913 968
Mesh 3 22518 21822 980
Atmosphere-
horizontal
Inj&l:h:-r *
.Pn rous medinm
NDL‘]E Atmosphere- Outlet
EIEII‘EI‘IJ.H] domain Wall vertical D — )

»

Axi-symmetric

Fig. 4 Boundary conditions and cell zone conditions of the 2D model

Mesh 2 and 980K for Mesh 3. This indicates that there
were no significant temperature differences between
Mesh 1 and Mesh 2. Mesh 1 was selected for this study
to minimize computational cost with a total of 17648
nodes and 17045 elements, based on the results of the
preliminary mesh convergence study.

4.2 Setup Procedure

The analysis of the two-dimensional monopropellant
thruster was carried out using a computational fluid
dynamics (CFD) model in ANSYS Fluent software to
study the flow of hydrogen peroxide within the thruster.
The simulation was conducted as a steady-state analysis
using a pressure-based solver with an axis-symmetric
geometry. The energy equation is employed to calculate
thermal effects. To model turbulent flow, the k-
turbulence model of shear-stress transport (SST) was
selected (Menter, 1994), which is used to simulate
supersonic flow (Jayakrishnan & Deepu, 2020). The
model combines the standard k- and k-& models, with
the k-0 model functioning in the near-wall region and the
k-& model being active in the far field (Jones & Launder,

1986

1973; Wilcox, 1998). This method is particularly
effective for free flow away from the wall and is well
suited for flow separation, as it accounts for the transfer
of turbulent shear stress. To ensure the continuity of the
velocity vectors through the interface of the porous
medium, we adopted a superficial velocity approach
computed based on the volumetric flow rate. We used the
species transport option to model the hydrogen peroxide
decomposition reaction, considering that the reaction
occurs only within the catalyst bed. In turbulent chemical
interactions, we used the eddy dissipation model (EDM).
As for boundary conditions, we treated all walls as
adiabatic with no heat flux and no-slip conditions. The
inlet pressure of the fluid was set to 17bar, with a
temperature of 293.15K for hydrogen peroxide. The mass
fractions of H,O, and H,O were set to 0.875 and 0.125,
respectively, with a mass molar of 22g/mol. The outlet
pressure is set to Obar. The catalyst bed region was
modelled as a porous medium, as shown in Fig. 4,
and the source terms for the local thermal non-
equilibrium (LTNE) model were computed using a user-
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Table 4 The data used in the simulation

Parameter Value
Porosity ¢ 0.4019
Viscous resistance 1/a 1.9554x 10° m=2
Inertial resistance C; 5520.5 m™*
Inlet absolute pressure Pt 17 bar
Inlet temperature To 293.15 K
Concentration of H,0; 87.5%
Operating pressure P 1.1325

defined function (UDF) to relate the energy equations of
the fluid and solid phases.

In the solution methods, a coupled scheme was
applied, and we used the second-order upwind method
for the advection terms in the momentum and energy
equations. A hybrid initialization approach was utilized
for this model, with a convergence criterion set at 10 for
all equations within the model. Figure 4 presents the
boundary conditions for the analysed problem. The
analysis was performed for H.O; flow to determine the
thermal behaviour of the catalyst bed (porous medium),
and chemical reactions were included in the model to
analyse the kinetics of the reactions and their effect on
the thermal behaviour of the thruster.

5. RESULTS AND DISCUSSION

5.1 Validation Process

To validate the developed model, a benchmark
analysis was performed using numerical and
experimental results obtained from Muhammad et al.
(2021) and Palmer (2014). As shown in Fig. 5, the results
indicate excellent agreement with the experimental
results, with a maximum error of the temperature in the
thruster of less than 1%. Furthermore, the numerical

results showed that the maximum error does not exceed
6%.

5.2 Thermodynamic Parameter Analysis of the
Thruster Based on Catalyst Bed Made of
Spherical Silver Particles

To optimize the performance of the catalytic bed,
uniformly sized spherical silver particles were used as a
porous medium for hydrogen peroxide decomposition,
yielding a calculated porosity of 0.4019 based on the
Dixon equation (Dixon, 1988). Figure 5 illustrates the
temperature variation along the length of the thruster,
with an external domain showing the flow after the
nozzle.

The static temperature increases from the catalyst
bed to the nozzle exit, reaching 968K, as illustrated in
Fig. 6. The flow carries the heat from the reaction as a
hot gas through the nozzle, transitioning into supersonic
flow after passing through the nozzle throat. In contrast,
the temperature of the compressible gas remains constant
at the stagnation temperature of the fluid flow. Within the
nozzle region, the stagnation temperature remains
constant according to the principles of supersonic nozzle
flow (White, 2006). The heat flux outside the thruster
then begins to decrease as the distance from the reaction
site increases.

