
Казань Daytona Beach

Р
О

С
С

И
Й

С
К

О
-А

М
Е

Р
И

К
А

Н
С

К
И

Й
 Н

А
У

Ч
Н

Ы
Й

 Ж
У

Р
Н

А
Л

R
U

S
S

IA
N

-A
M

E
R

IC
A

N
 S

C
IE

N
T

IF
IC

 J
O

U
R

N
A

L

1(40), т.20, 2015

АВИАЦИОННЫХ И АЭРОКОСМИЧЕСКИХ СИСТЕМ
процессы, модели, эксперимент

OF AVIATION AND AEROSPACE SYSTEMS
processes,  models,  experiment

ACTUAL PROBLEMS

АКТУАЛЬНЫЕ ПРОБЛЕМЫ

IS
S

N
 1

7
2
7
-6

8
5
3

АКАДЕМИЯ НАУК АВИАЦИИ И ВОЗДУХОПЛАВАНИЯ РОССИЙСКАЯ АКАДЕМИЯ КОСМОНАВТИКИ ИМ. К.Э.ЦИОЛКОВСКОГО
ACADEMY OF AVIATION AND AERONAUTICS SCIENCES RUSSIAN ASTRONAUTICS ACADEMY OF K.E.TSIOLKOVSKY'S NAME

СССР

1957

12.04.1961

1(40), v.20, 2015



А К Т УА Л Ь Н Ы Е П Р О Б Л Е М Ы А В И А Ц И О Н Н Ы Х И А Э Р О К О С М И Ч Е С К И Х С И С Т Е М

Казань, Дайтона Бич Вып. 1 (40), том 20, 1-185, 2015

A C T U A L  P R O B L E M S  O F  A V I A T I O N  A N D  A E R O S P A C E  S Y S T E M S

Kazan, Daytona Beach No.1 (40), volume 20, 1-185, 2015

СОДЕРЖАНИЕ CONTENTS

А.М.Старик, О.Н.Фаворский А.М.Starik, О.N.Favorskiy
Авиация и атмосферные процессы Aviation and atmospheric processes

В.Д.Доник V.D.Donik
О моделировании процессов при Modelling processes under sudden 
внезапной разгерметизации отсека в depressurisation of compartment in 
летательном аппарате flying machine

Ю.В.Лончаков Yu.V.Lonchakov
Развитие инновационных технологий Development of the innovative 
в подготовке космонавтов в technologies in cosmonaut training in 
интересах безопасности the interests of spaceflight safety
космических полетов

А.Б.Бахур, В.А.Меньшиков, A.B.Bakhur, V.A.Menshikov, 
А.Н.Перминов A.N.Perminov
Научно-инновационный потенциал Scientific-innovative potential of the 
проекта МАКСМ IGMASS project

В.Е.Бугров V.E.Bugrov
Марсианский проект С.П. Королева – S.P.Korolev's Mars Project – promising 
перспективная цель Российской aim of Russian astronautics
космонавтики

В.Г.Дегтярь, Р.Н.Канин V.G.Degtiar, R.N.Kanin
Генеральный конструктор General Designer 
Виктор Петрович Макеев Victor Petrovich Makeyev

А.Ф.Дрегалин, Г.А.Глебов A.F.Dregalin, G.A.Glebov
К 70-летию кафедры В.П.Глушко, To 70th Anniversary of V.P. Glushko, 
С.П.Королева: первой в стране S.P.Korolev Department: the first-in-
кафедры ракетных двигателей the-country Rocket Engines 

Department

Поздравление Congratulation

Московскому авиационному Moscow Aviation Institute (MAI) - 
институту (МАИ) - 85! 85!

1

146

102

90

69

39

184

161

НАУЧНО-ИНФОРМАЦИОННЫЙ РАЗДЕЛ SCIENTIFIC-INFORMATION SECTION



O.A.Dushina (Assistant of Editor, translation), K TU-KAI, Kazan, RUSSIANR

S.M.Sliwa, Ex-President of ERAU, USAHONORARY EDITOR;

EDITORIAL BOARD

G.L.Degtyarev, HONORARY EDITOR;Ex-President of KNRTU-KAI, RUSSIA

M.D.Ardema, Santa Clara University, California, USA
V.Canuto, NASA, GISS, New York, USA
Yu.F.Gortyshov, K TU-KAI, Kazan, RUSSIA
A.N.Kirilin, «CSDB - Progress», Samara, RUSSIA
V.V.Kovalyonok, USSR Pilot-Cosmonaut, Cosmonautics Federation of Russia, RUSSIA
V.A.Menshikov, RAATs, Moscow, RUSSIA
A.Miele, Rice University, Houston, USA
S.V.Mikheyev, Kamov Company, Moscow, RUSSIA
D.T.Mook, VPISU, Blacksburg, USA
G.V.Novozhilov, Ilyshin Aviation Complex, Moscow, RUSSIA
J.Olivero, ERAU, Daytona Beach, USA
M.Ostoja-Starzewski, University of Illinois at Urbana-Champaign, USA
V.F.Pavlenko, Academy of Aviation and Aeronautics Sciences, Moscow, RUSSIA
V.I.Panchenko, K TU-KAI, Kazan, RUSSIA
V.G.Peshekhonov, Concern “CSRI Electropribor”, St. Petersburg, RUSSIA
G.G.Raikunov, URSC, Moscow, RUSSIA
V.A.Samsonov, Lomonosov MSU, Institute of Mechanics, Moscow, RUSSIA
Chr.Sharp, FAA, Washington, USA
S.Sivasundaram, ERAU, Daytona Beach, USA 
A.N.Tikhonov, State Inst.of Inform.Technol. and Telecomm., Moscow, RUSSIA
P.J.Werbos, National Science Foundation, Arlington, USA
R.M.Yusupov, SPII RAS, St. Petersburg, RUSSIA

NR

NR

EDITORS-EXPERTS
I.M.Blankson, NASA Lewis Research Center, USA
A.S.Boreisho, ILTT, BSTU, St.Petersburg, RUSSIA
I.B.Fedorov, Bauman MSTU, Moscow, RUSSIA
A.N.Geraschenko, MAI (NRU), Moscow, RUSSIA
V.M.Khailov, CIAM, Moscow, RUSSIA
R.Mankbadi, ERAU, Daytona Beach, USA
A.M.Matveenko, MAI (NRU), Moscow, RUSSIA
B.G.Mingazov, KNRTU-KAI, Kazan, RUSSIA
R.E.Skelton, AMES, California, USA
Ye.I. Somov, IFAC Technical Committee on Aerospace, Samara, RUSSIA
R.F.Walter, Schafer Corporation, Albuquerque, USA
V.Ph.Zhuravlev, IPM, RAS, Moscow, RUSSIA

O.N.Favorskiy, CIAM, Moscow, RUSSIA
L.K.Kuzmina, K TU-KAI, Kazan, RUSSIANR

2015 Kazan National Research Technical University of A.N.Tupolev’s name (KAI)
2015 Embry-Riddle Aeronautical University (ERAU)
2015 Academy of Aviation and Aeronautics Sciences
2015 Russian Astronautics Academy of K.E.Tsiolkovsky's name

Main goals of this Journal -
to inform the specialists of appropriate fields about recent state in theory and applications; about global
problems, and actual directions;
to promote close working contacts between scientists of various Universities and Schools; between
theorists and application oriented scientists;
to mathematize the methods in solving of problems, generated by engineering practice;
to unite the efforts, to synthesize the methods in different areas of science and education...

In Journal the articles and reviews; the discussions communications; engineering notices, the statements and 
solutions of problems in all areas of aviation and aerospace systems are published (including new results, methods, 
approaches, hypothesizes, experimental researches,...).
Authors of theoretical works have to show the possible areas of applications in engineering practice.
The languages of publications are RUSSIAN, ENGLISH.

A C T U A L  P R O B L E M S  O F  AV I A T I O N  A N D  A E R O S P A C E  S Y S T E M S
Kazan-

Edition is carried out in the co-operation with MAI - Moscow Aviation Institute (National Research University),
with Moscow State Technical University of N.E.Bauman’s name, with Cosmonautics Federation of Russia

HONORARY EDITORS 
V.M.Matrosov, RAS Academician
I.F.Obraztsov, RAS Academician

Daytona Beach

EDITORS

FIRST EDITOR of JOURNAL - Vladimir Anatolyevich Kuzmin



A C T U A L  P R O B L E M S  O F  A V I A T I O N  A N D  A E R O S P A C E  S Y S T E M S  

Kazan Daytona Beach 

 

From the International Editorial Board 
to the 20th Anniversary of International Scientific Edition 

 

International scientific Journal “Actual Problems of aviation and aerospace systems” (APAAS) 
was founded in 1995 on the initiative of the scientists from KAI – A.N.Tupolev KSTU 
(representatives of Kazan scientific Chetaev School of mechanics and stability) together with 
their foreign colleagues – the scientists from Embry-Riddle Aeronautical University (ERAU, 
Daytona Beach, USA). It was a real step in the framework of Treaty of cooperation signed by the 
Rectors of both Universities. 

“In accordance with the deepening collaboration between our Universities and the Treaty of cooperation, I 
hail the first issue of Russian-American Journal with great pleasure…, the whole generations of American 
and Russian people devoted themselves to aviation and pushed aviation and aerospace technology 
forward to a very high level…, the global economy dictates its demands to international cooperation in 
technology, especially in the fields of permanently developing aviation and astronautics…, with great 
pleasure I support this joint scientific initiative of our countries and look forward to witness the successes of 

this collaboration…” – Steven M.Sliwa, President of Embry-Riddle Aeronautical University(1995). 

“…on the pages of our Journal you will find some useful and timely information on the newest 
achievements,… this will promote generation of new Knowledge, new technologies, and development of 
cooperation between the scientists from our countries, and ultimately promote further understanding and 

consolidation of our peoples…” – G.L.Degtyarev, Rector of A.N.Tupolev Kazan State Technical 
University(1995). 

