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FOREWORD 
 

 
Space is the immediate environment of the Earth and access to space has always 

fascinated humans. The mythology of many past societies is full of examples of this 
fascination. It is however since only approximately 100 years that Humanity is able to imagine 
and accumulate the scientific knowledge basis and to develop the technologies to escape from 
the Earth gravity. This long process has culminated in the 1960ies and since then Humanity 
has entered the space age. 
 

Access to space and its exploration are today major scientific, technological and 
economic activities for many countries. The benefits of space activities are now generalizing 
more and more to all countries. Worldwide telecommunications are today possible thanks to 
satellite technologies. Earth observation from space has acquired a major importance for 
natural risk monitoring. Microgravity is offering many scientific and technological opportunities. 
Space sciences are enlarging our knowledge on the universe and on our solar system. Finally, 
more intensive use of space resources may strongly develop in the future decades, including 
the use of materials from other planets and also accessing to abundant and continuous solar 
energy for both space and Earth use. 
 

All these present and future space activities need access to space. This branch of 
space science and technology is called space propulsion. The Istanbul Space Propulsion 
Workshops are planned as contributions to enhance and disseminate the state of the art 
technologies in space propulsion. The ISPW2004 is the first of this series where some of the 
major space propulsion technologies will be discussed. 
 

ISPW2004 is organized by the joint efforts of ASTIN and several universities, and 
with the sponsorships of TUBITAK and HAVELSAN. Colleagues and institutions from many 
countries have contributed to its organization. We sincerely thank all of them and we firmly 
believe that initiatives such as the Istanbul Space Propulsion Workshop will consolidate the 
international efforts for the use of space resources for the benefit of all of us. 

 
 
 
 

                     Sefer KURNAZ 
                              Dr.Col.   

              Director of ASTIN  
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WORKSHOP COMMITTIEES 
 
 

Organized by: 
Aeronautics & Space Technologies Inst.(ASTIN), TUAF Academy, Turkey 
Boğaziçi University, Turkey 
Istanbul Technical University, Turkey 
Maltepe University, Turkey 
 
In Technical Co-operation with: 
IEEE Aerospace & Electronic Systems Soc.   
EPEE, CNRS & University of Orleans 
CNRT Propulsion du Futur, Orelans-Bourges 
 
Honorary Chair: 
Major Gen. Şevket Dingiloğlu (Commander,  TuAF Academy) 
 
General Chair: 
Dr. Col. Sefer Kurnaz (ASTIN) 
 
Technical Program Chair: 
Iskender Gökalp (CNRS)  
 
Advisory Committee: 
Fuat İnce (ASTIN, Maltepe University) 
Sami Ercan (Marmara University) 
Brig Gen. Abidin Ünal (TuAF) 
R. J. Lefevre (AESS, IEEE) 
 
International Relations Co-chairs: 
Okyay Kaynak (ASTIN and Boğaziçi Un.) 
Seyhan Onbaşıoğlu (ASTIN and ITU) 
 
Publications Chair: 
Capt. Süleyman Baştürk (ASTIN) 
1st  Lt. Hakkı Aktaş (ASTIN) 
 
IT Facilities Chair: 
Dr. Lt. Col Serdar Kargın (ASTIN) 
 
Publicity Chair: 
Hakan Temeltaş (ASTIN and ITU) 
Tayfun Günel (ASTIN and ITU) 
 
Organization Committee: 
M.Fevzi Ünal  (ASTIN and ITU) 
M.Adil Yükselen (ASTIN and ITU) 
Capt. Mehmet Fidancı (ASTIN) 
1st Lt. Orhan Gözaydın (ASTIN) 
2nd Lt. Volkan Sönmezer (ASTIN) 
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LOCATION 
 

CEYLAN INTERCONTINENTAL HOTEL 

Asker Ocağı Cad. No:1 Taksim 34435,  
Istanbul, Turkey 
Tel:  +90 212 231 2121 
Fax: +90 212 231 2180 
E-mail: istanbul@interconti.com.tr 

 

 
 
 
 
 

mailto:istanbul@interconti
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PROGRAM AT A GLANCE 
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WORKSHOP PROGRAM 

 
10TH JUNE 2004 THURSDAY 

 
OPENING CEREMONY 

Time Activity 

09:00 Opening 

09:01-09:15 Welcoming Speech by Maj. Gen. Şevket DİNGİLOĞLU 

(Commander of Turkish Air Force academy) 

 
ACCESS TO SPACE 1 

(09:15-12:00) 
Chair: İ. Gökalp 

Time Author Title 
09:15-10:20 H. Immich   
10:20-10:40 COFFEE BREAK  
10:40-11:20 A. Souchier & E. Hermant Large Liquid Rocket Engines for European 

Access-to-Space 
11:20-12:00 Prof. W. Koschel  The DLR Space Propulsion Test Centre – 

Research and Service for the European Industry 
12:00-13:30 LUNCH 

 
ACCESS TO SPACE 2 

(13:30-16:30) 
Chair: Ö.L. Gülder 

Time Author Title 
13:30-14:10 M. Calabro New Propulsion Systems for GEO Transfer 

Stages 
14:10-14:50 C. Yildirim, H. Aksel  Numerical Simulation Of The Grain Burnback  

In Solid Propellant Rocket Motors 
14:50-15:10 COFFEE BREAK 
15:10-15:50 A. Ulaş, M.Ali Ak Design And Testing Of A Hydrogen Peroxide-

Kerosene Liquid Rocket Engine 
15:50-16:30 K. Atilgan Toker Roketsan’s Technological Capabilities For Space 

