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Design and Development of a Flight-model Cold Gas Propulsion System 

By Mojtaba Ghasemi and Abdolrahim Rezaeiha 

Sharif University of Technology, Tehran, Iran 
rezaeiha@alum.sharif.edu 

   Cold gas propulsion system is one of the best choices to perform an orbit maneuver, with a small 
velocity change, for a microsatellite when the main criteria are simplicity, low-cost, and short time of 
development. The system main disadvantage may be low specific impulse which makes its application limited 
to low total impulse tasks. Therefore to increase the orbit altitude of a microsatellite, with a mass of less than 60 
kg, for about 150 km with a velocity change slightly less than 50 m/s, cold gas propulsion system has been chosen. 
The system is designed to produce 1 N of thrust using N2 as propellant discharging from a nozzle located at the 
satellite center of mass. The system total mass is about 14 kg and it carries 5 kg of propellant in a full-composite 
tank. All the different parts of the system including thruster, tank, pressure regulator, fill/vent valve, isolation 
valve, etc have been designed and developed and passed various functional and environmental tests to qualify 
the space standards. In this paper, the design and the development of the flight-model cold gas propulsion system 
is reviewed in brief. 

Key Words: Design and Development, Cold Gas Propulsion System, Flight-model 

Nomenclature 

V : Voltage 

F
T
Pr
P
R
M 
Ibit

Isp 

: Thrust 
: Temperature 
: Pressure 
: Power 
: Universal constant of gases 
: Molecular mass 
: Impulse bit 
: Specific Impulse 

Subscripts 

th  :  thruster 

V 
in 

:  vacuum 
:  inlet 

1. Introduction

Cold-gas systems use an inert cold gas as the propellant

(working fluid). Besides the propellant, cold gas systems 

consist of one or more engines (cold gas thrusters), a 

propellant storage tank, and some tubing. As propellant any 

gas may be used (Table 1). However, in practice mostly 

nitrogen and helium are used. This is because these gases are 

highly inert (do not react) and have a reasonably low 

molecular mass. Compared to nitrogen, helium offers the 

advantage of a specific impulse being about 2.5 times higher 

than for nitrogen, allowing for a significant reduction in 

propellant mass, but at the expense of an increased storage 

volume or pressure (about a factor 7) and a higher cost. The 

thruster essentially consists of a nozzle and a valve. The 

nozzle accelerates the cold gas to a high velocity, whereas the 

valve regulates the thrust generation (on/off switching). The 

storage tank stores the cold gas prior to its use under high 

pressure to limit the tank volume. The tubing connecting the 

tank and the thruster(s) is necessary for feeding the gas from 

the storage tank to the thruster(s). The thrusters are usually 

operated in a blow-down mode (pressure decreases; compare 

the pressure in a balloon during emptying). The energy 

required for propulsion is fully contained in the pressurized 

gas. No heating of the gas takes place. Instrumentation might 

be present for estimation of propellant remaining. A schematic 

of a cold gas propulsion system is shown in Figure 1. 

  Cold gas systems have been used on many early spacecraft 

as attitude control systems. Today, these systems are mostly 

used in cases requiring low total impulse of up to 4000 Ns or 

where extremely fine pointing accuracy or thrust levels must 

be achieved or the use of chemical propellants is prohibited 

for safety reasons. Furthermore, because of its simplicity; very 

low thrust levels of several tens of mN are attainable with 

minimum impulse bits in the range of 0.1 mN-s. Specific 

impulse values typically are in the range of about 68 s for 

nitrogen gas.  

  Cold gas propulsion has been applied on COS-B, OTS, 

EURECA, ASTRO-SPAS, HIPPARCOS, EXOSAT and 

STRV-1C and -1D. It is also incorporated on the Dutch 

SLOSHSAT, which supposedly was launched in 20051). Cold 

gas technology is available from amongst others STERER, 

Marotta, and Moog (USA), DASA (Germany), Rafael (Israel) 

and Bradford Engineering (The Netherlands).  
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Table 1. Properties of gases used as propellant in cold gas propulsion 

system (Theoretical Isp is for vacuum, frozen equilibrium, area 

ration=100, gas temperature=311 k.2)

Gas M k R Isp Theo. Isp Meas. 
Helium 4 1.659 2079 (386) 176 158 

Nitrogen 28 1.4 269.9 (55.1) 76 68 
Freon-12 88 1.22 94.5 (17.6) 49 46 
Freon-14 121 1.14 68.7 (12.8) 46 37 
Ammonia 17 1.31 489 (90.8) 105 96 
Hydrogen 2 1.40 4157 (767) 290 260 

Nitrous 
oxide 

44 1.27 188.9 (34.9) 67 61 

Typical price for a cold gas thruster was about 20,000 Euro in 

2000 including documentation. Without documentation, and 

for larger quantities, considerable price reductions (about a 

factor 4 or more) could be obtained per unit. Typical prices for 

other cold gas propulsion system components are in the range 

of Euro 5,000-25,000 (1994), excluding costs for 

documentation and qualification1,2,3,4,5,6). 