“… today, when the state of aviation in the world is far from optimistic, we witness and participate in the 
promising initiative… of foundation of new scientific periodical aimed at integration of concerned 
representatives of science, engineering and higher education…, such tripartite alliance… will enable to 
establish extraordinary Edition…, will promote attraction of experienced and wise older generation and 

energetic young intellectuals to the resurgent aviation” – E.S.Neimark, Head of Aviation Industry 
Department(1995). 

The past period of edition and development of the Journal highlights the changing look and effect 
of fundamental and applied science on the World evolution. The Journal was initiated in the times 
when scientific and educational relations between the East and West, between Russia and the 
United States, between KAI and ERAU were starting and extending. Possessing only general 
ideas that outlined our joint efforts and were directed by our intuition, we were sure that these 
joint efforts in the framework of “APAAS” Journal would be successful. 
We hoped that having chosen the broadened non-traditional approach, we would be able to 
found the Journal as an Edition of a new type, i.e. bilingual, with multi- and interdisciplinary 
research objects referred to our special complex sphere – Aviation and Astronautics. 
Today “APAAS” is an International scientific Journal covering a wide range of problems in 
aviation and aerospace of interdisciplinary nature. It is published with two issues in a year, in two 
languages (in Russian and in English) and two versions: printed and electronic. 
The Journal supported by all our Partners has been regularly issued since 1996 under the aegis 
of the Academy of Aviation and Aeronautics Sciences, K.E.Tsiolkovskiy Russian Academy of 
Cosmonautics, Federation of Russia Cosmonautics, in cooperation with MAI, N.E.Bauman 
MSTU, Institute of Control Problems of RAS, with support from the Ministry of Education and 
Science, and Federal Space Agency; it has a good reputation among the specialists both in 
theoretical and applied aspects.  
The invited articles that are presented in this Anniversary Journal issue (No.1(40), Vol.20, 2015) 
illustrate this interdisciplinary spectrum in Aviation and Astronautics. 
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                                                                       Dear Colleagues! 
With great pleasure we note the successes of the International scientific Russian-American Journal “Actual Problems of 

Aviation and Aerospace systems” ,ISSN 1727–6853. Inspired by the scientists of KAI – A.N.Tupolev KSTU 

(representatives of famous scientific Kazan Chetaev School of mechanics and stability) together with the foreign 

colleagues – scientists of Embry-Riddle Aeronautical University (ERAU, Daytona Beach), – the Journal was founded in 

1995 under the auspices of KAI-KSTU, with benign support from the Ministry of Industry, Science and Technology. 

Today this scientific Journal notable for its high level and outlook is well-known among the specialists. 
The Journal has formed into uncommon Scientific Edition “speaking” in Russian and in English, in printed and 
electronic versions, which successfully performs its main aim – promotes development of cooperation in theoretical and 
applied researches in the whole diversity of sciences, including the interdisciplinary ones, covering the full range of 
issues generated by Aviation and Aerospace problems, with integration of scientists and specialists, representatives of 
science, higher school and industry. 
The Journal is structured like a periodical one with the invited reviews, papers covering the relevant current problems, 
with special thematic issues dedicated to advanced scientific trends and engineering applications of the wide range of 
problems in the fields of Aviation and Astronautics, including the ones of interdisciplinary nature, in the spheres of 
dynamics and flight control; theory, design and technology of aircrafts and engines; material science; computing 
systems; experimental research; economic and humanitarian problems of operation; Earth remote sensing, information 
satellite technology; problems of the higher engineering Education in the field of aviation and aerospace systems; 
problems of nanotechnology for aviation and aerospace systems,… 
 

Among the invited papers there are                                                                  

– A.D.Ursul. Space exploration in sustainable development strategy. 
– P.Werbos. A New Approach to Hypersonic Flight. 
– V.L.Kataev. Transportation System: "Earth-Space-Earth”. Conception research. Non-traditional Approach. 
– Duglas Davidson. Boeing in Russia. 
– A.N.Kirilin. Trends and Outlook for Airships Development. 
– I.V.Prangishvili, A.N.Anuashvili. The Background Principle of Detecting a Moving Object. 
– Yu.S.Solomonov. Optimization of Power Capabilities and Trajectory Parameters for Transportable Launch Space Systems. 
– A.Bolonkin. Hypersonic Space Launcher of High Capability. 
– K.M.Pichkhadze, A.A.Moisheev, V.V.Efanov, K.A.Zanin, Ya.G.Podobedov. Development of scientific-design legacy of 
G.N.Babakin in 
   automatic spacecrafts made by Lavochkin Association. 
– J. von Puttkamer. From Huntsville to Baikonur: A Trail Blazed by S.P.Korolev. 
– G.V.Novozhilov. Russian-American IL-96M/T aircraft (15 years since flight day). 
– D.Guglieri, F.Quagliotti, M.A.Perino. Preliminary design of a Lunar landing mission. 
– P.J.Werbos. Towards a rational strategy for the Human settlement of Space. 
– V.A.Popovkin. The role of Space military units in first artificial Earth satellite launch. 
– B.Ye.Chertok. The Space Age. Predictions till 2101. 
– C.Maccone. The statistical Drake equation and A.M.Lyapunov theorem in problem of search for extraterrestrial 
intelligence, part I. 
– F.Graziani, U.Ponzi. Luigi Broglio and the San Marco satellites. 
– V.А.Polyachenko. The first space projects of Academician V.N.Chelomey DB.  

 

Among the special topical issues there are 

No.1(23), 2007 – Special issue. To the 50
th

 Anniversary of the first artificial Earth satellite launch. 
No.2(24), 2007 – Special issue. To the 50

th
 Anniversary of the first artificial Earth satellite launch. 

No.3(25), 2007 – Special issue. To the 50
th

 Anniversary of the beginning of Space Era. 
No.1(26), 2008 – Special issue. To the 50

th
 Anniversary of the beginning of Space Era and the Military Space Forces Day. 

No.1(32), 2011 – Special issue. To the 50
th

 Anniversary of the first flight of a Man in Space (Space flight of Yu.A.Gagarin).  

It is quite gratifying that the Journal, representing scientific articles, reviews, results, statement papers on the actual 
problems of science, engineering and higher engineering education in a complex multidisciplinary  field of Aviation and 
Astronautics, efficiently serves the purposes of scientific and information support of scientific, research and development 
works on the foreground trends of scientific and engineering progress on the whole. 
 
We sincerely congratulate the Journal and wish further success in this fruitful activity! 
 
Rector A.Kh.Gilmutdinov  
A.N.Tupolev KRNTU – KAI 
(National Research University) 
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To the 20 th Anniversary 
 

The International Scientific Journal “Actual Problems of Aviation and Aerospace Systems” 
(APAAS) is 20 years of age. Its foundation in 1995 was inspired by Russian Scientists and 
Professors, Representatives of Kazan Chetaev School of stability and mechanics (KAI- 
A.N.Tupolev KSTU, Russia) together with their foreign colleagues, Representatives of 
Embry-Riddle Aeronautical University (ERAU, USA). 
One should note that the university initiative on establishment of scientific Russian-American 
Edition aimed at integration of science, engineering and higher engineering education in the 
field of Aviation and Space has been successfully implemented (with regular release of 
printed and electronic versions). 
Bilingual by its nature, the joint scientific Edition in the field of Aviation and Aerospace 
science and technology, which is meant to enrich knowledge, implement new technologies, 
promote cooperation between scientists, professors and engineers of the two countries, 
occupies a worthy place in the range of international scientific editions. 
Established by the joint efforts of all our Partners, this unusual scientific Edition actively 
enhances the prestige of aviation specialists in the world community, supports accumulation 
of experience and qualification of aviation and aerospace elite, attracting the young talented 
power to solution of the most complicated problems in this sphere of Human Knowledge and 
Entity. 
For the 20years of its existence the Journal has succeeded in attaining the goals outlined at 
the very beginning of its life 

“… assistance to development of all the forms of International cooperation in the most complex 
spheres of science and engineering, like Aviation and Cosmonautics…; only close cooperation can 

provide efficient development with maintenance of high level” – I.F.Obraztsov, RAS Academician, 
President of the Academy of Aviation and Aeronautics Sciences (1996). 

“…the progress of human civilization is inconceivable without development of aviation and aerospace 
systems, and the latter requires close collaboration of basic theory and practice, integration of 
experience of the past, energy of the present and wisdom of the future…; the Journal serves the 
scientific and professional purposes in the field of aviation and space systems, enabling the specialists 
to effectively report theoretical and applied problems, apply intellectual potential to the sphere of the 
latest scientific ideas, developments, and projects…, … it is quite gratifying that Kazan Aviation 
Institute (Kazan State Technical University), which performs the publishing, remains faithful to its initial 
basic foundations laid by its Founder, the Member of USSR Academy of Sciences N.G.Chetaev, i.e. 

fundamental nature, responsibility, high qualification in combination of theory and practice” – 
V.M.Matrosov, RAS Academician, President of the Academy of Nonlinear Sciences (2005). 

The Journal founded under the auspices of IFNA-ANS is published under the aegis of 
Academy of Aviation and Aeronautics Sciences, K.E.Tsiolkovskiy Russian Academy of 
Cosmonautics in cooperation with MAI, N.E.Bauman MSTU, with support from russian and 
foreign Partners including Scientific Centers, Universities, Aviation Complexes, Rocket and 
Space Complexes: Institute of Control Problems of RAS, Belgrade University, San Diego 
Polytechnic University, ERAU, TsSKB-Progress, Institute of Laser Engineering and 
Technology (“Voenmekh”), Scientific Research Institute of Physical Measurements, 
M.V.Lomonosov Institute of Mechanics, Central Institute of Aviation Motors, International 
Center for Numerical Methods in Engineering (CIMNE),.. 
We are much obliged to all our Partners of the Scientific Edition, with whom we initiated and 
with whom we continue our successful cooperation in this kind of activity. We are grateful for 
their devoted comprehensive support and benign collaboration. 
 