Propulsion Applications 
 

PANEL 1 – AEROSPACE EDUCATION 
(16:30-18:30) 

Chair : Özer Arnas 
Participant Affiliation 
Prof. W. Koschel Aachen Univ and DLR 
C. Mounaïm Univ of Orléans and CNRS 
Y. Tulunay Istanbul Technical University 
S. Akmandor Middle East Technical University 
S. Kurnaz Aeronautics and Space Technologies Institute 
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11th JUNE 2004 FRIDAY 
 

NEW PROPULSION CONCEPTS 
(09:00-12:00) 

Chair: İ. Gökalp 
Time Author Title 

09:00-09:40 İ. Gökalp Studies on Metallized Propellants for Space 
Applications 

09:40-10:20 M. Calabro  Use of Beamed Energy for Propulsion 
10:20-10:40 COFFEE BREAK  
10:40-11:20 F. Falempin High-Speed Airbreathing Propulsion  

Possible Application and Way Forward 
11:20-12:00 T. Bahar Research on Ceramic Materials and Boron 

Chemicals at TUBİTAK-Marmara Research 
Centre 

12:00-13:30 LUNCH 
 

ELECTRIC PROPULSION & SATELLITE PROPULSION 
(13:30-16:30) 

Chair: M.F. Ünal 
Time Author Title 

13:30-14:10 E. Hermant Electric propulsion and satellite propulsion at 
Snecma Moteurs 

14:10-14:50 M. Dudeck Hall Propulsion for Space Applications: 
Overview of French Research Activities 

14:50-15:10 COFFEE BREAK 
15:10-15:37 I. Bayir Satellite Propulsion Systems and New 

Tecnologies 
15:37-16:04 A. Baker & P. Stephens Low cost propulsion for constellation forming on 

SSTL’s Disaster Monitoring microsatellites 
16.04-16:30 A.Yücel Erbay A Short Overview on Current and Future Trends 

in Earth Observation Satellites and Their Impacts 
in Turkey 

 
PANEL 2 – INDUSTRIAL PARTNERSHIP IN NEW TECHNOLOGIES FOR AEROSPACE 

(16:30-18:30) 
Chair : Arsev Eraslan 

 
Representatives of European and Turkish industrial participants 
 

 
12th JUNE 2004 SATURDAY 

 
PANEL 3- INTERNATIONAL COOPERATION IN AEROSPACE RESEARCH AND 

TECHNOLOGY AND PROSPECTS FOR FUTURE WORKSHOPS 
(09:00-12:00) 

Chair : Abidin Ünal, Fuat İnce         
 

Representatives of European and Turkish participants 
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ABSTRACTS 

 
Large Liquid Rocket Engines for European Access-to-Space 

 
 
Alain Souchier “Head R&D , European co-operation and future programmes” 
& Jean-Noël Couteau “Head of advanced projects” 
Division Moteurs Spatiaux – DGPL 
Forêt de Vernon BP 802 
27208 Vernon  Cedex – France 
 
Eric Hermant “Head of the engineering and development department” 
Division Moteurs Spatiaux – DPES 
Site de Villaroche Nord – BP 93 F 
77552 Moissy-Cramayel Cedex –France 
contact:alain.souchier@snecma.fr 
 

Liquid Rocket Engines are key components for Access-to-Space, its reliability and 
its overall cost. They are used both at high thrust for take-off and trans-atmospheric phases 
and in vacuum on upper-stages where the main drivers are cost and specific impulse (Isp). In 
this field of activity, Snecma Moteurs and more precisely the Large Liquid Propulsion 
Directorate based in Vernon (west of Paris – France) and Kourou (at the European Spaceport 
in French Guyana) is the European leader of a large group of industrial partners in charge of 
the design, development, manufacturing and integration, testing of Liquid Rocket Engines and 
their main components for the Ariane launchers family. 

 
The presentation will shortly review Snecma Moteurs activities for Liquid Rocket 

Engines in the frame of Ariane 1 to 4 and of the present Ariane 5 Launchers, including the 
foreseen evolutions of Ariane 5 and the development of the Vinci Engine. Then, it will focus on 
the preparation of the longer term future and the activities that are underway at Snecma 
Moteurs and between Snecma Moteurs and its main partners to prepare the future generation 
of Liquid Rocket Engines that will be needed in the future to ensure the European Access-to-
Space.  

 
These activities, dedicated to the preparation of the future, include the identification 

of the “most probable” needs in term of Liquid Rocket Engines, and the presently identified 
“targeted engines” will be described. Based on the identified “targeted engines”, a list of 
required or most valuable new technologies or technological improvements have been 
identified and introduced in Research and Technologies Programmes either performed under 
in-house or National or European funding. A set of these Research and Technologies actions 
will also be presented with the main results obtained up-to-now.  
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The DLR Space Propulsion Test Centre – Research and Service for the European 
Industry 

 
Wolfgang W. Koschel 
DLR Lampoldshausen 

 
A brief overview of the German Aerospace Centre, the DLR (Deutsches Zentrum für 

Luft- und Raumfahrt) – the national research institution and the national space agency – its 
role and organisation will be given.  
 

The DLR space propulsion test centre is located in Lampoldshausen and was 
founded in 1960 within the frame of the former European ELDO program. Within the following 
years it has been extended with a research branch. Since 1973 it is fully integrated in the 
Ariane program. Nearly all liquid rocket engines and even complete stages of the Ariane 4 and 
Ariane 5 family have been tested there. The actual tests are dedicated for the qualification of 
the modified Vulcain 2 engine, the cryogenic engine of the main stage. Further on the DLR 
has the special competence to develop and operate high altitude test benches. Thus the upper 
stage engine AESTUS of the Ariane 5 is tested under vacuum conditions. The high altitude 
test bench of the new upper stage cryogenic engine VINCI was developed by DLR and will go 
into operation end of this year. A brief description of these test installations will be given. 
 