Fig. 1. Cold Gas Propulsion System schematic 

Cold gas propulsion system was considered to be designed to 

perform a 150 km orbit maneuver for a 60 kg 

microsatellite at Sharif Tech. University8-10, with a velocity 

change less than 50 m/s. The system is going to produce 

thrust around 1 N using N2 as propellant discharging from 

a nozzle located at the satellite center of mass. The system 

total mass is about 14 kg and it carries 5 kg of propellant 

in a full-composite tank. All the different parts of the 

system including thruster, tank, pressure regulator, fill/vent 

valve, isolation valve, etc have been designed and 

developed and successfully passed various functional 

and environmental tests to qualify the space standards. 

The design and development of the flight-model cold gas 

propulsion system is reviewed in this paper and all the 

different tests (according to ECSS) which the system has 

managed to qualify are reported with the results of thrust 

measurement. 

2. Cold gas propulsion system

A scientific satellite with 60 kg mass and 2 years life time is
designed and one of its mission is to perform a maneuver to 
raise the satellite orbit from 350 km to 450 km. Cold gas 
propulsion system is chosen to carry this out while each time 
it fires 30 seconds around the apogee for about 40 times in 3 
days to perform this maneuver.  
The propulsion system total mass is 14 kg when it carries 5 kg 
of GN2 as propellant in its full-composite tank. The tank 
operating pressure is 350 bars, while it decreases to 12-20 bar 
at thruster inlet through 2 regulators in series. The propulsion 
system is designed to produce 1 N of thrust in vacuum 
condition and its specific impulse is 70 s. The system consists 
of various parts which are listed below in the order of the 
main system: 

 Fill/Vent valve
 Tank
 HP pressure transducer
 Filter
 Isolation valve
 HP pressure regulator
 LP pressure regulator
 LP pressure transducer
 Thruster

 Solenoid valve
 Nozzle

The mass divisions of the system are shown in Table 2. In the 
following sections, come the design and development and 
characteristics of all the different parts of the system are 
explained briefly. 

Table 2. Cold gas system mass divisions 

Element Mass (kg) 

Tank (dry mass) 6 

Propellant 5 

Thruster 0.3 

HP regulator 0.65 

LP regulator 0.45 

Fill/Vent valve 0.282 

Isolation valve 0.4 

Pressure transducers 0.3 

Filter 0.15 

Connections 0.45 

System Total Mass 14 

2.1.  Tank 
The tank designed and developed is a full composite tank 
which utilizes T800 carbon fibers and 5052 epoxy and 
polymer liners in its composition. Its volume when there is no 
pressure inside is 16.5 liter and when the pressure is applied 
the volume increases to 17.2 liter. The tank has 42 cm 
diameter and 30 cm height and is designed for an operating 
pressure of 350 bars. Its proof pressure is 525 bars and its 
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burst pressure is 700 bars. The tank dry mass is 6 kg. 

2.2.  Pressure transducer 
Two pressure transducers are used in the system. One HP 
pressure transducer is located exactly after the tank and is able 
to measure the pressure up to 400 bars. This one is used to 
show the tank pressure.  
Another LP pressure transducer is used after the regulators 
and before the thruster to measure the pressure of the flow 
entering the thruster. This pressure is what is considered as the 
inlet pressure to the thruster nozzle. The LP pressure 
transducer is able to measure pressure up to 40 bars. 

2.3.  Filter 
A HP filter with steel structure and a 15 micron titanium 
screen is used after the HP pressure transducer and before the 

regulators in the system. 

2.4.  Isolation valve and Fill/Vent valve 
An isolation valve is used in the system to isolate the tank 
from the thruster and it acts as a shut-off valve which opens 
whenever the system is going to produce thrust and closes 
when the thrust is needed to stop. This valve has the external 
leakage of 10-6 scc/sec and its mean effective operating 
pressure (MEOP) is 350 bars. It has also its proof pressure 
equal to 1.5*MEOP and burst pressure 2.0*MEOP. This valve 
uses 1 A current at 12 V to open once and its mass is 400 gr. 
A Fill/Vent valve is also used on the tank to let the tank be 
filled and vented. 