 

Yu.F.Gortyshov L.K.Kuzmina 

President of A.N.Tupolev KNRTU-KAI Co-Editor of ISE 
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Aviation and atmospheric processes 
 

А.М. Starik, О.N. Favorskiy 
 

Central Institute of Aviation Motors, Scientific Educational Center “Physical and Chemical 

Kinetics and Combustion” 

Aviamotornaya 2, Moscow, 101000, Russia 

 
Main processes in aviation engine ducts and in exhaust jet are considered. Mechanisms of the impact 

of different components emitted by aviation engines on the atmospheric processes and climate are 

analyzed. The paper discusses the main studies relative to this problem which are to be performed in 

the nearest future.  

1. Introduction 

 

Recently, human industrial activity has led to significant variation of gas and aerosol 

composition of the atmosphere. It is believed that this may result in substantial climate change 

on the Earth. Note that the analysis of consequences of emission of gas and aerosol 

compounds into the atmosphere requires consideration of exceedingly large number of 

processes and phenomena, but the most important (and long-term) are the processes of radiant 

Sun-Earth heat transfer and atmosphere-ocean interaction. 

While the former can be estimated at least approximately, the latter can not due to the lack of 

human knowledge. When evaluating radiant Space-Earth heat transfer and determining 

radiation balance of the Erath, the problem of so-called greenhouse gases is widely discussed. 

However, only the emission of carbon dioxide and its increase in atmosphere due to human 

industrial activities have been mainly considered for years. But other greenhouse gases also 

change their concentration in the atmosphere. Specific role is played by Н2О and СН4. 

Aviation is one of the sources of direct impact on the atmosphere. Absolute amount of the 

substances emitted into the atmosphere by aircraft engines is 40-50 times less than pollution 

from surface sources (power engineering, transport, industry, agriculture). But due to the fact 

that this emission occurs in the atmosphere layers particularly sensitive to different 

disturbances (upper troposphere and lower stratosphere), the evaluation of real impact of 

aviation on atmospheric processes and climate has been gaining great relevance lately [1-3]. 

Increase of air traffic owing to subsonic passenger planes (twofold increase in the nearest 18-

25 years) and possible development of second-generation supersonic aviation for commercial 

transportation make us analyze possible environmental impact of aviation more strictly. It 

should be noted that the International Civil Aviation Organization (ICAO) introduced 

emission standards for aviation engines 30 years ago. The limitations were set (depending on 

engine compressor pressure ratio) on the amount of СО, NOx, soot (smoke) and unburned 

hydrocarbons CnHm contained in the exhausted jet. These standards have been being 

permanently improved, and in the nearest years they will possibly tighten the restraints first of 

all on the content of NOx in combustion products, which, be the way, is the hardest to provide 

owing to constant increase of maximum cycle gas temperature at the turbine inlet. At present, 

the emission index EI (amount of substance in grams per 1 kg of fuel) of NOx for advanced 

engines is supposed to fall into the interval EINOx=5-10, EI for soot EI(soot)0.15. The issue 

of significant reduction of CO2 emission (by ~ 80%) also appears on the agenda. 

Recently, the executive agencies of the European Union have made several important steps 

towards the reduction of aviation impact on the Earth ecosystem. Inclusion of aviation into 

the EU Emissions Trading System [4] is the most relevant step. The general trend aimed at 
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tightening the administrative control in the field of greenhouse gases emission will 

undoubtedly persist. 

To reduce the greenhouse gases emission, the airline companies have two alternatives. First – 

to provide the enhancement of aircraft fuel efficiency, which (despite the air traffic increase) 

would reduce the overall consumption of aviation kerosene and, consequently, reduce the 

greenhouse gases emission. So far, the average increase of airliner fuel efficiency has been 

1% per year [5]. At the same time, the annual increment of aviation kerosene consumption 

due to the increased air traffic exceeded 3% according to ICAO [6]. Therefore the airline 

companies should increase the rate of fuel efficiency growth more than three times to reduce 

the greenhouse gases emission in conditions of air traffic growth. This seems rather difficult. 

Second – to use non-conventional fuel, combustion products of which better comply with the 

environmental regulations in comparison with conventional kerosene. Considerable progress 

has been made in the field of non-conventional fuels so far. Technology for production of 

synthetic fuel using coal, natural gas and biomass has been developed [7, 8]. 

The technology for production of synthetic fuel from coal using Fischer-Tropsch process (FT 

fuel) is the best developed nowadays. FT fuel synthesized this way is characterized by higher 

calorific value (approximately 1 MJ/kg) compared to aviation kerosene [10]. At the same time, 

weight content of carbon in FT fuel is less than that in aviation kerosene, therefore the 

absolute emission of CO2, when substituting aviation kerosene with FT fuel, reduces by 

several percent [10]. However, FT fuel production process itself is accompanied by additional 

CO2 emission. Moreover, the total CO2 emission of FT fuel may exceed the one of aviation 

kerosene; hence FT fuel in aviation engines can not provide reduction of CO2 emission. 

Liquefied natural gas (LNG) has no such drawbacks. Moreover, reduction of CO2 emission 

when burning LNG will exceed the one when burning FT fuel, since, first, mass fraction of 

carbon in methane (main component of LNG) is less than in FT fuel, and second, LNG is 

characterized by higher calorific value, hence less amount of LNG provides the same level of 

thrust. This holds true (though to a lesser extent) for liquefied gases when they contain mainly 

propane and butane. 

However, it seems obvious that replacing aviation kerosene with LNG or any other synthetic 

fuel produced from mineral raw materials we will not be able to solve the problem of CO2 

emission from aviation engines. 

The majority of foreign specialists believe that biofuel is the most promising propellant in the 

context of greenhouse gases emission reduction, because it has a unique property of carbon-

neutrality. This property means that when biofuel is burned, the amount of CO2 is emitted into 

the atmosphere that is equal to the one previously consumed by plants during glucose 

photosynthesis [11]. Besides, biofuel has another relevant advantage – it is almost free of 

sulfur and aromatic hydrocarbons. 

Recent research has shown that the range of substances emitted to the atmosphere from jet 

engines is not only wider than it has been established by ICAO, but also depends on the 

engine type, its efficiency and size and real fuel composition. The standards for aviation 

kerosenes have been set long ago, the former can be found in the corresponding documents. 

However, there has been no profound complex studies of how the real content of hydrocarbon 

groups in the fuel or the utilization of non-conventional (LNG), synthetic (FT fuel, biofuel, 

etc.) and composite fuels in combustion chambers influence the engine emission 

characteristics. Besides, the sulfur-in-fuel restrictions have been introduced rather arbitrarily. 

Some research may be required in the nearest future to prove the sufficiency or need for new 

standards concerning both conventional and synthetic aviation fuels in the context of 

minimization of aviation impact on the atmospheric processes. 
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2. Features of aviation impact on the atmosphere and climate 

 

The problem of aviation impact on atmospheric processes has emerged only recently. It was 

initiated in the 1970s by the first estimates of possible impact of supersonic passenger planes 

on the ozone layer [12, 13]. These complex studies were conducted mainly in the framework 

of CIAP (USA), COMESA and COVOS (Europe) international programs. The research 

showed that regular flights of a hundred of supersonic Concord-type airplanes at the altitude 

of 17 km would lead to global reduction of ozone concentration of 0.25% per year. However, 

later these conclusions have been repeatedly reconsidered, as new data on velocity constants 

of physical-and-chemical processes in the atmosphere were obtained and due to the fact that 

one-dimensional circulation models of the atmosphere were replaced with 2D and even 3D 

ones. Besides, more profound studies of physical-and-chemical processes in the atmosphere 

and jets from jet engines have been conducted. 

The impact of aviation on the atmosphere is determined by a wide range of interconnected 

processes. At present, there are no certified restrictions of concentration of gas components 

and aerosols emitted by airplane engines at the altitude of cruise flight. However, it has been 

already proved that gaseous components (mainly NOx, HOx, COx, SOx, HNOy) emitted by the 

airplane engine and aerosols formed in the exhaust jet can significantly affect total 

concentration of ozone, clouds, Earth radiation budget and climate [14-20]. However, it 

should be noted that recently the development of standards for restriction of emission of 

gaseous and aerosol components at cruise flight regimes has become actual. It is aimed at 

minimization of regular commercial flights’ impact on the atmosphere [21]. 

Ozone layer is a term relating to the distribution of ozone in the atmosphere. It is known that 

ozone is formed in stratosphere after recombination of O2 molecules and O atoms. This layer 

protects the life on the Earth from detrimental effect of ultraviolet radiation. 

The climate is defined as a typical behavior of the atmosphere and is usually characterized by 

average values and variance of temperature, precipitation and other physical parameters. 

Greenhouse gases in the atmosphere absorb infrared radiation (particularly in the range of 

atmospheric window with 8-12 μm wavelength) which would otherwise escape to space. This 

radiation heats the atmosphere, generates heated flows toward the surface and, first of all, 

heats the Earth surface. This is accompanied by stratosphere cooling. On the contrary, 

aerosols diffuse or absorb solar light and prevent it from reaching the Earth surface. This 

leads to cooling effect. Therefore the emission of greenhouse gases and aerosols change the 

actual atmosphere radiation balance and change the heating/cooling rate of the lowest 

atmospheric layer (0-5 km altitude). 

The extent of aviation impact on the atmosphere depends on the amount and type of emitted 

chemical substances. Therefore the key point in this field is to understand mechanisms of 

their generation and to be able to quantitatively predict their emission under variation of 

engine cycle parameters and environmental conditions. If these problems are solved, then 

emission characteristics will be determined at the stage of engine design, efficient methods for 

prevention of generation of environmentally-dangerous substances will be developed, 

efficiency of fuel burning will be enhanced, and soft spots of evaluation of environmental 

effects from pollutant emission into the atmosphere by power engineering and aviation in the 

nearest future will be defined. 