In the second part some selected topics in the field of combustion research and 
thrust chamber technologies will be presented. The main areas were DLR is collaborating are 
high pressure rocket combustion, combustion instabilities, advanced nozzles, heat transfer 
and cooling issues. The research is executed in a network with German and French research 
institutes and industrial partners like EADS ST and SNECMA Moteurs. Most of the 
experimental work is centred on the European R&D test bench P8 which is utilised in common 
by France and Germany. 
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New Propulsion Systems for GEO Transfer Stages 
 

Max Calabro, Propulsion Expert, Consultant 
 

To day Ariane 5 delivers a payload on GTO orbit, the propulsion system of the 
satellite operates the final circularisation. 
 

To be cost efficient some operators propose a direct delivery into GEO on another 
hand there is a permanent research of launch vehicle performance increase one way of 
improvement could be to use electric propulsion but its very low thrust leads to too long 
transfer times so different systems are under study in Europe with a thrust level high enough 
to be compatible with relatively low transfer times. 
 

Depending of their technologies, they will need or need an additional system to start 
from a stable orbit depending of their thrust level, they will use: 

 
 Or a simple dual impulse transfer 
 Or a multi impulse transfer 
 Or a continuous transfer 

 
Quite all the studies concerns cryogenic stages (Lox/LH2 or LH2) under study are 

conventional stages using a restartable LH2/LOX expander engine, pressure-fed Lox/LH2 
solution but also Low thrust with electro pumps or Solar Thermal, or mixed solutions using 
solar energy capitation. 
 

This paper will describe the different approaches. 
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Numerical Simulation of the Grain Burnback  
in Solid Propellant Rocket Motors  

 
M. Cengizhan YILDIRIM** 

 Prof. Dr. M. Haluk AKSEL* 
 

Determination of the geometry of the grain and performance predictions of the solid 
rocket motors are the most important steps in designing solid propellant rocket motors. As the 
solid propellant burns, its geometry and some important ballistic parameters, such as burn 
area and port area, change with time. Grain burnback analysis deals with such changes.  

 
Grain burnback is nothing but a propagating interface. A propagating interface can 

develop corners and discontinuities as it advances. It is difficult to handle sharp corners and 
discontinuities during the solution. A method, called the Level-Set method, can be applied for 
the problems in which the solution has advancing fronts. Level-Set method is able to solve the 
problems of sharp corner formation and shape discontinuities as the front advances. One can 
define a function called the Level-Set function, which is always zero at the boundary of the 
front as the front moves. Adding a hypothetical third dimension, contours of which represent 
two dimensional moving front, one can obtain Level-Sets of time-dependent Level-Set function 
at any time. Level-Set method is nothing but a derivation of the special type of equation of 
motion. Therefore, one dimensional wave equation is taken as a reference. The difference 
between the wave equation and Level-Set equation is that the Level-Set equation governs the 
movement of a boundary or surface towards its unit normal vector. The initial configuration of 
the interface is constructed by defining the Level-Set values of each solution point according 
to their closeness to the interface. Afterwards, this interface is advanced by updating Level-Set 
values of these points according to the Level-Set numerical scheme.  

 
The most important advantage of this technique is that a general computer code can 

be prepared to handle interface movements for all interface shapes. 
 
This mathematical approach is used to determine the geometry of a solid propellant 

grain in a three dimensional space as it burns back. Therefore, the developed code is capable 
of handling a three dimensional, variable speed burnback of the solid propellant grain by using 
Level-Set numerical scheme. New algorithms defining initial grain configurations are 
constructed. The computer code is applied to some conventional and unconventional grain 
shapes of solid propellant rockets. The animated results taken during propellant burning are 
prepared for visualization purpose. The numerical results are compared with the analytical 
results or experimental results from static motor tests.  
 
Keywords: Solid Propellant, Grain Burnback Analysis, Level-Set Method, Internal Ballistic 
 
**Research Engineer, Turkish Scientific and Technical Research Council,  Defense Industries Research and 

Development Institute, Pk16, Ankara, TURKEY  
*Middle East Technical University, Department of Mechanical Engineering, 06531 Ankara, TURKEY 
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Design and Testing of a Hydrogen Peroxide-Kerosene Liquid Rocket Engine  
 

Abdullah ULAŞ1, Mehmet Ali AK2, Fatoş E. ORHAN†, D. Eren GÜNDÜZ†, L. Oktay GÖNÇ†, 
Bülent SÜMER†, Gökay PÜSKÜLCÜ†, Cengizhan YILDIRIM† 

 
 

In a joint research project between TÜBİTAK-SAGE and the Mechanical 
Engineering Department of METU, Turkey’s first operational liquid rocket engine has been 
designed, manufactured and tested.   

 
From the results of the thermochemical calculations, a bipropellant system was 

found to accomplish the desired thrust levels with acceptable mass flow rates of the fuel and 
the oxidizer. The feasibility analysis showed that hydrogen peroxide (H2O2), which can be 
obtained from the domestic market up to 70% concentration, could be used as the oxidizer. 
The jet fuel (which is also known as RP-1 or kerosene) was selected as the fuel. Due to the 
low specific impulse (Isp) of the 70% H2O2, a distillation setup was designed and manufactured 
to increase the concentration up to 90%, which is also specified as the rocket-grade hydrogen 
peroxide. 