2.5.  Pressure regulators 
A HP regulator which reduces the tank pressure (350 bars) to 
50 bar is used right after the isolation valve. Its mass is 650 gr. 
Another LP pressure regulator is used after the first regulator 
to reduce the pressure from 50 bars to adjustable 12-20 bars 
and the regulator is 450 gr. A picture of that is shown in 
Figure 7. 

2.6.  Thruster 
Cold gas thruster itself consists of two parts, solenoid valve 
and nozzle, each are designed and developed and passed 
different functional and environmental tests. According to the 
solenoid valve mechanism, it made be located parallel or 
perpendicular to the linings. It actually opens and closes the 
gas flow to the nozzle, hence using that, the thrust production 

Fig. 5. Fill/Vent valve 

Fig. 6. Isolation valve 

Fig. 4. 15 micron filter 

Fig. 2. Composite tank 

Fig. 3. Pressure transducer 
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frequency can be adjusted and also the period can be 
controlled. The designed solenoid valve works in the way 
described below: 
When no voltage is applied to the valve, the line to the nozzle 
is closed by the gas pressure itself and the force of spring 
(Figure 8). But when the voltage is applied, a magnetic loop is 
created and an armature under the effect of this magnetic field 
forces the spring to open the line. A schematic of its working 
principle is shown in Figure 8. In the right picture the valve 
has opened the line and in the left, it is vice versa.  
To prevent external leakage and to have enough strength 
against the gas pressure inside the valve, an integrated body is 
designed for the valve and nozzle. The converging-diverging 
nozzle is attached to the body using threads and is also welded 
to the surroundings at the end of the connecting process. In 
this way, there is no worry about the external leakage. The 
internal leakage is also not allowed by the force of spring on 
the sealing part. A cut-out 3D-model of the thruster is shown 
in the Figure 9 and it shows the solenoid valve, nozzle, and 
the way they are connected to each other.    

After passing the valve, gas enters the converging-diverging 
nozzle to accelerate to supersonic velocity. The exhaust gas 
velocity depends on many factors like inlet pressure, exit 
pressure, nozzle profile (area ratio, diverging angle, etc). this 
kind of thruster gets all its energy from conversion of the 
energy of high pressure gas entering the nozzle. Although 
depending on the exit pressure, some part of the thrust may be 
pressure thrust. 
Conical profile has been chosen for the diverging part of the 
nozzle. According to ref. 3 the improvement made for a 
bell-type nozzle at this dimension is quite negligible. The 
throat diameter is 0.75 mm and the nozzle outlet diameter is 3 
mm, it makes the angle of diverging section to be 24 degrees. 
Figure 9 shows a picture of the thruster developed. 

Simulation of the flow inside the nozzle was accomplished 
utilizing CFD method done by the commercial software 
FLUENT 6.3 and the axisymetric grid was generated using the 
commercial software GAMBIT. In the simulation, GN2 was 
selected as the fluid and also to approach the real environment 
condition, length of computational space was considered 50 
times of nozzle characteristic length. The iteration started with 
500,000 grids but after the first solution, the grid was 
optimized and refined where the pressure gradient was most 
and coarsened where no significant gradient existed. This was 
done time and again to achieve the condition for the grid and 
results. As a result of the compressibility effects, an implicit, 
density-based method was chosen which discretizied the flow 
equations using Roe-FDS flux type and turbulence terms were 
solved using K-Є standard method with standard wall 
functions. Simulation was done for different conditions when 
inlet pressure varied from 12 to 20 bars and outside 
environment pressure varied from sea level to vacuum 
condition. 
The results of the conceptual design of the thruster are the 
requirements and limitations forced on the design and 
development process which are shown in Table 3. Figure 10 
also shows all the components of the cold gas propulsion 
system assembled and that is the final configuration for the 
flight-model. 