Such research has been being actively conducted both in Europe and the USA since the 

beginning of 1990s. It is funded by the European Union, NASA, National Science Foundation 

and a number of other international organizations. These studies have been carried out in the 
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framework of international programs AEAP, AERONOX, AEROCONTRAIL, CHEMICON, 

SULFUR 1-7, SUCCESS, PARTEMIS, TRADEOFF, EXCAVATE, etc. 

When analyzing dynamics of formation and transformation of different gaseous compounds 

and aerosols emitted by aviation engines, one has to deal with three objects, which differ 

significantly in parameters and features of physical-and-chemical processes. These are: 

combustion chamber (in which fuel is burned and main gaseous compounds, ions and 

polydisperse ensemble of neutral and charged soot particles are formed), gas path (duct) of the 

engine from the combustion chamber to the nozzle outlet (where chemical composition of 

combustion products is transformed) and exhaust jet (in which mixing of hot (T0=600K) gases 

and cold (Ta=300-220K) atmospheric air varies gas components concentration and leads to 

formation of charged clusters, liquid (organic and sulphate) and solid (ice) aerosol particles. 

Processes in jets greatly depend on dynamics of formation of different gaseous substances, 

particularly aerosol-generating compounds (SO3, H2SO4, organics, ions, soot particles) in the 

combustion chamber and power plant ducts. Liquid volatile aerosols formed in the exhaust jet 

are mainly the sulphate and organic aerosol particles. The ultrafine drops of liquid sulphates 

(H2O/H2SO4) (diameter of 1-10 nm) are formed mainly due to emission of condensed gases 

like water vapor (H2O) and H2SO4 or SO2 and SO3, which can transform into H2SO4. Apart 

from sulfur oxides in various forms (SOx), gaseous H2SO4 and water vapor, considerable 

effect on the formation of aerosol particles have the ions, HNO3 and organics (CH2O, etc.). A 

great deal of simulation studies have shown that emission of sulfur oxides (SO2, SO3), and 

particularly sulphate aerosol particles, can significantly influence the area of sulphate 

stratosphere aerosol layer. Besides, the emission of sulphate aerosol particles into the 

atmosphere caused by the flights of supersonic civil aircrafts can lead to the decrease of ozone 

concentration. 

 

3. Formation of gaseous components, ions, soot particles in combustion chamber 

 

At present, kerosene is used as the fuel for commercial airlines. Aviation kerosene is a 

mixture of different hydrocarbons: n-paraffins, iso-paraffins, cycloparaffins, aromatic 

hydrocarbons, and sulfur (small amount) [22]. Table 1 gives properties and composition of 

typical aviation kerosene used abroad. The composition of Russian aviation kerosene TS1 is 

close to JP-8. To simulate the ignition and combustion of aviation kerosene, different 

surrogate mixtures were proposed [22]. For example, the mixture proposed for simulation of 

JP-8 combustion consists of 5% isooctane, 5% methylcyclohexane, 5% methylxylene, 5%

 cyclooctane, 15% butyl benzol, 15% tetradecane, 10%   hexadecane, 5% butylbenzene, 

5% tetralin, 5% 1-methyl naphthalene, 5% 1,2,4,5-tetramethyl benzene. The complex 

chemical composition makes it difficult to simulate kerosene combustion. Doute et al. [23] 

carried out chemical analysis of combustion products of compound consisting of 79% of 

alkanes, 10% of cycloalkanes and 11% of aromatic hydrocarbons. They showed that this 

compound may be considered as a surrogate compound when analyzing kerosene flame. 

Authors [23] demonstrated that flame structure in n-decane and kerosene are similar. Thus, 

chemical composition of kerosene may be simulated as a compound consisting of 89% of n-

decane and 11% of aromatic hydrocarbons, e.g. benzol, toluene, ethylbenzene, naphthalene. It 

has been experimentally shown that characteristics of combustion of Jet-A fuel almost 

coincide with the corresponding characteristics of compound 80% n-C10H12 and 20 % C6H6 

(see e.g. [24]). 
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Kinetic model of combustion of kerosene in air should be complemented with the 

mechanisms of reactions with S- and N-containing components and with the mechanism of 

generation of ions and soot particles. 

 

Table 1. Typical properties and composition of aviation fuel 

 

Properties JP-4 JP-5 JP-7 
JP-8 

(Jet A/A-1) 
RP-1 

Approximate 

formula 
C8.5H17 C12H22 C12H25 C11H21 C12H24 

H/C relation 1.99 1.87 2.02 1.91 1.98 

Boiling temerature 140-460 360-495 370-480 330-510 350-525 

 Freezing point -80 -57 -47 
-60 JP-8/Jet A-1; 

-50 Jet A 
-55 

Aromatics, total % 10 19 3 18 3 

Naphthenes 29 34 32 20 58 

Paraffins 59 45 65 60 39 

 Olefins 2 2 — 2 — 

Sulfur, ppm 370 470 60 490 20 

 

Aviation kerosene contains sulfur 0.001%-0.3% by weight. Sulfur is contained in the fuel in 

the form of aromatic hydrocarbons. Different S-containing components (mainly SOx (x=1, 2, 

3) and HSO3 in lean flames) are formed in the process of oxidation. The kinetic model should 

describe quite accurately the correlation between SO2, SO3 and HSO3 both in the combustion 

chamber and the engine duct. Such a model was developed by Russian scientists [24, 25]. It 

should be noted that the development of reaction mechanisms to describe the generation of 

different S-containing chemical compounds has been reported in many papers, including the 

foreign ones. 

 

3.1. Formation of gas components 

 

N-containing components are formed in the process of oxidation of atmospheric nitrogen in 

high-temperature area of the combustion chamber. The main components are NO and NO2. 

The following mechanisms are responsible for the formation of NOx: (1) extended mechanism 

of Zeldovich; (2) promt-mechanism, or Fenimore mechanism; (3) NO2 mechanism; (4) N2O 

mechanism and (5) NNH mechanism. 

The extended mechanism of Zeldovich includes oxidation of N2 by O2 molecules: 

N2+O=NO+N, N+O2=NO+O and the reaction of N atoms with radicals ОН N+OH=NO+H. 

Fenimore mechanism is associated with generation of HCN: CH+N2=HCN+N, 

O+HCN=NO+CH and takes place mainly in fuel-rich area of the combustion chamber. N2O 

mechanism charazterizes generation of NO during reactions with N2O: N2O+CO=NCO+NO, 

N2O+H=NH+NO, N2O+O=2NO (it is responsible for generation of NO in lean compounds). 

NO2 mechanism generates NO in reactions with NO2: NO2+CO=NCO+NO, 

NO2+OH=HO2+NO, NO2+H=OH+NO, NO2+O=NO+O2, NO2+M=NO+O+M, Finally, NNH 

mechanism includes reactions with HNO and NxHy components. 
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Apart from NO and NO2 formation, kinetic mechanism for N-containing components 

formation should describe the formation of HNO, HNO2, HNO3, NO3, NxHy, correlation 

between NOx and NO2, and between NOx (NO+NO2) and NOy 

(NOy=NOx+N2O+NO3+HNOy). Ratio of concentrations of NO2 and NOx for different aviation 

engines varies from 5% to 25% [26]. Relative concentration of NOy is close to 0.01 of NOx 

concentration [27]. Quantitative information about the emission of HNO2 and HNO3 from the 

aircraft engine is of vital importance for atmospheric chemistry, formation of polar 

stratosphere clouds and prediction of aviation impact on the atmosphere. For the aviation 

combustion chamber operating in diffusion mode, mainly mechanisms of Zeldovich and 

Fenimore are responsible for NO generation. NO2-mechanism plays an important role in NO 

to NO2 conversion. It should be noted that NO and NO2 generation in the combustion 

chamber are closely coupled. N2O-mechanism contributes less in generation of NO in the 

diffusion combustion chamber [28], but its contribution to NO generation in the homogeneous 

combustion chamber, in which fuel-depleted compound is burned, is considerable. 

Contribution of NNH-mechanism is far weaker and it can be often neglected when calculating 

emission characteristics of modern combustion chambers. 

Currently, to predict the emission of NOx, COx and unburned hydrocarbons (CxHy), two 

different approaches are implemented. One of them is based on a semiempirical formula, 

which includes pressure and temperature of gas at the combustion chamber inlet and the time 

of gas residence in the combustion chamber (e.g. [29]). The other approach is based on the 

implementation of reactor models, which calculate concentrations of NOx, COx, HOx, CnHm 

and other components in each reactor using a detailed kinetic mechanism [30]. It should be 

noted that this approach can also be used to predict the emission of S-containing components 

and ions. To create a reactor model, the information about thermal fields and other parameters 

of flow inside the combustion chamber is required in addition to the data on the time of 

residence of gas in individual zones of the combustion chamber. This information can be 

obtained using the methods of computational gas dynamics for simulation of turbulent 

combustion or using quasi-global model of chemical kinetics, or assuming that energy is 

released into the flow immediately after fuel-oxidizer mixing (model of instantaneous energy 

dissipation). 

For the modern gas turbine engines, the values of EINOx vary from 12 to 40 g/kg. To reduce 

the emission of NOx to EINOx=5-8 g/kg, it is proposed to use lean, premixed compounds and 

prevaporised liquid fuel (LPP – lean/premixed/prevaporized approach). In LPP combustion 

chamber, homogeneous combustion of lean fuel-air compound is performed (equivalent 

air/fuel proportion is 1.8-2). In this case maximal temperature in the combustion chamber 

does not exceed 2100 K, which is significantly lower than for the conventional diffusion 

combustion chamber (T=2400K). This leads to reduction of NOx generation in reactions of 

Zeldovich mechanism. However, LPP combustion chamber is characterized by narrower 

range of operational stability if compared to the conventional diffusion combustion chamber 

and more hindered high-altitude ignition. 