 
The liquid rocket engine has the following specifications: a thrust of 4000 Newton, 

duration of 1 second, chamber pressure of 70 bar, oxidizer and fuel mass flow rates of 14.4 
and 1.6 kg/s, respectively, specific impulse of 250 seconds, and oxidizer-to-fuel ratio of 9. 

 
The liquid rocket engine is composed of the following parts: integrated combustion 

chamber and its nozzle, an injector, a pyrotechnic igniter, oxidizer, fuel and nitrogen gas tanks, 
and feeding systems consisting of flow and pressure control valves. 

 
The combustion chamber was designed to provide complete combustion of fuel and 

oxidizer. The bell-type nozzle provided optimum expansion with the minimum losses. 
 
 The high-performance injector was an unlike triple impinging type injector with 24 

injection ports for the fuel and 48 ports for the oxidizer. From the water tests, it was observed 
that this injector provided well-atomized and well-mixed mixtures of fuel and oxidizer. 

 
  The H2O2, RP-1 and nitrogen tanks were manufactured from aluminum 2014, 

which is a light-weight material compatible with rocket-grade H2O2. The H2O2 and RP-1 tanks 
were pressurized using high-pressure nitrogen gas.  

 
Due to the weight constraint of the overall system, direct flow control systems could 

not be used to control the flow rates of the fuel and the oxidizer; instead a cavitating venturi 
was designed and manufactured for this purpose. Cavitating venturi is an indirect flow control 
system and it is light-weight, simple, cheap, and it accurately controls the flow rates without 
being influenced from the pressure changes in the combustion chamber. Controlling flow rates 
with cavitating venturi has been also used extensively by the NASA in their liquid rocket 
engines.   

  
In this paper, the design, manufacturing, and testing of the system was presented.  

 
1 Asst. Prof. Dr., Email: aulas@metu.edu.tr, Tel: 312-210-5260, Adres: ODTÜ Makina 
Mühendisliği Bölümü, Ankara 
2 TÜBİTAK Savunma Sanayii Araştırma ve Geliştirme Enstitüsü, Tel: 312-590-9084, Pk.16 
Mamak Ankara 
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Roketsan’s Technological Capabilities for Space Propulsion Applications 

 
 
 TOKER Atılgan①   ARKUN Uğur ②  TINAZTEPE Tuğrul③  
 Roketsan A.Ş.  Roketsan A.Ş.  Roketsan A.Ş. 
 
 
 
Keywords:  Space Launch Vehicles, Solid Propellant Rocket Motors, Demonstration Motor  
 

ROKETSAN A.S. is a tactical missile manufacturer in Turkey, which is founded in 
1988.  The company has a wide range of solid propellant rocket motor (SRM) designs and 
participated in several joint programs in order to meet Turkish Military Force demands.  
ROKETSAN, as described in its establishment mission statement, continuously develops SRM 
technologies both under the projects of Ministry of Defense and in-house Research and 
Development (R&D) programs.  Although ROKETSAN established and developed its 
capabilities on SRM production for defense applications, space related engineering studies 
were carried out during recent years.  For this purpose an R&D project with Turkish Air Force 
requirements has been undertaken.  In this project ROKETSAN modeled space launcher 
systems and satellite orbit/attitude control propulsion systems.   
 

To achieve the objectives described, a brief description of ROKETSAN company profile 
is given and the projects of which are undertaken. SRM technology breakdown will be given in 
the presentation while describing engineering, production and test capabilities of ROKETSAN.  
In order to demonstrate and enhance design, analysis, production and test capabilities for 
space propulsion purposes, ROKETSAN using its in-house resources, developed a 
Demonstration motor.  Although this is a subscale motor, it represents important 
characteristics of a space launcher SRM.  The demonstration motor results show the 
capabilities of ROKETSAN development and manufacturing teams, which may be increased to 
meet the needs for space applications.  ROKETSAN continues to develop its current 
capabilities in order to be the manufacturer of the national launch vehicles of Turkey.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
① Roketsan A.Ş. Elmadağ, Ankara, TURKEY.  Tel:+90-312-8634200 (2462),  

e-mail: atoker@rkts.com.tr 
②  Roketsan A.Ş. Elmadağ, Ankara, TURKEY.  Tel:+90-312-8634200 (2406),  

e-mail: uarkun@rkts.com.tr 
③  Roketsan A.Ş. Elmadağ, Ankara, TURKEY.  Tel:+90-312-8634200 (2422),  

e-mail: ttinaz@rkts.com.tr 

mailto:atoker@rkts.com.tr
mailto:uarkun@rkts.com.tr
mailto:eerdem@rkts.com.tr
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Studies on Metallized Propellants for Space Applications 
 

Iskender Gökalp 
Laboratoire de Combustion et Systèmes Réactifs 

Centre National de la Recherche Scientifique 
45071 Orléans cedex 2, France 

 
Studies on combustion of metals for propulsion applications have been conducting 

at the CNRS-LCSR since the early 1990s. The first major application of those studies was 
solid rocket boosters of Ariane-5. The propellant for those boosters includes 18% aluminum, 
14% polybutadiene, and 68% ammonium perchlorate. In fact, aluminum particles are the main 
fuel in this composition. Understanding their combustion mechanisms in gases, such as CO2, 
H2O, and HCl, at normal and high pressures is required in order to reduce particle 
agglomeration, to increase the combustion completeness, and hence to increase the engine 
efficiency.  

