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Abstract

In this research, the heterogeneous decomposition reaction of hydrazine
and ammonia in a space propulsion system of hydrazine monopropellant
type with an adiabatic fixed bed reactor and 30% iridium catalyst
Ir/y — Al,04 is used to create a thrust force of 5 newtons and a specific
impulse of 220 seconds and the application of position change or orbital
motion. This process is created by two heterogeneous reactions and
turning into hot light gases of hydrogen and nitrogen leaving the reactor
bed and then the nozzle of the thrust force in the opposite direction of
the gas flow. Considering that the iridium 30% Ir/y — Al,05 is
a reference and main catalyst that has suitable mechanical, physical, and
thermal properties but is very rare and expensive, the purpose of using
nickel replacement catalyst 15% is Ni/y — Al,05. Compared to iridium,
this catalyst is very abundant and cheap, and has functional
characteristics, suitable and close to iridium. Regarding the correctness
and accuracy of the performance results of two catalysts in a space
propulsion system and vacuum conditions and the same static and
operational test in a stable and uniform flow of hydrazine to the reactor
bed for 30 seconds were measured and evaluated by evaluation indicators
such as creating force Thrust (5 newtons), special impulse (about 230
seconds), bed pressure drop (less than 1 bar), minimum amount of
ammonia decomposition are compared. Finally, due to the compatibility
of nickel catalysts with iridium, a suitable alternative is approved.
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Table 1. Physical characteristics of catalyst components (iridium, nickel and gamma-alumina).

Unit of measurement

Gamma alumina Characteristic Ni Characteristic Ir

1 Atomic number -

2 atomic mass gr/gmol
3 Atomic radius pm

4 Density g/ml
5] melting point ‘c

6 Boiling point °c

7 Molar heat capacity jimol.K
8 heat of vaporization kj/mol
9 heat of fusion kj/mol
10 Thermal conductivity w/m.K
11 Thermal expansion pm/m.K
12 Tensile strength mPa
13 Shear modulus Gpa
14 Young's modulus Gpa
15 hardness Shore D
16 Electronegativity -

17 Magnetic mode -

- 28 77
101.96 58.71 192.22
= 124 136
3.987 8.9 22.65
2072 1453 2410
2977 2913 4130
12.2 26.07 251
185 3775 563
9.4 17.8 41.12
30 90.9 147
8.9 13.4 6.4
150 450 630
39 70 210
138 200 528
56 97 99
- 18 2.2
- ferromagnetism paramagnetic
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Table 2. Initial amounts of reactor and nickel and iridium catalysts based on gamma alumina.

15 % Nickel catalyst on
gamma alumina

30 % Iridium catalyst
on gamma alumina

-

1 Feed Temperature
2 Initial bed Tempearature °C
3 Reactor Diameter mm
4 Reactor Length mm
5 Bed Pressure bar
6 Percentage of Empty Bed %
Space
7 Intensity fc:f Feed Mass griSec
ow
8 Spherl_cal Catalyst mm
Diameter
9 Catalyst Porosity %
Percentage
10 Catalyst hole Diameter nm
1 Catalyst Density Kg/m"3
12 Reactor Body Thickness mm

50 100
14.0 14.0
50 50
5.0 5.0
55.78 53.6
2.3 2.27
2,4 2,4
36.3 35
10.044 9.95
1530 7355
1.30 1.30
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Table 3. Test steps in the space propulsion system of
monopropellant type.

Propulsion
OPUISIO Title of the steps
system test steps

1 Preparing the hydrazine feed tank

2 Catalyst loading in the reactor bed

3 Preheating the bed catalyst

4 Preparation of measuring equipment
including software and hardware

5 Placing the equipment in the

vacuum pressure chamber
6 Inhibiting the propulsion system to
stand

Closing the force measuring load

7 cell to the propulsion system and

stand
8 The order of the test by entering the
feed into the reactor
9 Transmission of light and hot gases
to the nozzle
10 Record the measured data
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Figure 3. Appearance structure of IT/y — AL, 03 catalysts by SEM method.
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Figure 4. Appearance structure of Ni/y — AL, 05 catalysts by SEM method.
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Figure 7. Gas and catalyst temperature changes and ammonia decomposition rate according to the length of the reactor be
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Figure 9. Changes in specific impact and effective diffusion coefficient in the catalyst according to the length of the reactor bed
(a) Changes with Ni/y — AL, 05 catalyst, (b) Changes with Ir/y — AL,O;catalyst.
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Figure 10. Changes in the speed of heterogeneous decomposition reactions of hydrazine and ammonia according
to the length of the reactor bed (a) Changes with Ni/y — AL, 0 catalyst, (b) Changes with Ir/y — AL, O;catalyst.
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Table 4. Comparison of the results of the catalysts in the output of the space propulsion system.

Measuring parameters

30 % Iridium catalyst on
gamma alumina

15 % Nickel catalyst on
gamma alumina

1 The amount of _arnmonia %
decomposition

2 The amount of hydrazine output %
3 Amount of ammonia output %
4 The amount of hydrogen output %
5 The amount of nitrogen output %
6 Exhaust gas temperature °C
7 Catalyst bed temperature °C
8 Maximum catalyst temperature °C
9 Bed outlet pressure bar
10 thrust force N
11 special impulse Sec
12 Bed pressure drop bar
13 thrust power j/Sec

92.8 94.1
0.30 0.7
3.70 2.7
63.30 65.6
32.70 31.1
632 560
640 567
817 736
4.62 4.44
5.30 51
228 225
0.38 0.46
2.77 4.48
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Table 5. Results of Grubbs test of thrust force with 95% confidence level with 15% nickel catalyst based on gamma alumina.

Thrust Force(N)

Average Results

4.97
5.05
5.15
5.10

5.07

2w N R

Standard Deviation Grubbs Test
1.270
0.228
0.0768
1.075
0.423
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Table 6. The results of Grubbs special impact test with 95% confidence level with 15% nickel catalyst based on gamma alumina.

Special Impulse(Sec) Average Results Standard Deviation Grubbs Test
1 221 1.265
2 227 0.632
225.00 3.1623
3 224 0.316
4 228 0.949
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