Recently, low-emission chambers with direct injection of fuel-lean compound have been 

developed (LDI – lean direct injection). They are characterized by increased (if compared to 

LPP chambers) range of operation parameters. Besides, these chambers can operate also at 

high pressure (P=40-60 atm). 

In addition to NOx, CO, CO2, the combustion chamber emits SOx and unburned hydrocarbons 

(CxHy). Emission indices for different components depend on the structure and type of the 

combustion chamber. Multi-reactor model calculations [30] showed that reduction of the 

engine thrust results in significant growth of emission of CO, CxHy and organic compounds 
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(CH2O, etc.) and, vice versa, in reduced emission of NOx and CO2 [31]. Table 2 gives 

calculated emission indices for components  NOx, CO, CO2, SO2, SO3, CxHy, CH2O, CH3OH, 

C2HO and values of pressure and air temperature at the combustion chamber inlet for 

different operating modes of the gas turbine engine, when there is  0.04% fuel sulfur content.  

 

Table 2. Parameters of gas upstream of the combustion chamber and emission indices of main 

components at the HISAC engine combustion chamber outlet  

 
Parameters 

 

 

Режим работы, 

% тяги 

Pк, 

MPa 
Tк, K 

EINOx, 

g/kg 

EICO, 

g/kg 

EICxHy, 

g/kg 

EISO2, 

g/kg 

EISO3, 

g/kg 

EICH2O, 

g/kg 

EICH3OH, 

g/kg 

100% 2.14 755 36.4 0.72 0.06 0.783 0.0199 5·10
-3

 2.5·10
-4

 

85% 1.88 727 29.2 11.3 1.2 0.781 0.0213 9.5·10
-2

 6.5·10
-3

 

30% 0.89 591 12 76.7 12.9 0.748 0.0256 5.3·10
-1

 1.1·10
-1

 

7% 0.41 485 8.7 105 18.8 0.723 0.0205 3.1·10
-2

 1.3·10
-2

 

   

Apart from the specified neutral components, ions and electrons are generated in the 

combustion chamber during the combustion of hydrocarbon fuel [25, 32]. Ions can induce 

nucleation of volatile aerosols and enhance coagulation of aerosol particles [33]. Another 

possible mechanism for the influence of ions on generation of volatile and non-volatile (with 

a soot core) aerosol particles is associated with the interaction of ions and soot particles. Ions 

can attach to soot particles, induce the charge on the particle surfaces and hence trigger 

deposition of dipole molecules and different water-soluble substances on soot particle surface 

[34]. 

 

3.2. Features of ion generation 

 

Note that the majority of studies on ion generation have been conducted in flames [35]. Ion 

composition greatly depends on fuel-air proportion  and fuel type (hydrogen, hydrocarbons, 

aviation kerosene, etc.) In hydrocarbon-air flames there form positive C2H3O
+
, 

33HC , 

3CH , 

HCO
+
, C3H5O

+
, C3H7O

+
, H3O

+
, H2O

+
, 

2O , NO
+
, 

2NO and negative 

2HCO , 

3HCO , 

3CO , 


4CO , 

2O , OH
−
, 

2NO , 

3NO , CN
−
 ions. In fuel-rich compounds (>1) heavy hydrocarbon 

ions 

913HC , 

1119HC , 

1222HC , 

1955HC  and positively charged molecules of fullerenes [36] are 

formed. Measurements downstream of the combustion chamber showed the presence of ions 

CxHyO
+
 and CxHyO

−
, ions 

3SO , 

4SO  and 

4HSO  [37]. To understand the mechanisms and 

main ways of ion generation, experimental data should be complemented by numerical 

simulation. Therefore rather complex kinetic models describing the generation of charged 

components at combustion of different fuels have been developed [25, 38, 39]. 

Processes of ion generation in the combustion chamber of the aviation engine are more 

complex than in laminar flames. The majority of modern aviation combustion chambers 

operate in diffusion mode, and the composition of fuel-air compound in different zones of 
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y, m 

x, m 

fuel lean 

region 

fuel rich 
region 

flame front 

combustion chamber is significantly different. Therefore different ions may form in the 

combustion chamber. Time of gas residence in the combustion chamber (5-10 ms) is far less 

than in the flame (~100 ms). Total concentration of ions at the aviation engine combustion 

chamber outlet measured in [40] was ~2·10
8
 cm

−3
. However, inside the combustion chamber 

the concentration of ions and electrons can be estimated only numerically. 

 

 

Fig.1.Temperature field in gas turbine combustor 

 

To simulate the processes of formation of charged gaseous components inside the combustion 

chamber, approximate models of combustion, e.g. model of plane flame front, should be used. 

Concentration fields of different ions inside the aviation engine combustion chamber were 

calculated in [32]. Maximal ion concentration in the diffusion combustion chamber appeared 

to be in the fuel-rich zone of the chamber located before the flame front (fig.1), and it reaches 

10
11

−10
12 

сm
−3

 for C2H3O
+
. Maximal concentration of negatively charged components in this 

zone is revealed for electrons and 

3HCO  ions. However, at the chamber outlet only NO
+
, 

H3O
+
, 

3SO , 

4HSO  or 

3NO  are present. Numerically predicted total concentration of positive 

(negative) ions at the chamber outlet is 2·10
8
 сm

−3
, which agrees well with measurements [40]. 

Note that ion composition greatly depends on fuel sulfur level. 

 

3.3. Generation of soot particles 

 

Soot particles form in the fuel-rich zone of the combustion chamber due to clusterization and 

surface growth of soot forerunners like polyyne molecules and polyaromatic hydrocarbons 

[41]. According to the modern models, pyrene molecules consisting of four benzene rings are 

the main building material of soot particles. Primary particles (clusters) with the radius of 

approximately 1 nm are formed from pyrene molecules after their coalescence. In the fuel-

rich zone of the combustion chamber, concentration of pyrene molecules can reach 10
12

 − 

10
14

 сm
−3

, and concentration of primary clusters (nucleating seeds of soot particles) 10
11

 − 

10
12

 сm
−3

.  

Note that combustion products of hydrocarbon fuels are typical dust plasma. It consists of 

different molecular gases, ions, electrons, carbon clusters and soot particles. Therefore one 

should take into account plasma-and-chemical processes in the combustion chamber to 

predict the charge and size distribution of soot particles. Such models have been developed 

recently at the Central Institute of Aviation Motors (CIAM) [42-44]. These models allowed 

explanation of the experimentally measured symmetrical distribution of soot particles over the 

charge in hydrocarbon-air flame. The developed models take into account that ions and 

electrons of the fuel-rich zone of the combustion chamber attach to clusters and soot particles. 

Hence initially neutral clusters and particles attain significant charge. Charged clusters with 



 

Aviation and atmospheric processes 

 29 

opposite polarity coagulate much quicker than neutral ones. Besides, a charged cluster 

induces a charge on a neutral particle. Therefore interaction of neutral and charged clusters 

(particles) causes additional forces that augment cluster coagulation [33] and hence simplify 

the formation of soot particles [42-44]. Even small particles with a=4nm radius can acquire a 

charge of Q=4-5e (e –electron charge). Larger soot particles with the size of 40 nm acquire a 

charge of (15-30)e in the combustion chamber zone immediately upstream of the flame front. 

The charge at the cluster surface (of soot particle surface) augments the deposition of 

molecules with a constant dipole moment on the soot particles’ surface. E.g. a sticking 

coefficient of H2O molecules to a particle with а=4 nm and Q=5e is 10 times more at T=2000 

K and P=10
6 

Pa than for a neutral cluster. Calculations showed that substantial fraction of 

soot particles (~10%) with relatively high charge can accumulate water-soluble components 

(molecules possessing their own dipole moment H2O, SO2, NO2, HNO3, CH2O, etc.) inside 

the combustion chamber. This process leads to the change of heterogeneous properties of soot 

particles’ surface and increase of their hydrophilic properties. 

Analysis of infrared-Fourier spectra of soot collected downstream of the combustion chamber 

showed that such soot consists of two different fractions: main fraction containing  

amorphous carbon and the fraction of impurities characterized by complex structure and 

significant amount of water-soluble substances, like organic sulphates, S-containing ions and 

organic molecules, on the surface of soot particles. Up to ~13.5 % of water-soluble substances 

can deposit on soot particles inside the combustion chamber [45]. Analysis of experimental 

and numerical results yielded the conclusion that the main fraction is formed from neutral 

clusters and particles with a small charge (Q  2e). These particles can not accumulate polar 

molecules inside the combustion chamber, and they are hydrophobic. Vice versa, the fraction 

of impurities demonstrates high level of hydrophilic properties. It is formed from particles 

with rather high charge level (Q > 10e). 

 

4. Variation of combustion products composition in engine duct 

 

Rapid expansion of hot gases generated in the combustion chamber of a jet engine, in a 

turbine and a nozzle (happens within 5-7 ms) leads to non-equilibrium variation of chemical 

composition of combustion products and redistribution of the charge on soot particles. 

Researchers have been studying these processes from the beginning of 1990s [32, 46, 47, 48]. 