The second major application of the studies on combustion of metals at CNRS-
LCSR is CO2-metal rocket propellants for Mars missions. The concept of those propellants is 
based on the ability of some metals (e.g. Mg, Al) to burn in CO2 atmosphere and on the 
relatively easy liquefaction of CO2 under Mars conditions. Calculations show that the 
CO2/metal propulsion will reduce significantly the mass of propellant transported from Earth for 
long-range mobility on Mars and sample return. Knowledge of metal combustion mechanisms 
in CO2 is required for development of the proposed engines. Magnesium is currently 
recognized as a candidate fuel for such engines owing to easy ignition and fast burning in 
CO2. Aluminum may be more advantageous if a method is found to facilitate its ignition. 
Coating of Al particles by a thin layer of high-melting metal (e.g. nickel) is of interest, since 
such coatings may reduce significantly the ignition temperature of Al particles and prevent 
their agglomeration. 

Combustion of Al nanoparticles is a novel and exciting area of research at CNRS-
LCSR. Transition to the nano scale promises significant increase in the burning velocities of 
solid propellants, and reduction of metal particle agglomeration as well. Recently, the authors 
of this paper have proposed to use nano-Al / gelled water slurries as “green” space rocket 
propellants, which promise the specific impulse about 300 s, are non-toxic, and hence are a 
promising system to replace hydrazine. 

Experimental facilities developed at CNRS-LCSR for studies on metals combustion 
include a unique electrodynamic levitation setup and apparatus for experiments in microgravity 
onboard the CNES A300 Zero-G aircraft. The studies on combustion of the nanoAl/H2O 
slurries will be conducted using available experimental facilities for research on droplet 
evaporation/combustion in wide ranges of pressures and temperatures.  

 
Among the completed studies, the following research topics can be listed  
• combustion of single levitated Al particles (size 30-70 µm) in O2, CO2 and HCl at 

pressures from 1 to 20 bar [1, 2];  
• combustion of single levitated Mg particles (size 50-100 µm) in CO2 at pressures 

from 1 to 20 bar [2, 3]; 
• combustion of single Mg particles (size 1-2 mm) in CO2 under microgravity 

conditions [4]. 
Studies in the following areas are currently in progress  
• combustion of single levitated Al particles (30-50 µm) coated by high-melting metals 

(Ni) [5]; 
• combustion of nano-Al/ water slurry droplets. 
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The objective of these studies is to increase the efficiency of using aluminum for rocket 
engine applications including conventional solid rocket motors and advanced propulsion, such 
metal/CO2 and nanoAl/H2O propellants. 

Since 1997 the LCSR has been collaborating in the area of metals combustion with 
Russian scientists. The support of this collaboration by CNRS, INTAS, ESA, NATO Science 
Program, and Conseil Régional Centre is gratefully acknowledged. 
 
References: 
 
1. Marion, M., Chauveau, C., and Gökalp, I., “Studies on the ignition and burning of 

levitated aluminum particles,” Combustion Science and Technology, Vol. 115, 1996, pp. 
369-390. 

2. Legrand, B., Marion, M., Chauveau, C., Gökalp, I., and Shafirovich, E., “Ignition and 
combustion of levitated magnesium and aluminum particles in carbon dioxide,” 
Combustion Science and Technology, Vol. 165, 2001, pp. 151-174. 

3. Legrand, B., Shafirovich, E., Marion, M., Chauveau, C., and Gökalp, I., “Ignition and 
combustion of levitated magnesium particles in carbon dioxide,” Proceedings of The 
Combustion Institute, Vol. 27, 1998, pp. 2413-2419. 

4. Legrand, B., Chauveau, C., Shafirovich, E., Goldshleger, U., Carrea, E., Mounaim-
Rousselle, C., Rouan, J.P., and Gökalp, I., “Combustion of magnesium particles in 
carbon dioxide under microgravity conditions,” Journal de Physique IV, Vol. 11, 2001, pp. 
311-314; also published in Proceedings of the 6th International Microgravity Combustion 
Workshop, May 22-24, 2001, Cleveland, OH, NASA/CP-2001-210826, pp. 225-228. 

5. Shafirovich, E., Mukasyan, A., Thiers, L., Varma, A., Legrand, B., Chauveau, C., 
and Gökalp, I., “Ignition and combustion of Al particles clad by Ni,” Combustion Science 
and Technology, Vol. 174, 2002, pp. 127-142.  
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Use of Beamed Energy for Propulsion 

 
Max Calabro, Propulsion Expert, Consultant 

 
Research on energy production in space or on high power Laser on ground may open 

new opportunities for propulsion. 
 
One may transfer energy on very long distances to a vehicle to go from ground to space 

or from one orbit to another one    
 
 by Laser beam 
 by micro waves beam 

 
The energy can be directly used in an air-breathing engine from earth to orbit or in a 

rocket propulsion mode. 
 
For an orbit transfer vehicle, the beam, from an outer space platform is directed on : 
 
• For a laser beam on a solar Thermal stage, or on solar cells producing electricity 

with possibly different engine types or on a solar sail  
• For a microwave beam  the stage is implemented with Rectennas  and engines that 

could be of different types (MEP, Resistojet, Arcjet) 
 
This propulsion mode could be used for OTVs or interplanetary vehicles. The needed 

power will range from 0.1 to 10 MW.  
 