The high decomposition temperature of hydrogen
peroxide plays an important role in ensuring the high
performance of propulsion systems. This is due to two
main factors: using a high concentration of hydrogen
peroxide and selecting the appropriate catalyst bed.
Hydrogen peroxide decomposes within the catalyst bed,
producing oxygen gas and water vapor. Figure 7
illustrates the variation in H,O,, H,O, and O, mass
fractions along the thruster length. H.O, enters with a
mass flow rate of 0.875 and decreases significantly as it
reaches the catalyst bed. This indicates the occurrence of

1200 —&—Present study
—e— Muhammad et al.(numerical)

1000

800

600 +

Temperature (K)

400 +

200

(g 8
‘ '\Om.\ —A— Palmer (experimental)

T T T T
0.00 0.05 0.10 0.15

Position (m)

Fig. 5 Temperature distribution for Muhammad et al. (2021), palmer (2014) and current numerical simulation
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Fig. 6 Static temperature contour across the thruster
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Fig. 7 Species mass fraction across thruster for
Muhammad et al. (2021) and current numerical
simulation

a reaction that leads to the formation of oxygen gas and
water vapor and an increase in their mass fraction. As
depicted in Fig. 8, the mass fraction of H.0O;
continuously decreases as H»O; is replaced by H,O and
O until they both reach their maximum stoichiometric
mass fraction values of 0.580 and 0.412, respectively.

The analysis of the graph of species mass fractions
(Fig. 7) along the temperature contour (Fig. 6) shows that
the flow undergoes the correct decomposition reaction,
with heat generated by the reaction. This observation
confirms the reliability of the simulation results.

Figure 10 presents the velocity behaviour across the
thruster. The velocity increases in the injector and
divergent nozzle region, except in the catalyst bed region,
where it remains uniform. This uniformity of the catalyst
bed velocity is assumed to ensure flow continuity
expressed by an isotropic catalyst bed. The velocity
decreases significantly in the catalyst bed region,

1988

reaching around 58.4m/s, when the fluid contacts the
porous medium. The convergent-divergent (CD) profile
of the nozzle accelerates the gas flow from subsonic to
supersonic velocity. As shown in Fig. 9, the velocity of
the divergent part increases gradually and reaches a
maximum value of 1.17x10%m/s at the nozzle exit. These
results are consistent with the theory of supersonic
convergent-divergent nozzles (White, 2006).
Consequently, the results confirmed the possibility of
achieving a thrust force of 20N (17x10%kg/s
x1.17x10%m/s) required for this study and a specific
impulse of about 120s as calculated from Egs. (17) and
(18), respectively.

m= Fr (17)
Ve
V

Isp = Ee (18)

5.3. Effect of Particle Diameter of the Catalyst Bed on
the Thruster Performance

In this section, we will conduct an extensive analysis
of the catalyst bed, focusing on spherical silver particles
with varying diameters. The objective is to explore how
these variations affect the decomposition phenomena, the
exit velocity, and the required thrust force.

The temperature within the catalyst bed exhibits a
direct correlation with the diameter of the spherical
particles. As the diameter increases, so does the
temperature, culminating in a peak temperature of 994K
at a diameter of 1.2mm. Figure 11 illustrates the
relationship between temperature and varying diameter
values.

Additionally, the velocity measured at the nozzle
exit demonstrates behaviour analogous to that of the
temperature. Specifically, as the diameter of the spherical
particles increases, the velocity increases almost linearly.
This phenomenon leads to a corresponding increase in
thrust force, as depicted in Fig. 11, with the thrust force
rising from 17N to 22N.
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the reactive flow simulation, the effect of the reaction on
the temperature distributions was analysed, revealing an
increase in temperature to about 968K due to the
exothermic reaction, which was sufficient for the
decomposition of hydrogen peroxide. The results showed
that the catalyst bed gives an optimal decomposition of
H,0,.

To scrutinize the influence of the diameter of the
spherical silver particles and determine the most optimal
value, a dedicated simulation was performed. The
simulation encompassed a range of diameter values
ranging from 0.4 to 1.2mm. The results of the simulation
confirm that the optimal decomposition of H,O; involves
using spherical silver particles with a diameter of
0.65mm.  This configuration  exhibits  superior
performance in various critical parameters, including
reaction temperature, exit velocity, and the required
thrust force of 20N with a specific impulse of about 120s.

From a broader perspective, it is advisable to
investigate alternative flow configurations within catalyst
beds in which the spherical particles are made from
various materials and come in different sizes, thus
ensuring variable porosity within the catalyst. Such an
approach could increase the effectiveness of
monopropellant thrusters for propulsion systems using
green propellants.
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