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Abstract

In the present study, a space thruster system type monopropellant has been
modeled and designed so as to create a Five- Newton thrust force(propulsion) and
specific impulse of 220 seconds, with the usage of adjusting motion or changing
the position of the satellite. This model consists of two major parts including a
catalytic reactor with hydrazine feed, 15% nickel catalyst based on gamma
alumina and a convergent-divergent nozzle. The catalytic reactor model is a fixed
bed, one-dimensional, steady state and adiabatic with heterogeneous
decomposition reactions. The process functions by performing two heterogeneous
decomposition reactions of hydrazine and ammonia and converting to light gases
(hydrogen and nitrogen) with high temperatures. Subsequently, the thrust force
will be obtained by the evolution of the gas from bed and nozzle. The catalyst is
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made up of wet impregnation method and the required characteristics are Keywords.
specified by quantitative, qualitative and thermal analysis tests. The outcomes of Heterogeneous
modelling include mass, energy, kinetic, physical and chemical variables in Decomposition,
the space propulsion. It is also considered as one of the important advantages of Modeling,
designing the measurement and predicting the variables. So as to determine Hydrazine

the performance and validity of the model, indicators such as the thrust force, ) o
specific impulse, bed pressure drop and the minimum of ammonia decomposition Adiabatic,

has been scrutinized with the same kinetic and operating conditions in Thruster,

the designing and experimental model (in atmospheric conditions and static).
The obtained results are consistent and have been verified.

Monopropellant
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Table 1. Functional differences of types of space thrusters [1].

System Type Specific Impulse Sec
Cold gas Thrusyer 60-250
Mono-Propellant 130-280
Thruster
Bi-Propellant Thruster 300-450
Solid propulsion 260-300
Hybrid propulsion 290-350

Density Specific

kg.sec/m®
(1.0-2.2) x 10* (0.01-50)
(1.5-3.0)x 10° (0.5 —500)

(3.4-5.5) x 10° (0.1-1.2) x 107

(4.4-5.1) % 10° (10— 1.3) x 107

(2.6 — 4.2) x 10° (10 - 1.3) x 107
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Figure 1. Schematic illustration of the main parts

of, a space propulsion type Monopropellant system [1].
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Figure 2. Sample image made of design and experimental model
including nozzle and space thruster reactor.
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Figure 3. Grid image made to pass gas flow and catalyst shield.
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Table 2. Initial values of feed, reactor and bed catalyst.

. Model Values

Row Title Unit

of 5N
1 Feed Temperature °C 110
2 Initial bed Tempearature C 50
3 Reactor Diameter mm 14.0
4 Reactor Length mm 50
5 Bed Pressure Bar 5.0
6 Percentage of Empty Bed % 5578

Space

7 Intensity of Feed Mass flow  gr/Sec 2.3

8 Catalyst Material % Al,O4/Ni:15

9 Spherical Catalyst Diameter Mm 2.4

10 Catalyst Porosity % 363
Porcentage

11 Catalyst hole Diameter mm 10.044

12 Catalyst Density Kg/m® 1530

13 Reactor Body Thickness mm1.30
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Figure 4. Determination of the crystal structure of the
catalyst using XRD test.
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Table 5. Surface and cavity area of 15% nickel catalyst granule activity based on gamma alumina.

Name

Initial diameter
Second diameter
Dead volume
Standard volume
Porosity

ap,BET

Mean pore diameter

Total pore volume

Value Unit
Catalyst
2 mm
4 mm
15.36 [cm®]
9.779 [cmd]
36.3 %
0.1578 [cm3g?]
Pore
10.044 [nm]
0.1578 [cm3g ]
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Figure 5. Composition of the percentage of nickel catalyst elements based on alumina with EDX analysis.
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Table 6. Results of combining the percentage of nickel catalyst elements based on alumina with EDX analysis.

el 3ad Gl piy ST goi LA PSiil) a9 2 (s ilwd o

Elt Line Int K Kr W% A% ZAF Pk/Bg
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(0] Ka 113.2 0.4475 0.2521 53.3 65.49 0.4729 157.41

Al Ka 281.4 0.3897 0.2195 32.22 23.47 0.6812 71.03

Ni Ka 11.8 0.1262 0.0711 8.68 291 0.8183 4.74
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Figure 6. Appearance structure of alumina catalyst by SEM method and 500nm scale.
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Figure 7. Alumina based nickel catalyst surface images with 500nm scale MAP analysis.
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Figure 8. Weight changes of nickel catalyst based on gamma alumina by TGA thermal analysis.
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Figure 10. Heat changes of nickel catalyst based on gamma alumina by DSC analysis up to 530 °C.
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Figure 11. Heat changes of nickel catalyst based on gamma alumina by DSC analysis.
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Figure 12. Diagram of general steps of solving equations and relations governing the space drift system with programming in software.
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Figure 13. Changes in molar fraction of gas components in terms of bed length.
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Figure 14. Changes in gas and catalyst temperature and rate of ammonia decomposition in terms of reactor bed length.
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Figure 15. Changes in the kinetics of gas components and mass transfer coefficient according to the length of the bed.
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Figure 16. Changes in the effective diffusion coefficient in the catalyst and the transfer heat transfer coefficient
according to the length of the reactor bed.
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Figure 17. Changes in thrust force and space thrust power in terms of gas outlet speed from the nozzle.
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Figure 18. Special shock changes in nozzle output velocity and molecular mass of gas flow along the reactor.
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Figure 19. Pressure changes rapidly at the nozzle outlet and pressure across the reactor.
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Figure 20. Changes in the velocity of the outlet from the nozzle to the speed in the reactor and the speed of
gas flow in the reactor and the nozzle throat to the length of the reactor.
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Table 8. Comparing the results of kinetic and experimental model at the output of catalytic reactor bed with
and 15% gamma alumina -based nickel catalyst

Measaring parameters Model results llee)‘?:::‘sil(l)lfe;l:e Pel;crir;iage
1 The amount of ammonia decomposition % 92.7 90.0 -3.00
2 The amount of hydrazine output % 0.46 0.5 8.00
3 Amount of ammonia output% % 3.2 35 8.57
4 The amount of hydrogen output % 63.7 62.0 -2.74
5 The amount of nitrogen output % 32.64 64.0 4.00
6 Exhast gas temperature C 577.4 568.5 -1.57
7 Catalyst bed temperature C 586.5 575.5 -1.91
8 Maximum catalyst temperature C 987.5 972.0 -1.59
9 Bed outlet pressure Bar 4.44 4.50 1.33
10 Thrust force N 5.09 5.00 -1.80
11 Special impact Sec 226 220 -2.73
12 Bed pressure drop bar 0.46 0.50 .00
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