The state of the art on the design ideas for this new propulsion concept will be 

summarized. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ISPW2004 
Istanbul Space Propulsıon Workshop 

 
 

 17

High-Speed Airbreathing Propulsion  
Possible Application and Way Forward 

 
François Falempin  -  Mbda-F  -  Chatillon  France 

francois.falempin@mbda.fr 
 

During last ten years, a large effort has been undertaken in Europe, and particularly 
in France, to improve knowledge on hypersonic airbreathing propulsion and to acquire a first 
know-how for components design and develop needed technologies. 
 

MBDA and ONERA have been major contributors to the French National Research 
and Technology Program for Advanced Hypersonic Propulsion – PREPHA. Within the scope 
of this program, they acquired a first know-how in scramjet and dual-mode ramjet 
components, and also in  hypersonic airbreathing vehicle system studies (for space launchers, 
missiles and experimental vehicles).  
 

Beyond this progam, and with the support of French Government, MBDA has 
undertaken a cooperation with the Moscow Aviation Institute (MAI) to develop and test on 
ground a Wide Mach number Range Ramjet operating in the Mach number range 3 – 12 
having a variable geometry and burning kerosene then hydrogen. MAI and MBDA studied also 
an other variable geometry dual mode ramjet concept for which direct connected pipe tests 
have been carried out in 2002 and 2003. MBDA is also working on the development of a 
specific technology for fuel cooled composite structures in cooperation with EADS Launch 
Vehicles and Astrium. 
 

By another way, ONERA and DLR decided to join their efforts in the common 
research program JAPHAR. This program aimed at studying an airbreathing propulsion 
system working in Mach number range from 4 to 8, using hydrogen subsonic then supersonic 
combustion, and to develop a methodology  aiming  at demonstrating in flight the 
aeropropulsive balance of an experimental vehicle based on this engine. ONERA is also 
cooperating with SNECMA and Pratt & Whitney to develop an other technology for fuel cooled 
composite structures 
 

Since 1999, MBDA and ONERA are also leading the research and technology 
program PROMETHEE, initiated the French MoD, to improve specific knowledge about  
hydrocarbon fueled dual mode ramjets which are mandatory to develop a future hypersonic 
military vehicle. This program reached its main goals with the connected pipe tests of a  
hydrocarbon fuel dual mode ramjet mock-up at ONERA Palaiseau test bench.  
 

On this scientific and technology basis, two families of possible applications can be 
imagined for high-speed airbreathing propulsion : reusable space launcher system and military 
vehicles : reusable airbreathing space launcher and military application, mainly missiles and 
drones. Considering several points detailed in the paper, it appears clearly that military 
application would be developed first. 
 

The paper will give some details on : 
 

• ramjet/scramjet principle 
• possible applications and comparison of respective difficulties , 
• main key technology issues , 
• French recent background (PREPHA, WRR, JAPHAR, PROMETHEE…) ,R&T effort 

under progress including flight test program (LEA, PTAH-SOCAR). 

mailto:francois.falempin@mbda.fr
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Research on Ceramic Materials and Boron Chemicals at  
TUBİTAK-Marmara Research Centre 

 
T.Bahar 

TÜBİTAK-Marmara Research Centre, Materials and Chemical Technologies Research 
Institute, 41470- Gebze/Kocaeli 

 
TÜBİTAK-MRC-Materials and Chemical Technologies Research Institute have carried 

out number of research and development projects on boron compounds since its foundation in 
1973. As a result of very comprehensive 53 projects completed, 13 patents were disclosed, 24 
papers in international journals and 1 book were published and 75 technical reports were 
prepared. New products and production technologies have been developed, and better quality 
and higher yields were achieved in more economical and environmentally friendly manner of 
production in existing plants by application of the results of these research and development 
studies. Between the years of 1974 and 2004 researches have focused on  

 
1. Process improvement (both on product quality and economical optimisation) 
2. New process development 
3. New product development 
4. Ore enhancement  
5. Application of new technologies such as microwave, electrolysis, etc to the ongoing 

processes. 
 
Some examples of these studies can be given as: production of potassium fluoroborate, 

�hrusters bed production of boron oxide, microwave production of boron oxide, production of 
boric acid from colemanite mineral, production of zinc borate, production of barium 
metaborate, anhydrous borax production, �hrusters bed production of perborate 
monohydrate, electrolytic production of boric acid and sodium hydroxide from tincal 
 

On of the other important research areas of the TÜBİTAK-MRC Materials and Chemical 
Technologies Research Institute is “Ceramic and Powder Technologies”. MCTRI has also 
experience on non-oxide ceramics such as Si3N4, sialon, and ceramic-ceramic composite 
materials. Ceramic and powder technologies related many market ready products have been 
developed along the studies and projects. Some examples to these products can be given as:  
Alumina based ceramics (powder, fibre, armour plate, o-rings, textile ceramics, pipes, honey 
comp structures, etc.) 
 

Products produced by natural raw materials (sepiolite, diatomic) such as porous 
ceramics, filters, plates, heavy metal adsorbing powders  
Electronic and magnetic ceramics (ferrites, PZT, ZnO, etc.) 
Ceramic membranes (�-Al2O3, SiO2) 
Ceramic processing (Extrusion, injection moulding, dry pressing, gel casting etc.) 
Ceramic filters for metal casting 
Glass and glass ceramics 
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Electric Propulsion and Satellite Propulsion at Snecma Moteurs 
 

Eric Hermant “Head of the engineering and development department” 
Division Moteurs Spatiaux – DPES 
Site de Villaroche Nord – BP 93 F 

77552 Moissy-Cramayel Cedex –France 
contact : eric.hermant@snecma.fr 

 
Snecma Moteurs involvement in the field of Equipments for Satellites is roughly forty 

years old, and involved since its very beginning both Chemical and Electric Propulsion as well 
as Space Mechanisms (mainly Solar Array Drive Mechanisms / Assemblies or SADMs / 
SADAs). And up-to-now, Snecma Moteurs has equipped more than 150 Satellites and 
delivered more than 300 Flight Models of Thrusters but also tanks, complete propulsion 
subsystems both dealing with Chemical Propulsion and Electric Propulsion and also Thrusters 
Module Assemblies with Electric Propulsion.  