The conducted research showed that the concentration of strong oxidizers like O, OH, HO2 in 

combustion products (the latter basically consist of N2, O2, CO2 and H2O) significantly varies 

from the outlet of the combustion chamber to the nozzle outlet. E.g. for RB211 engine at 

cruise flight regime of B-737 airplane, the emission index of OH changes from 5.4 g/kg at the 

combustion chamber outlet to 66 mg/kg at the nozzle outlet. Reactions of OH with NO2, SO2 

and other components of compound take place inside the engine duct. Therefore concentration 

of OH in the exhaust jet is only 1 ppm, which correlates well with the experiments on 

detection of OH in the engine jet in flight conditions [49]. Here SO3 and H2SO4 are also 

generated due to SO2 oxidation, the latter being the main sulfur-containing component formed 

during the combustion of aviation kerosene in the combustion chamber. Amount of SO3 and 

H2SO4, together with the amount of NO3 and HNO2, depend (though considerably less than 

the amount of SO3 and H2SO4) on fuel sulfur concentration. Approximately 3-5% of SO2 can 

transform into SO3 and H2SO4 depending on the conditions of expansion of gas in the turbine 

and the nozzle. Concentrations of NO3, HNO2, HNO3 and elements of NxHy also change 

significantly, and vice versa, the molar fraction of compound components like NO and NO2 

does not change so significantly. This shows that the engine emission characteristics with 

respect to NOx are defined mainly by the combustion chamber perfection. 
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Despite considerable growth of HNO2 and NO3 concentration from the combustion chamber 

outlet to the nozzle outlet, total amount of HNO2, HNO3 and NO3 does not exceed 1% of NOx 

in the engine exhaust. This agrees well with the measured concentrations of these components 

in the engine jet [27]. 

It was shown for the first time ever that the gas turbine exhaust is characterized by 

considerable concentration of sulfur-containing components HSO4

, SO2, SO3, H2SO4 even 

when there is no sulfur in the fuel. In this case, generation of the specified components in the 

engine duct results from transformation of S-containing components COS, CS2, H2S and SO2 

in SO3 and H2SO4 in the atmospheric air during the combustion of hydrocarbon fuel with the 

air in the combustion chamber [50]. 

Table 3 compares the calculated emission indices of different components at the combustion 

chamber outlet and the nozzle outlet of the bypass turbojet with the internal mixing of the 

flows of the first and second ducts for fuel sulfur content 0.04%. This engine is considered as 

a basic engine for an advanced supersonic business-class airplane in HISAC project of the 6
th

 

framework program of EU. One can see that for the majority of components the emission 

indices at the combustion chamber outlet and the engine outlet differ significantly. 

 

Table 3. Emission indices of different components EI(M) at HISAC airplane combustion 

chamber outlet and nozzle outlet  

 

Thrust, % 100% 85% 30% 

 nozzle 
Combustion 

chamber 
nozzle 

Combustion 

chamber 
nozzle 

Combustion 

chamber 

SO2 0.73 0.783 0.69 0.781 0.705 0.748 

H2SO4 0.054 0 0.029 0 0.0188 0 

NOx 35.6 36.4 26.5 29.2 11.2 12 

CO 0.59 0.72 10.21 11.3 72.5 76.7 

CO2 3122 624 2873 574 2895 579 

CxHy 0.12 0.06 0.48 1.2 10.7 12.9 

CH2O 3.8·10
-4

 5·10
-3

 3.7·10
-2

 9.5·10
-2

 5.75·10
-1

 5.3·10
-1

 

CH3OH 3.8·10
-4

 2.5·10
-4

 8.33·10
-4

 6.5·10
-3

 0.8·10
-1

 1.1·10
-1

 

C2OH 3·10
-6

 1.2·10
-3

 4·10
-4

 2.3·10
-2

 1.38·10
-1

 2·10
-1

 

 

One should also note high concentration of organic compounds (CH2O) at the nozzle outlet, 

which even at the nominal engine mode (85% of maximal thrust) is about the same as H2SO4 

concentration. This means that when the fuel sulfur content is small (FSC<0.04 %), the 

aerosol particles formed in the aviation engine jet are mainly organic particles on the basis of 

H2O/CH2O or H2O/CH2O/H2SO4 solution. This conclusion correlates well with the measured 

concentration of liquid aerosol particles depending on fuel sulfur content. These 

measurements have been conducted in the framework of SULFUR-5 project: for small fuel 

sulfur content the concentration of aerosol particles did not change with growing FSC [51]. 

 

5. Processes in jet engine exhaust jet 

 

The analysis in the previous section yields that the gas at the gas turbine engine nozzle outlet 

contains considerable amount of different compounds, including ions, neutral and charged 

soot particles, gas components, which are forerunners of aerosol particles H2O, SO3, H2SO4, 

HNO3, organic molecules (e.g. CH2O). 
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The process of cooling relative to hot gases (T600 K) outflowing from the nozzle (the former 

occurring due to mixing of exhaust gases with cold atmospheric air (Ta220 K)) leads to a 

whole range of non-equilibrium physical and chemical processes. These are: transformation 

of the compound chemical composition, generation of cluster ions, generation of liquid 

sulphate (H2O/H2SO4) or organic (H2O/СH2O) aerosol particles with d=2-14 nm, formation of 

quite large particles with d=0.1-1 μm with a soot core covered by H2O/H2SO4 and 

H2O/organics solution, and formation of ice particles (when supersaturation solution/ ice 

conditions are attained, the liquid shell deposited on soot particles freezes). All these 

processes take place against the background of complex gas dynamic structure of the flow 

resulting from turbulent mixing of products exhausted from the engine nozzle with air 

containing atmospheric gases O3, COx, HOx, SOx, H2Ox, HxS, CSx (x=1, 2), NOy (y=1-3), 

HNOz (z=1…4), N2O, N2O5, CH4, CnHm, CHyOx, COS, HCl, Clx, ClOx, CClz, CFCly, CFxClx, 

HOCl.  

It should be noted that despite the considerable amount of experimental and theoretical 

research of these processes, many problems remain unsolved. Thus, mechanisms of 

generation of quite large liquid aerosol particles with d>10 nm are unclear. Besides, soot 

particles activation mechanisms that transfer initially hydrophobic soot particles into 

hydrophilic ones (i.e. able to deposit H2O vapor on their surface) are incompletely understood. 

These mechanisms are the key ones for the description of condensation trail generation and 

formation of additional clouds in the troposphere due to commercial airplane flights. E.g. 

hopes were laid on the so-called “ion” model of liquid aerosol particles generation [52]. This 

model considers the kinetic process of coagulation of charged cluster ions and neutral 

molecules H2O, H2SO4 as the main process for aerosol generation. This model allowed 

explanation of the existence of considerable amount (Na10
6
 сm

-3
) of relatively large liquid 

particles with d>14 nm in subsonic airplane jets [53]. However, numerical results agreed well 

with experimental data only when ion concentration at the nozzle outlet was Ni=210
9
 сm

-3
, 

which is 10 times the values measured and calculated using detailed Ni models. The second 

incorrect premise made by this model’s authors was the decrease of condensation coefficient 

for small clusters with d=1-6 nm down to 0.01, and for relatively large particles with d>6 nm 

it was taken as 1. The latest experiments and calculations using the molecular dynamics 

models showed that this coefficient is close to 1 both for small and large clusters. 

CIAM has also developed the detailed microphysical models of generation of cluster ions and 

liquid sulphate aerosols interacting with polydisperse ensemble of soot particles. These 

models allow for the activation processes of the latter due to coagulation with sulphate 

aerosols and heterogenic binary nucleation H2O/H2SO4 on the surface of soot particles [50, 54, 

55]. The analysis of the effect of generation of ions and sulphur compounds SO2, SO3, H2SO4 

on generation of sulphate aerosols and cluster ions in exhaust jets of existing subsonic 

passenger airplanes was carried out. It has been shown that when at the engine nozzle outlet 

there are SO3 and H2SO4 formed in the jet engine duct, this leads to formation of small 

sulphate aerosol particles with the diameter not exceeding 1.2 nm and concentration  ~10
4
-10

5
 

сm
-3

 (at d>1 nm), even when sulfur is absent in fuel. Presence of sulphate aerosols in the 

sulfate-free fuel engine jet leads to an important conclusion that liquid particles will also form 

from ternary solution H2O/H2SO4/HNO3 in a hydrogen engine jet. 

Soot particles emitted from the engine nozzle (their radius falling within the range ~5-100 nm) 

can accumulate solution  H2O/H2SO4 or H2O/CH2O on itself even at small distances from the 

nozzle outlet (25-100 m) both due to heterogeneous nucleation from gaseous phase and 

deposition of small sulphate aerosols in the process of their coagulation with soot particles. 

These processes are more intense on charged soot particles. Besides, H2O and H2SO4 
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molecules can deposit directly on the latter owing to electrostatic interaction. Depending on 

fuel sulfur content, 5-15% of soot particles may be covered with H2O/H2SO4 solution with 

organics and HNO3 additives. 

Liquid solution on the surface of soot particles is one of the key factors for the generation of 

visible (condensation) trail of the airplane. The point is that clean soot particles are 

hydrophobic and even when supersaturating with water vapor in the jet, there is no H2O 

condensation on clean soot particles. The latter is possible only on the particles the surface of 

which is covered with H2O/H2SO4 or H2O/CH2O solution. Condensation of H2O vapor makes 

the radius of these particles grow up to 1 μm (for large particles). Generation of such large 

aerosol particles containing in their cores the soot particles covered with dilute solution of 

H2O/H2SO4 takes place already at the distance of 200 m from the nozzle outlet. When the 

temperature falls down to 230-240 K, the solution (dilute solution H2O/H2SO4) freezes on 

these particles [55]. Their concentration in the jet is 10
2
-10

4
 сm

-3
. It is these particles that 

form the visible airplane’s trail and that are able to initiate additional cloud formation. 

Thus, emission from aviation engines into the atmosphere causes generation of additional (if 

compared to the natural level) amount of solid (soot and ice) and liquid (sulphate and organic) 

microparticles in the upper troposphere and the lower stratosphere. 

 

5. Aviation and stratosphere aerosols 

 

At the altitude of 15-35 km (with the maximum concentration at 20 km) in the atmosphere 

there are other sulphate aerosols and particles consisting of supercooled ternary solutions 

H2O/H2SO4/HNO3. The size of these particles falls within the range of 0.1-1 μm. Their 

amount greatly depends on volcanic activity. Thus, the explosion of Pinatubo in June 1991 

initiated formation of new sulphate particles. This led to fiftyfold increase of the surface area 

of sulphate aerosols. Evolution of composition and phase condition of such aerosols is 

actively studied. This is crucial for understanding of mechanisms of formation of stratosphere 

clouds in polar regions of the Earth. 

