] Journal of Space Science and Technology
ournal of Space Science and Technology

Vol. 18, No. 3, pp. 61-73, 2025

P-ISSN: 2008-4560 https://doi.org/10.22034/jsst.2025.1594
E-ISSN: 2423-4516 Journal Homepage: https://www.jsstpub.com

Original Research Paper

Study of a Design Algorithm for Mono-Propellant Thruster
With Green Fuel for Use in Satellite Attitude Control Module

Alireza Sharifat!, Ali Madadi?**"", and Seyed Alireza Jalali Chimeh?

1, 2. Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran
3. Iranian Space Research Center, Tehran, Iran

ARTICLE INFO ABSTRACT

Article History: Achieving higher orbital positions and increasing the duration of space
Receive 08 September 2025 missioqs requires the use gf space propuls_ion systems. Als_o, due to the
Revise 30 September 2025 very high cost of building and Ia_unchlng _Iarge satellites and the
Accept 07 October 2025 consequent development of constellation satellite technology and the use
Available Online 13 October 2025 of several microsatellites instead of one large satellite, small and light

propulsion systems with appropriate specific thrust have received great
attention. Among these types of propulsion systems that are being
studied and developed today are mono-propellant propulsion systems
Monopropellant thruster with green propulsion. Due to issues such as pollution, toxicity of the
Cubic satellite propulsion, difficulty in long-term maintenance and storage, and price,
Green propellant .
Catalyst the developmept of green propu_I5|on thrusters that can be dev_eloped an_d
System design ma_nufactured in academic environments has recelveq attention. !n t_hls
article, an attempt has been made to present an algorithm for designing
a single-propulsion propulsion system with a green propulsion with a
propulsion force of one Newton and with a system perspective for a
cubic satellite. Various propulsion options have been examined and
finally, by extracting the best design options, according to the results of
the statistical study, the thruster design and validation of important and
critical parts of the design have been addressed by numerical analysis
and simulation. The mission considered for the thruster of this satellite
is a hypothetical orbital maneuver mission for which the required system
and mass-energy information is extracted. Finally, a system design
model for green thrusters has been presented.
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Table 1. Comparison between Monopropellant thruster propellants.

Parameter Hydrazine H202 MON
Chemical formula NzHa H202 N20
jl'heoreucal specific 245 179 206
impulse [sec]

Density [kg/m?] 1004 1347 745
Vapor pressure [bar] 0.021 0.0034 50.8
Storage temperature

~, _7~ =20~
limits [C] 9~40 38 30~60
Safety complications Carcinogenic  Irritating ~ Non-toxic
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Input Requirements
*  Mission
*  DManeuver
*  Total impulse & required thrust
*  Green propulzion

Initial Conditions & Constraints
Mass & Volume constraints

Bumning time

Power constraints

Chamber pressure
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Conceptual design & Performance analysis
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Fig. 1. Green monopropellant thruster design strategy flowchart.
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Table 2. Physical, functional and thermochemical properties of
ADN and HAN-based alternatives.

Parameter AF-M315E | FLP-106
Density [g/cm?] 147 1357
Specific Isp [sec] 266 255
Density of Isp [g.sec/m?] 390 346
Flame temp Tc [K] 2166 2095
Freeze temp Tf <22 0
Viscosity[mPas] 25 37
vapor pressure [kpa] 140 21
heritage GPIM -
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AF-M315E estimated specific impulse with increasing expansion Ratio
248

P

/
246 /

Specific Impulse (s)
N N N
8 S £

N
@
&

N
)
&

@

3

100 150 200
Expansion Ratio

ilies blul slacuns ;s AFM-315E o35 435 il —F JSWo

Fig. 4. AFM-315E specific impulse increase at different expansion
ratios.
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Qutputs parameters

Inputs
*  Performance +  Thermodynamic specifications
* Mass of propellant
+  Geometric + Thrust level
. A +  Chamber pressurs

Initial mass estimation of CubeSat Energetic calculation
+  Specific Impulse calculation

+  Thruster sizing

Vessel sizing and feedline
configuration Feedline elements selection base on :
*  Chamber pressure
* Mass flow rate
»  Power constrains
Required propellant mass
calculation

3
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Fig. 2. Flowchart of the thruster design.
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Fig. 3. Spacecraft acceleration for different CubeSat classes.
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Table 3. Nozzle and chamber design outputs.