Presently, all these activities are concentrated in the Villaroche-Nord Plant (south-
east of Paris – France) where the “Propulsion and Equipments for Satellites Business Unit” is 
located. The presentation, after a short overview of the activities of this directorate, will focus 
on Electric Propulsion (EP) based on Hall Effect Thrusters (HET) and will describe the present 
applications and the Research and Technologies main activities that have been initiated at 
Snecma Moteurs or under its leadership in this domain. 

Even if Snecma Moteurs started its activities on EP in the mid-1960s, the 
identification of HET’s technology in Russia and the beginning of actual activities within 
Snecma Moteurs on such a solution is much more recent (in the early-1990s). Today, as a 
member of the ISTI Joint Venture with SS-Loral (USA) and EDB-Fakel (Russia), Snecma 
Moteurs is both entitled to commercialise in Europe Thrusters manufactured by EDB-Fakel 
(presently the SPT100) or its own products based on the PPS®1350 which has been qualified 
for Stentor and Smart-1 and for which the PPS®1350-G version is undergoing its qualification 
life tests for larger Telecom Satellites.  

Based on these two thrusters, Snecma Moteurs has developed TMAs (Thrusters 
Module Assembly) and equipped either with Thrusters only or with TMAs various Satellites 
including Stentor and Astra 1-K (pitifully lost at launch) and Intelsat X (that is to be launched 
mid-June this year) and Inmarsat4 F-1(also to be launched this year). Snecma Moteurs has 
also been in charge of the development and delivery of the Electric Propulsion System (EPS) 
for the Smart-1 probe successfully launched on September 29th 2003 and which is perfectly 
working as the main Propulsion System that has to propelled Smart-1 until it reaches the 
Moon. 

With this experience and the knowledge acquired within two successive GdRs(*) on 
Plasma Propulsion together with the French Space Agency “CNES” and the French Research 
Organisations CNRS and Onera, Snecma Moteurs started to prepare, under in-house and 
CNES and ESA funding, the development of the next generation of Thruster (the PPS®5000) 
with the so-called PPS®X000 demonstrator that was tested in a very large domain and 
reached either a Thrust Level 4 times higher than the PPS®1350 with similar Specific Impulse, 
or Specific Impulse almost 2 times higher than the PPS®1350 with Thrust Level 2.5 times 
higher.  

In parallel, with CNES and CNRS, Snecma Moteurs decided to initiate a third GdR, 
and with the support of CNES and ESA to prepare the selection of concept(s) and the 
technology for the generation of HET that would come after the PPS®5000. 
(*) GdR is a specifically French organisation were GdR is standing for “Groupement de 
Recherche” and where a partnership is made between various teams working together toward 
a common Research objective. This organisation is normally settled for 4 years. 
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Hall Propulsion for Space Applications: Overview of French Research Activities 

 
M. Dudeck, S. Mazouffre, P. Lasgorceix, L. Albarède 

 
Laboratoire d’Aérothermique 

1C, Avenue de la Recherche Scientifique, 45071 Orléans, France. 
dudeck@cnrs-orleans.fr 

 
In the near future, most of geostationary telecommunication satellites will 

undoubtedly be equipped with electric thrusters in view of the advantage they offer in terms of 
plateform mass reduction. Furthermore, it appears that deep space journeys such as 
interplanetary missions will necessitate the use of electric propulsion to ensure reasonable trip 
duration. In this contribution, we first review the electric propulsion engine family by comparing 
�hrusters design, characteristics and performances with each others. In the field of electric 
propulsion, Hall effect thrusters, also called Stationary Plasma Thrusters, are nowadays 
considered as most promising for missions like satellite orbit transfer and space probe 
trajectory control in view of their high level of performances. Moreover, such a kind of electric 
thrusters is so far the only one that offers the possibility of being operated in high specific 
impulse regime as well as in high thrust regime. Therefore, Hall effect �hrusters design and 
features will be described in details. Finally, an overview of the French research activities in 
the field of Hall propulsion will be given together with some examples of recent experimental 
outcomes obtained by several teams that participate in the French research program. 
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Satellite Propulsion Systems and New Tecnologies 
 

I.Bayir 
INTA SPACETURK, Haymana Yolu 12.Km 06830 Golbasi Ankara, TURKEY – 

ibayir@ spaceturk.com.tr 
 
 

Keywords: Satellite, Propulsion, Thruster, Ion, UPS 
 
 

The most of the bipropellant satellite propulsion systems are often referred to as 
Unified Propulsion Systems (UPS). The ‘unified’ term is attributed to the simple and efficient 
use of a common propellant tank system that feeds both the apogee engine, as well as the 
clusters of miniature attitude control thrusters. The unified satellite propulsion system is 
therefore compact, relatively lightweight and enables maximum possible use of the available 
propellants. UPS substitute of station keeping, attitude and apogee motors. Turksat propulsion 
system has also consists of these kind of new generation propulsion system. In the last ten 
years the technologies in satellite propulsion systems are dramatically increased. One of them 
and important one is Ion propulsion system. Ion propulsion is the new technology that involves 
ionizing a gas to propel a craft. Instead of a spacecraft being propelled with standard 
chemicals, the gas xenon is given an electrical charge, or ionized. It is then electrically 
accelerated to a speed of about 30 km/second. When xenon ions are emitted at such high 
speed as exhaust from a spacecraft, they push the spacecraft in the opposite direction. 