Clouds observed at the altitude of 14-24 km at the temperature of T195 K are called type-1 

polar stratosphere clouds (PSC-1), They consist of particles of crystal nitric acid trihydrate 

HNO33H2O with the size of 0.15-5 μm. At lower temperatures T188 K, which are typical 

for winter months above Antarctic Continent, 1-10 μm ice particles are formed in this area. 

Their properties are close to the ones of particles that constitute high cirrus in troposphere. 

Objects consisting of such ice crystals are called type-2 polar stratosphere clouds (PSC-2). 

It was established that heterogenic processes on the surface of aerosol particles play a key role 

in destruction of ozone at the altitude of 15-25 km. The abovementioned Pinatubo explosion 

caused 3-4% decrease of ozone concentration at middle latitudes in winter 1992-1993. 

Estimates were made on the basis of 2D photochemical models, containing a module for the 

description of aerosol generation. They showed that under full conversion of SO2 into H2SO4 

and formation of ~10 nm drops in the airplane trail, the maximal increase of the surface area 

of sulphate aerosols in flight routes of tentative fleet of 500 supersonic passenger airplanes 

flying in a latitudinal corridor 30-60N at the altitude of 18 km with the velocity 2.4 times 

exceeding the sound velocity (NASA scenario) can reach 200% of natural level. Average 

increase of concentration of stratosphere sulphate aerosols under this scenario will be 22%, 

which is similar to an eruption of a small volcano. 

Additional generation of PSC-1 may result from the emission of NOx, HNO2, HNO3, NO3 and 

H2O from jet engines operating at high latitudes, since increasing content of HNO3 and H2O 

in the stratosphere leads to 1.7С increase of the threshold temperature at which formation of 
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HNO33H2O crystals starts. Allowance for the detailed microphysics of PSC-1 formation 

when estimating the aviation impact on the atmosphere according to NASA scenario led to 

20% increase of the area of PSC-1 particles’ surface area at the altitude of H=15 km and 

latitude 70N and formation of PSC-1 even at relatively low latitudes (60N). 

Unfortunately, there is no research of the influence of possible formation of 

H2O/H2SO4/HNO3 and ice particles in the airplane trail on the formation of stratosphere 

clouds at high latitudes. Though considerable concentration of sulphate aerosols generated in 

the airplane trail should lead to the increase of possibility of generation of all types of PSC. 

Therefore it may appear that the recently estimated impact of supersonic flights on the 

stratosphere aerosol layer and generation of PSC has been underestimated and should be 

reconsidered allowing for new data on the generation of condensed phase in the stratosphere 

and data on simulation of particle growth in the airplane trail and their subsequent evolution 

in the atmosphere. 

 

7. Aviation and climate 

 

The less studied issue nowadays is climatic consequences of aviation objects in the upper 

troposphere (altitude of 10-12 km). This is due to the complex analysis of large number of 

interrelated processes in this atmospheric layer: exchange between the troposphere and 

stratosphere, latitude and meridional transfer of air masses, physical and chemical 

transformations of gaseous phase and on the surface of aerosols. This layer is also the most 

sensitive to the greenhouse effect resulting from the increasing concentration of H2O, CO2, 

N2O, CH4 and other gases that absorb infrared radiation. 

It should be noted that the contribution of H2O emissions by airplanes is quite small if 

compared to the background level, but the consequences of additional formation of cirrus due 

to this emission to the troposphere may appear quite significant. Such clouds cause severe 

greenhouse effect. According to the estimations, the peak increase of clouds (2-3.5%) due to 

condensation trails is observed in January in North Atlantic flight routes (average value for 

Europe is 0.5%). Climatic consequences of cloudiness enhancement are the change of 

atmosphere balance and heating near the Earth surface by 1.2-1.4K. 

Troposphere aerosol layer also contributes much into climate. The former differs from the 

stratosphere layer in its composition. The concentration of aerosols when passing from the 

lower stratosphere to the upper troposphere decreases ten times. The main part is sulphate 

aerosols, but their H2SO4 content decreases if compared to the stratosphere from 75% to 60% 

due to relative humidity growth. When the altitude decreases, H2SO4 is partly neutralized, and 

ammonium sulphate is generated. Elemental analysis showed the presence of microparticles 

of the Earth crust in the upper troposphere. These particles contain silicon and calcium, metal 

particles: ferrum, aluminum, zinc, stannic, and soot. The main contribution to the generation 

of soot troposphere layer is made by aviation. 

The basis of soot is spherical particles with the size of 20-40 nm. In the atmosphere, they exist 

in the form of agglomerate chains with the size of 0.1-0.5 μm. They can play an important 

role in the troposphere radiation balance. Being inside the cloud drops, soot particles decrease 

the reflecting power by 30% if compared to pure water for the wavelengths less than 1 μm. 

Registration of 0.15 μm particles (optimal size for the generation of cloud condensation nuclei) 

in the subsonic airplane’s trail yields important conclusions concerning possible increase of 

concentration of these nuclei in the troposphere due to aviation impact. 

To estimate the total climatic effect of aviation flights in the upper troposphere, one should 

possess information on heterogeneous destruction of different compounds. Thus, O3 decays 
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actively on the surface of soot particles, hence NO2 and HNO3 with conversion to NO takes 

place. This contributes to the decrease of ozone content both in the upper troposphere (the 

region of maximal soot aerosol layer) and in the lower stratosphere (where soot aerosols can 

raise). 

The predicted double consumption of fuel by airplanes in the nearest 18-25 years can lead to 

the double area of soot particles’ surface in the lower stratosphere and tenfold increase of their 

concentration within the flight roots. 

 

8. Conclusions 

 

It has been established that both the subsonic and supersonic aviation can influence the 

atmospheric processes and climate. However, the degree of impact has not been quantitatively 

estimated so far. This is due to the lack of knowledge on the processes in the atmosphere and 

complexity of models used for such estimations, which require rather large number of 

parameters, which have not been defined yet. Nevertheless, it is already recognized that 

special standards should be introduced on the emission of gaseous and aerosol components by 

aviation engines at cruise flight mode to minimize negative consequences of aviation 

transportation from the standpoint of their impact on the atmosphere and climate. 

Nowadays, the main directions of the research include definition of engine emission 

characteristics, simulation of physical and chemical processes when gases emitted from the 

nozzle mix with the atmosphere, studies of atmospheric processes that are the most sensitive 

to the global impact of aviation. We need more detailed research of gas-phase processes in the 

atmosphere and on the surface of particles of stratosphere and troposphere aerosol layers, 

studies of the dynamics of formation of microparticles in the upper troposphere and lower 

stratosphere. New data should be obtained on heterogeneous reactions on the surface of 

particles of polar stratosphere clouds, on sulphate aerosols, particles of ternary supercooled 

solutions and soot troposphere aerosols. It is important to determine the role of emission 

aerosols in formation of polar stratosphere clouds and additional cloudiness in the troposphere. 

And it is also necessary to study how sulphate and organic aerosol particles generated in the 

near-field engine jet transform when they get into the atmosphere within the time scale of ~10 

seconds – 1 hour and more, i.e. during the diffuse spreading of the exhaust jet. 

The work was financially supported by the President’s Council for the Support of Young 

Scientists and Leading Scientific Groups (grant no.NSh-960.2014.8). 
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For the first time were researched and established the basic behaviors of aeroacoustic processes during 

sudden depressurization and gas outflow from compartment through the round-type and lacerated-type 

holes. The data processing method for air pressure pulsation spectrum at the compartment during 

sudden depressurisation has been developed. The robust estimates of air pressure pulsation values 

were defined using Bessel filter and Δf = (0…400) Hz passband. The SPL-spectrum of the lacerated-

type hole with Frel = (0,486-0,497) relative area has three intersections comparing with SPL-spectrum 

of the round-type hole. 

In general the gas outflow from the compartment is going via the hole having various configurations 

and areas. The principal patterns of the processes during air outflow from the compartment mainly via 

round-type hole were researched and established. The basic performances of moving gas inside the 

compartment and near location of round-type hole were defined. The basic models of moving gas 

during gas outflow via round-type hole at sub-critical and supercritical pressure ratio between 

compartment and ambient medium where gas inflowing were developed. The computation of air 

parameters in the compartments basing on the developed models were performed for various 

industries.  

 

1. Analysis of publications 

 

For the first time, the theoretical researches of air flow via hole (orifice) in the channel in 

which air flows were conducted by Nikolay Yegorovich Zhukovsky [1]. Also Sergey 

Alexeyevich Chaplygin considered the task about gas outflow via hole (orifice) from infinite 

vessel [2]. The impact of hole (orifice) configuration on the air flow processes was not 

considered in these studies. 

Further researches of gas-dynamic processes during gas outflow via hole (orifice) with sharp 

edge, with rounded radius and with subsonic, sonic and supersonic velocities were conducted 

by other authors [3, 4, and 5]. 

The processes of gas (liquid) stream flow-around shield (wall) were described in the study [6]. 

The processes of ideal steady gas moving and free jet (stream) load impacted on the shield 

were considered. The mathematical model of free jet (stream) load impact on the shield was 

developed. The  P Q v   formula (where Q - gas mass flow, v - gas velocity) defines gas 

stream dynamic impact on the flat wall (shield) installed perpendicularly to the flow (stream). 

The force (load) and point of its application on the shield were defined for ideal and 

incompressible liquid.  

The hydrodynamic forces impacting on various hydraulic equipments were considered in 

study [7]. Basing on moving body mechanics equitation the analysis of the homogeneous 

liquid outflow from closed vessel to the shield with v velocity via hole with S cross-section 

was made. At that there is an (F) force (load) occurred on the shield which is equal to 

SPPvMF )( 01   (where M - liquid mass flow, 1P  - liquid static pressure at the hole 

outlet, 0P  - pressure of ambient environment which gets the liquid outflow). Force direction is 

in line with v velocity direction. Some particular cases of liquid flow and flow reacting caused 

by variation of momentum were researched. The mathematical models presented by studies 
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[6, 7] are not taking into account the static and dynamic components of moving air, and 

therefore it limits the practical application sphere of the obtained models. 