Table 3. Cold gas thruster development requirements 

Inlet pressure 12-20 bar 

Thrust ≈ 1 N 
External leakage 10-6 scc/sec 
Working cycle Over 10,000 

Valve response time Less than 50 ms 
Power Max 10 W 

Voltage 12 V 
Mass flow ≈ 5 gr/s 

Thruster mass Max 300 gr 

3. Description of tests

Table 4 shows the list of tests for a thruster according to 
European Cooperation for Space Standardization (ECSS) 
ECSS-E-10-03A. Considering that, the required tests for 
thrusters are listed below: 

 Physical properties

Fig. 7. Pressure regulator 

Fig. 8. Schematic of solenoid valve 

Fig. 9. A picture of the nozzle 
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 Functional and performance
 Pressure
 Sinusoidal vibration
 Random vibration
 Thermal vacuum
 Thermal cycling

In addition, leak test is also needed for a system which uses 
gases or fluids. 

The functional and performance tests of thruster include 
measurement of thrust and performance parameters. The 
results of thrust simulation and measurement are shown in 
Table 5. 

Table 5. Results of thrust simulation and measurement 

Nozzle inlet pressure 13 bar 14 bar 15 bar 

Thrust measured (at SL) 0.444 0.510 0.570 
Thrust simulated (at SL) - - 0.55 

Thrust simulated (in vacuum) 0.85 0.92 0.98 

Figure 11 and Figure 12, show the Mach number contour for 
the simulation of nozzle at sea level and vacuum condition, 
respectively. The Mach number contours show that at sea 

level a normal shock wave integrated with several oblique 
shock waves are created inside the diverging nozzle so that the 
exhaust velocity is subsonic somewhat. But in vacuum 
condition and as a result of low back pressure, the flow is fully 
expanded and exhaust velocity is fully supersonic. 

To be qualified as a flight-model, all the various parts of the 

system have passed required tests which are explained here. 

Tank has managed to pass proof pressure test at 1.5*MEOP and 

also burst pressure test at 2*MEOP, a picture of the tank burst at 

730 bars is shown in figure 13. Also leak test, physical properties 

test, shock and vibration test, thermal vacuum test, and thermal 

cycling test have all been successfully passed. These tests have 

been conducted on all the different parts of the system including 

isolation valve, fill/vent valve, solenoid valve, pressure regulators, 

pressure transducer, and filter. Figure 13 shows the thruster on the 

leak test with helium. 

Table 4. ECSS-E-10-03A for thruster7) 

Fig. 11. Mach number contour at sea level 

Fig. 12. Mach number contour in vacuum condition 
Fig. 10. Cold gas propulsion system assembled 
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4. Conclusion
To perform an orbit maneuver from 350 km to 450 km for a
60 kg satellite, cold gas propulsion system was selected. The
cold gas propulsion system is designed and developed to
produce 1 N thrust at 70 s specific impulse to carry out the
mission at 40 pulses, each 1 minute length at apogee. The
stored gas pressure in tank is 350 bars and it decreases to
12-20 bars at nozzle inlet using pressure regulators. The
system has managed to pass different functional and
environmental tests according to European Cooperation for
Space Standardization (ECSS-E-10-03A) and is capable of
being qualified as flight-model.

References 

1) Zandbergen, B.T.C.: Cold Gas Systems, TU Delft Website,
Department of Space Systems Engineering.

2) Brown, C. D., “Elements of Spacecraft Design,” AIAA Education
Series, 2002. 

3) Sutton, G. P., Biblarz, O., “Rocket Propulsion Elements,” 7th
edition, John Wiley & Sons, Inc., New York, 2001. 

4) 

5) 

6) 

7) 

Hashem, A. A., “Design and Testing of a Cold Gas System,” 4th Int. 

Spacecraft Propulsion Conference, ESA SP-555, 2004. 

Cardin, J. M., Acosta, J., “Design and Test of an Economical Cold 

Gas Propulsion System,” 14th Annual/USU Conference on Small 

Satellites, 2000. 

Bzibziak, R, "Update of Cold Gas Propulsion at Moog," 3rd 

International Spacecraft Propulsion, 2000. 

European Cooperation for Space Standardization, Space 

Engineering Testing, ECSS-E-10-03A, 15 February 2002. 
Rezaeiha et al., "Design, development and operation of a laboratory 
pulsed plasma thruster for the first time in west Asia," Transactions of 
JSASS, Aerospace Technology Japan, vol. 9, pp. 45-50, 2011.
Rezaeiha et al., "Analysis of effective parameters on ablative PPT 
performance," Aircraft Engineering and Aerospace Technology, 
Submitted.
Rezaeiha A, "Effect of power on PPT discharge current," Aircraft 
Engineering and Aerospace Technology, Submitted. 

Fig. 13. Tank burst at 730 bars 

Fig. 14. Thruster leak test with helium 
8) 

9) 

10) 