Parameter Value
Throat diameter [mm] 0.5839
Nozzle exit diameter]mm] 8.25
Expansion ratio 104.27
Chamber diameter[mm] 5.96
Characteristic length[mm] 15
Chamber volume[mm?] 353.66
cylindrical section 12.66
Contraction length[mm] 4,65
Chamber length[mm] 17.32
Divergent length[mm] 14.35
Thruster length[mm] 31.68

o (2l Jib Gilppie ©ledbl =¥ Jgaa

Table 4. Nozzle and chamber design outputs.

Energy : on
Models v

Turbulence model : k-&» SST

. o Density : ideal gas
Material definition

12Ly

Inlet pressure : 20 bar

Inlet temp : 2296 K

Boundary conditions Ambient pressure : 0 bar

Outlet pressure : 0.01 bar

Outlet temp : 300 K

Velocity
Contour 1

2,090e+03
1.980e+03
H 1.870e+03

1.760e+03
1.650e+03
1.540e+03
1.430e+03
1.320e+03
1.210e+03
1.100e+03
9.900e+02
8.800e+02
7.700e+02
6.600e+02
5.500e+02

4.400e+02
' 3.300e+02

2.200e+02
1.100e+02
0.000e+00

Jib 5l (s Jhw g ,guls =& JSWS

Fig. 9. Nozzle outlet fluid velocity contour.
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Table 5. Propulsion system mass budget.

Elements Mass [g]
Propellant vessel 132.02
Pressurant vessel 327.70
Filter 50
Solenoid valve 320
Thruster valve 340
Piping 152
Thruster 800
Dry mass 2121.7
Total dry mass 2334
Pressurant mass 14443
Propellant mass 2751.7
Propulsion system mass 5236.1
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Table 9. The mass of the reservoir and the mass budget obtained .
by re-executing the plan. Pressurant vessel radius 48.96
S ——— Propellant vessel thickness 0.3784
nitial Mass of CubeSat
Parameters i
32kg 24 kg 16kg Pressurant vessel thickness 2.34
Propellant mass [g] 367698 | 2557.73 | 183849 Chamber thickness 0.1645
Propellant vessel 2501.34 1876 125067 Thruster length 31.77
volume[cm?] ' '
Spherical propellant 176 132 g8 il ety i 0> (s yial )l =Y Jgua
vessel mass [g] )
Soherical Pressurant Table 7. Mass parameters of the propulsion system.
P | 436.94 327.70 21847
vessel mass [g] parameter Value [g]
Auvailable mass [g] 25627.95 | 18763.91 | 11899.87
i dri Propellant vessel mass 132
Cylindrical propellant 23471 176 11735
vessel [g] Pressurant vessel mass 327.70
Cylindrical Pressurant
vessel mass [g] 58216 | 43662 291 Thruster mass 200
Auvailable mass [g] 25403.66 | 18595.70 | 11787.73 Propu|sion System dry mass 2334
Mass Budget [l b leplas sladilolo yj iy (ly (0> 4534 S Propulsion system mass 5236
290 9 lp lewlidd gl p o (e5S l e ) VY S il
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Table 8. Propulsion system performance parameters.

Mass Budget Comparison for Spherical and Cylindrical Tanks
26 y

B Parameter Value
" AT Thrust [N] 1
o
=% L Chamber pressure [bar] 20
B4 e
; : Propellant vessel pressure [bar] 200
g6 g
. Specific impulse [sec 247.57
14 /'/ > p p [ ]
1297 Flow rate [g/s] 0.4189
mﬁﬁ 18 20 ) 22 24 26 28 30 32
Initial Spacecraft Mass (kg) a)ls,a,l‘, d*’s‘ 'g)g'. Jj‘

Agese g lowlad clapiumw i cly wyiwd 3 oy 430 =V FY JSUS o L s '
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Fig. 14. Mass budget available for spacecraft and payload
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