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Micro-propulsion Systems are low thrust engines that can be used in space missions
such as keeping satellite in orbit and changing orbit. These engines exist in several types
and also liquid propellant micro-propulsion is used in this project. Various fuels and
oxidizers can be used in two propellant micro-propulsion systems. In this project,
Kerosene and liquid oxygen are used as fuel and oxidizer respectively. First of all, a
micro-propulsion is designed and combustion, heat transfer, nozze exit flow and amount
of performance’s parameters analysis is done with RPA software. micro-propulsion
systems have injectors, injection plate, combustion chamber and nozze like big engines.
All parts design will be explained. Accurate performance of engine is observed by
manufacturing designed model and performance of hot fire test. Finally, performance
parametersin hot fire test are compared with performance parametersin RPA.
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3. Space Shuttle Main Engine
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4. Cryogenic
5. Storable
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6. Liquid Oxygen
7. Getter
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11. Rocket Propulsion Analysis
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Le/Dt=2.95
Le/cl5 = 118.58 % (relative to length of cone nozzle with
Te=15 deg)
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Thrust and mass flow rates

Chamber thrust (vac): 0.10589 kN

Specific impulse (vac): 282.71123 s

Chamber thrust (opt): 0.09385 kN

Specific impulse (opt): 250.58142 s

Total mass flow rate: 0.03819 kg/s

Oxidizer mass flow rate: 0.02728 kg/s

Fuel mass flow rate: 0.01091 kg/s

Geometry of thrust chamber with parabolic nozzle

Dc =31.43 mm b =30.00 deg
R2=44.56 mm R1 =4.71 mm
L* = 1852.06 mm

Lc=289.50 mm/ Leyl = 54.52 mm
Dt=6.29 mm

Rn =1.20 mm /Tn = 20.12 deg
Le=18.56 mm /Te = 6.00 deg
De =14.59 mm

Ae/At=5.39

12. Alexander Ponomarenko
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Table 1. Thermodynamic propertics

Parameter Injector Mozzle inket Mozzke throat Nozzle exit Unit.
Pressure 20900 200687 11983 Q700 MPa
Tesmperature: 719502 FATLEH 3095181 25511810 K
Enthalpy 100255778 ~1026.3648 -1662.7723 =412 1574 Lilo]
Entrogy 13132 13133 11,3133 13133 Kikyk)
Irternal energy -1223.5081 -2128.8400 -2P92.5756 -5233.2651 L]
Specific heat (p=const) 0850 0893 BEAIT 35716 KikyK)
Specific heat {V=const) 60006 60008 58575 107 KkyK)
Gamma L1614 L1814 11716 11998

Iseniropic exponent 1.1307 1.1307 11273 11358

Gas constant 03464 03464 03414 035 Kkyk)
Molecular welght (M) 40059 24,0060 24,3555 15,8649

Moleculsr weight (MW) Q2401 0.02401 0.02436 0.02586

Density 17214 17203 1.0606 0085 kayim?
Sonic velocity 1165.0504 11660215 1128.5351 566.8031 mys
Velooty QL0000 278211 1128.5351 26027753 mfs
Mach nurmber 0.0000 ug239 1.0000 26521

Aoea ratio 25,0000 25.0000 10000 53679

Mass fux 478617 478617 1196.9777 D167 kgi{mis)
Mass Fan: (relative) 0z 051004 Kal(Ns)
Viscesity 0.0001077 0.0001077 0.0001043 B.762e05  kgl(mes)
Conductiity frozen 0.32% 03255 03118 02466 WimK)
Specific heat {peconst), frozen 185 155 1943 1B KilkyK)
Prandd numiber, frezen 0.6453 05953 0.6502 0.6731
Condudtivity, effective 1581 1581 1471 062 Wilm'K)
Spedific heat {p=const), effecte 7089 7089 £.853 3572 KifkyK)
Prangd number, effactive 0.463 0483 04869 0.4558
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