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Figure 1- Solid propellant micro thruster[2]
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Table 1- Summary of propellant research in solid propellant micro thruster

Researcher Propellant Study type Total impulse Thrust Specific Chamber Chamber size
(mN . s) (N) impulse (s) length (mm) (mm)
Lee and Kim [15] LTNR Experimental 0.381 3.69 62.3 0.27 ®1.0
Rossi et al. [16] GAP/AP Experimental 7.3 0.3-2.3 - 1.0 15x%x 15
Tanaka et al. [17] B/KNO, Experimental 0.5 0.15 - > 0.6 ®1.2
Zhang et al. [18] HTPB/AP Experimental 0.004-0.013 0.0017 - - 0.5
Yu [19] LTNR/NC | Experimental 0.256 - - 1.0 ®0.7
Zhang etal. [20] | Gunpowde | Experimental 0.035-0.222 0.05- - 0.6 1.0x0.5
r & Numerical 0.34
Puchades et al. Al/Bi; O3 Experimental - 0.002- - - -
[21] Alll, Os 0.6
Ru[11,22] Al/CuO/N Experimental 0.430-0.496 0.36— 33.9-38.9 0.6 0.7
C & Numerical 0.41
Wang [10] Al/CuO/N Numerical 0.525-0.957 - 33.5-61.0 1.0 15x15
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Table 2- Micro thruster dimensions (mm)
Chamber Chamber Nozzle throat Nozzle outlet Nozzle divergence Nozzle  convergence Nozzle  divergence
Length (mm) Diameter (mm) Diameter (mm)  Diameter (mm) length (mm) length (mm) angle(deg)
2 1.2 0.18 0.363 0.650 0.4 8
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Figure 2- Schematic view of micro thruster
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Figure 3- Shape and geometric parameters of the grains used in this study
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Figure 4- Burning of micro thruster solid fuel grain (step by step)
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Table 3- Characteristics of propellant[23]

1-Type: Composite Propellant
Binder Polysiloxane or Glycidyle Azide Polymer
Oxidizer NH,CLO,
Fuel Al, Zr, B ,Mg
2- Characteristics Of Propellant

Y 13 Pp 1500 (kg/m°)

Co 1885 (J/kg.K) | a | 7.76e-5 (kg" m**" s™™?)
R 435 (J/kg.K) | b 0.001 (m/s)

he 376e4 (Jkg) | n 0.29
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Table 4- Skeletal mechanism C/H/O/CL

Reaction Ax B E.
H+02=>0H+0 2.00E+14 0.00 70.3
O+H2=>H+OH 5.06E+04 2.67 26.3
OH+H2=>H+H20 1.00E+08 1.6 13.8
20H=>0+H20 1.50E+09 1.14 0.42
2H+M=>H2+M 1.80E+18 -1.0 0
H+OH+M=>H20+M 2.20E+22 -2.0 0
H+O+M=>0H+M 4.70E+18 -1.0 0
20+M=>02+M 2.90E+17 -1.0 0
CO+0OH=>CO2+H 4.40E+06 15 -3.1
CO+02=>C02+0 2.50E+09 0.00 200
CO+0+M=>C0O2+M 1.00E+13 0.00 -9.7
H+HCL=>H2+CL 2.00E+13 0.00 14.65
H+CL2=>HCL+CL 8.59E+13 0.00 4.898
HCL+OH=>H20+CL 2.45E+12 0.00 4.6
HCL+O=>0OH+CL 5.24E+12 0.00 26.8
2CL+M=>CL2+M 2.34E+14 0.00 -7.53
H+CL+M=>HCL+M 7.20E+21 -2.0 0
Units are cm, mol, s, Kj/mole, and K.
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Table 5- Boundary conditions and Initial value

Boundary conditions Initial value
Inlet Mass flow inlet Pini 101325 Pa
Outlet Pressure outlet Tini 300 K
wall Wall (with and without heat transfer) | mini | Pin. V(X)/R. Tini
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Figure 5- Validation of the results (pressure vs burning time) with ref [5]
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Figure 6- Validation of the results (burning area vs burning time)with ref [5]
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Table 6- considered different cases in the present work according to figure 3

Case # Loum) | R(um) | Riy(um) | Rx(um) | Rs(um) | a(deg) | N Slxndgi
1 2000 30 100 600 200 90 41 -
2 2000 30 100 600 200 45 8| -
3 2000 30 -—-- 600 200 0 0 Circle
4 2000 30 100 600 200 90 4 | With Heat Transfer
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Figure 7- The graph of the K, variation according to the burning time
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Figure 8- The graph of the pressure chamber variation according to the burning time (e=0, h=0 W/m*K , P,=1 bar)
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Figure 9- The graph of the thrust variation according to the burning time (e=0 , h=0 W/m*.K , P,=1 bar)
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Figure 10- The effect of the heat transfer on chamber pressure according to the burning time (P,=1 bar)
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Figure 12- The effect of thrust variation according to the burning time
for atmospheric pressure and vacuum (e=0 , h=0 W/m?.K)
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Figure 13- Total impulse variation according to A¢/A, ratio (=0 , h=0 W/m?.K)
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Table 7- Maximum value of different parameters

Parameter N=4 N=8 N=00 N=4(Heat Loss) | N=4(Vacumm)
Max K, 86.24 90.21 91.68 84.24 86.24
Max Pressure(bar) 9.24 9.80 10.0 9.166 9.24
Max Thrust(N) 0.0271 0.0294 0.0302 0.0268 0.0375
I1sp(N.s) 0.0028308 | 0.002802 0.002751 0.002463 0.007451
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Figure 14-Variation of CL2,CL and HCL mass fractions according to burning time
(N=4, Vacume, e=0.25 , h=200 W/m*K)
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Figure 15-Variation of maximum reaction rate 12 and 16 according to burning time
(N=4,Vacume, e=0.25 , h=200 W/m?.K)
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English Abstract

Numerical Analysis Of Internal Ballistic Of Solid Fuel Micro-Thruster For
Use In Space Applications
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In the present study, an attempt was made to numerically simulate the internal ballistics of a solid fuel micro-thruster. The
simulation is performed by a one-dimensional code that includes the equations of mass, energy (heat transfer), species and
state. The results are validated by one experimental work that show good compliance. The grain used in Micro thruster is of
Finocyl type, which is designed in three modes of 4, 8 and infinite fin. The angles of the fins are 90,45, 0 (circle) degrees,
respectively. The mentioned equations form a set of equations from which the values of pressure P, temperature T and mass
m are obtained and by obtaining these three parameters, the amount of grain's burning time t ,grain's burning rate r°,pressure
and mach at the exit of convergent-divergent nozzle P, and M, can be determined. At the end calculated thrust and total
impulse. The results show that the use of Finocyl grain due to the increased level of burning causes the chamber pressure to
increase and more thrust to be generated. The results also show that in the presence of heat transfer, the chamber pressure is
reduced by approximately 0.5 bar and the total impulse is reduced by 15%.

Keywords: Micro-thruster, Internal ballistic, Finocyl grain, Solid fuel
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