ISPW2004 
Istanbul Space Propulsıon Workshop 

 
 

 22

Low Cost Propulsion for Constellation Forming on SSTL’s Disaster Monitoring 
Microsatellites 

 
Dr. Adam M. Baker 

Senior Propulsion Engineer, Surrey Satellite Technology Ltd. 
Istanbul Space Propulsion Workshop 

June 10-12, 2004 
 

The Disaster Monitoring Constellation consists of a series of four small, low cost 
spacecraft built by Surrey Satellite Technology Ltd. The aim of the constellation is to be able to 
perform daily revisits over any point on the Earth such that 30m resolution images can be 
taken. These images can be used for daily monitoring of natural and man-made disasters. 
The constellation is currently made up of four spacecraft. AlSAT, is an 88 kg microsatellite, 
which was launched on 28th Nov 2002, for the Algerian national space agency CNTS. It was 
joined in orbit by three additional microsatellites on 27th September 2003, Nisat-1 (Nigerian 
national space agency), BILSAT (Tubitak Bilten, Turkey) and UK-DMC (British National Space 
Centre).  

In order to exploit small satellites in constellations, a number of key technologies 
must be utilised. These include precise navigation, propulsion, and coordinated maneuvers 
planning. This presentation will cover the early development of a low cost propulsion capability 
at SSTL, including the UoSAT-12 spacecraft which used the first SSTL resistojet, and the 
SNAP-1 nanosatellite which was the first spacecraft to use butane liquefied gas propellant. 
The development of a low power resistojet for the Disaster Monitoring Constellation and initial 
results obtained from AlSAT and the 2nd DMC launch on-orbit commissioning will be 
summarised. The ongoing development of a resistojet propulsion system using xenon 
propellant for the DMC +4 spacecraft capable of 4m resolution imaging, and some potential 
resistojet upgrades for higher deltaV missions will also be covered. 
 

 
 

SSTL nitrous oxide resistojet as flown on UoSAT-12 (L) and low power 
butane resistojet as flown on the first four DMC spacecraft ® 
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A Short Overview on Current and Future Trends in Earth Observation Satellites and 
Their Impacts in Turkey 

 
Ayse Yucel Erbay 

NIK System, Istanbul 
 

NIK System is distributing multimission satellite data in Turkey and neighboring 
countries since 1996. NIK is distributor of various satellite vendors and organizations like 
ERSDAC, Digital Globe via Eurimage , Radarsat Inc., Sovinformsputnik , KoSTEC and Orbimage 
Inc. After long term experience on the satellite image market and remote sensing, NIK shares its 
experience and knowledge with its customers and partners. There will be a summary of current 
RS activities in Turkey and our customer expectations from satellite imagery services depending 
on NIK experience in the following sections. 

 
Decreasing in cost of satellite imageries are resulted increasing of usage of satellite 

imageries. In the last few years, there has been an exponential increase of satellite imagery 
based projects in both scientific, industrial and governmental organizations. 

 
Restrictions on handling of some common scale maps like 1:25 000 and lack of city 

plans and cadastral maps in several places of Turkey are increased trend of usage very high 
resolution satellite imageries. Satellite image users are becoming more experienced every year 
and in result of this choosing of satellite imageries are done more accurately. 

 
Low cost even free Landsat series’ and Terra-Aster sensor imageries are becoming 

very popular on mineral researches and geological applications all over the world including 
Turkey.  High resolution satellite such as SPOT-5 are becoming popular in agricultural 
applications more than mapping.  High resolution old panchromatic and new imageries are 
commonly used by archeologists. Very high resolution optical satellite imageries like the imagery 
of QuickBird, Ikonos-1 and Orbview-3 are now a very useful toll for defense and intelligence 
analysis with other high resolution satellites such as SPOT-5 and IRS-1C/D 

 
Near future satellites like WorldView of  Digital Globe , ALOS of  NASDA and EROS-B 

of Imagesat Int. will continue to open new markets for both scientific, commercial and defense 
applications. In particular, the Digital Globe’s new satellite WorldView will have better resolution 
than 50cm with better geopositioning and stereo capability.  

 
Beside of new developments in technical properties of observation satellites, new 

processing algorithms, product types and internet based archive/catalogue systems are 
developed. This presentation willdescribe some of the characteristics of the current and near 
future high resolution satellites, product details of most common satellites and  their online 
archive tools. 
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PROGRAM OF EVENTS 

 
 

10th JUNE 2004 19:00 WELLCOME COCKTAIL 
at Ceylan Intercontinental Hotel 

 
11th JUNE 2004 20:00 DINNER AT CRUISE BOAT 

(depart from Ceylan Intercontinental Hotel) 
 

12th JUNE 2004 13:30 HALFDAY CITY TOUR 
(Optional) 

  
 

ADDRESS FOR CORRESPONDANCE 
 

ISPW Secretariat 
Hava Harp Okulu 
Yeşilköy, Istanbul 

Tel: +90-212-6632490, Ext. 4360 
Fax: +90-212-6628551 

E-mail: ispw2004@hho.edu.tr 
Web: www.hho.edu.tr/ispw2004 

 
 
 
 
 
 
 
 
 

mailto:ispw2004@hho.edu.tr