The experimental research results for vortex valves with the axial, axial-radial and slot-type 

diffusors were given in the study [8]. The maximal through capacity (flow efficiency) has the 

vortex amplifier with slot-type diffusor having 911.  flow factor. The diffusor operating 

performance has two hysteresis zones of flow step change. 

The specific features and aspects of aircraft compartment depressurisation are explained in the 

study made by Ivlentiev V.S. [9]. The mathematical models of the processes in the 

compartment during isothermal, adiabatic and polytrophic changing of gas parameters were 

presented. For the general case the model at polytropa running value was considered. The 

developed models have a limited application area, because they are not able to describe the 

changes of gas-dynamic and aeroacoustic processes for the air in the compartment at sudden 

depressurisation. 

The experimental test rig to conduct the aeroacoustic researches during sudden 

depressurisation of the vessel is presented in the study [10]. Test rig includes the vessel with 

elastic membrane (diaphragm). With external air supply into vessel the elastic membrane 

(diaphragm) or the studied hole was exploded at the required pressure level and then the 

sudden gas outflow to the ambient environment (atmosphere) or to the neighbouring 

compartment happen. The aeroacoustic performances of moving air during sudden 

depressurisation were defined. For the first time, the gas pressure wave velocity in the two 

neighbouring compartments at the sudden change of gas pressure in the one of these 

compartments was defined. The results of noise level measurements at the elastic membrane 

(diaphragm) outlet depending on compartment length were given. Hole configuration at air 

outflow from the compartment was not considered. 

The analysis of studies [1-10] is showing that researches were conducted mainly for the gas 

outflow from the compartment via round-type hole and that was no their aeroacoustic 

performances. Frequently the real cases of gas outflow from the compartment are 

accompanied with the arbitrary form (configuration) holes. The typical example is an air 

outflow during sudden depressurisation of aircraft compartment. Air outflow from the 

compartment is accompanied by complicated aeroacoustic events. During sudden 

depressurisation the destruction of the cockpit windshield slides or fuselage parts, the breach 

of cabin structural or pressure integrity could be frequently happen.  

The specific features and aspects of such researches and computations conducting are defined 

by АП-25 aviation regulations. Therefore there is a need to conduct additional researches in 

order to establish the principal patterns of air parameters changing in the compartment and 

hole that gas outflowing. 

 

2. The relevance of problem 

 

The analysis of the published studies demonstrated that definition of the principal patterns of 

gas-dynamic and aeroacoustic processes in the compartment during sudden depressurisation 

of this compartment via hole with any arbitrary form (configuration) is relevant and represents 

the scientific application task. 

 

3. Target and tasks of researches 

 

The target of the presented researches is to study the basic processes in the compartment 

during sudden depressurisation via round-type and lacerated-type holes. 
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In order to achieve target objectives the following tasks are solved: 

1. To develop the data processing method for air pressure pulsation spectrum at 

the compartment. 

2. To establish the principal patterns of gas-dynamic and aeroacoustic processes in the 

compartments at gas outflow via lacerated-type hole; to conduct the comparative estimation 

between round-type and lacerated-type holes. 

3. Data processing method for air pressure pulsation spectrum at the compartment during 

sudden depressurisation. 

During sudden depressurisation of compartment the gas outflow via hole with complicated 

configuration could happen. In general, the holing in the compartment is a random process 

depending on many factors and aspects. One of them impacting on the gas flow from the 

compartment is hole shape (form). 

The researches to study the aeroacoustic processes were conducted on the test rig in 

accordance with study [10]. Test rig includes the vessel (compartment). Due to air excessive 

(gauge) pressure impact the destruction of researched membrane (diaphragm) happens and 

then an air outflows this vessel to the ambient atmosphere or to the neighbouring vessel. 

At the destruction of membrane the hole with F0 area with sharp edges are formed. The hole 

relative area equals to Frel= F0/F, where F – channel (compartment) cross-section area. 

During air outflow the basic aeroacoustic processes – gas pressure and sound pressure level 

(SPL) at compartment outlet – were defined. The analysis of SPL-spectrum allowed to define 

the pattern of sound field generated by moving gas during sudden depressurisation of the 

compartment. 

Data processing method for air pressure pulsation spectrum at the compartment during sudden 

depressurisation includes the widely used numerical filters were used – Butterworth filter, 

Chebyshev filter (equiripple filter) and Bessel filter. The numerical studies of gas pressure 

changing in the compartment (with Frel = 1 relative area) during sudden depressurisation were 

performed. The preferable parameters of the filter – passband and filter ratio – for the whole 

changing range of gas parameters were defined. For aerodynamic noise frequency analysis the 

“SPECTRAN” universal recorder-analyser of vibro-acoustic signals was used (State 

metrological certification ref. No 22-0771 dated 31.07.2006). Sampling frequency of pressure 

and temperature sensors was equal to 35 kHz. With sensors sampling frequency increasing up 

to 60 kHz the estimation of the measured parameters was not significantly changed. 

For noise spectrum analysis at acoustic measurements the octave-band and one-third octave 

band electronic filters were used. The analysis of gas pressure pulsation spectrum using the 

filters with passband from  f = (0…50) Hz up to  f = (0…1000) Hz were made. Basing on 

results of filter application the 2 = Y = (Yf – Yb)
2
/N experiment dispersion was defined, 

where Yf – filtered value of gas pressure in the compartment; Yb – gas pressure in the 

compartment measured by pressure sensor; N – number of experiments. With increasing of 

passband frequency filter the dispersion magnitude decreases monotony as per exponent law; 

so for Chebyshev filter with  f = (0…50) Hz filter passband the dispersion equals to 

Y = 0,865 10
10

 Pa
2
, and for  f = (0…1000) Hz passband the dispersion equals to 

Y = 0,0197 10
10

 Pa
2
 (see Fig.1). 

The Y = 0,375 10
10

 Pa
2 

minimal dispersion value has been obtained for Bessel filter with 

 f = (0…50) Hz, and for  f = (0…1000) Hz it equals to Y = 0,00528 10
10

 Pa
2
. The 

significant changing of dispersion was obtained for the researched filters with passband 

frequency up to  f = (0…400) Hz. For Chebyshev filter within this frequency domain the 

dispersion decreases down in a ~15 times. For Butterworth filter, Chebyshev filter and Bessel 
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filter the passband frequency filter increasing from  f = (0…400) Hz the dispersion 

decreases monotony in a ~4 times, and its changing could be approximated as a linear. 

 
Fig. 1.  The (Y 10

10
 Pa

2
) dispersion dependency from (X, Hz) filter passband for various 

filter types: 

Curve 1 – Butterworth filter; Curve 2 – Chebyshev filter; Curve 3 – Bessel filter. 

 

The filters passband frequencies domain is characterized relatively to other domains by robust 

estimations of measured parameters depending on filter type. The pulsation spectrum analysis 

of gas pressure in the compartment at supercritical pressure ratio of gas in the compartment 

demonstrates that prevailing level of gas pressure pulsation occurred at f 230 Hz frequency. 

Therefore the more preferable is usage of the filter with passband frequency more than 

230 Hz. The maximum deviations of the estimations with filter applied are considered at the 

beginning of filter passband. The selection of the required filter parameters allows to 

eliminate this problem. For the conducted researches the filter field of use is located in the 

initial field of gas pressure before membrane destruction, when gas pressure in the 

compartment does not change. That particular field of gas pressure in the compartment has a 

significant effect on dispersion value during filter efficiency estimation. The maximum 

deviation of estimations was obtained for Butterworth filter and Chebyshev filter at the 

beginning of membrane destruction with Pgauge2,9710
5
 Pa gas pressure in the compartment 

and with gas pressure dropped down to ambient atmosphere level. 

The estimations with Bessel filter applied have a minimum deviations comparing with 

experimental data. In the levelling-off zone of gas pressure in the compartment down to 

ambient atmosphere the filtered, as considered, estimations of gas pressure in the 

compartment have a phase displacement. For Bessel filter with  f = (0…400) Hz passband 

the minimum deviations relative to experimental results were obtained. The dispersion values 

in the field of positive and negative X=Yф-Yb deviations for the Bessel filter application were 
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located symmetrically relative to Y axis with X=0 zero of coordinate system. Therefore the 

estimations with Bessel filter applied have the uniform (equable) location comparing with 

experimental data. 

 
Fig. 2.  The (Y 10

10
, Pa

2
) dispersion dependency from (Х) filter ratio with  f = (0…400) Hz 

filter passband for various filter types: 

Curve 1 – Bessel filter; Curve 2 – Butterworth filter; Curve 3 – Chebyshev filter. 

 

The filter ratio effects on changing of gas parameters in the compartment in accordance with 

model that filter using (see Fig.2). With filter ratio equals to 10 and more the considered 

filters have a maximal dispersion; and with filter ratio further increasing the dispersion does 

not changed practically. An ( 2 =0,00377 10
10

 Pa
2
) minimal dispersion value was obtained 

for the considered Butterworth filter, Chebyshev filter and Bessel filter with filter ratio equals 

to 1. With filter ratio more than 1 and less than 11 the model with Bessel filter applied has the 

minimal dispersion. 

The estimations with Bessel filter applied have the steady linear dependency that indicates on 

the advantages of this filter comparing with other filters – Butterworth filter and Chebyshev 

filter. The estimations with Chebyshev filter applied have the maximal dispersion and wave-

shaped changing of dispersion depending on filter ratio. The filter ratio has an effect on 

estimations displacement of gas pressure changing in the compartment. For Bessel filter with 

filter ratio equals to 10 the 0,0135 sec delaying of gas pressure in the compartment takes place 

at Pgauge2,510
5
 Pa. The discrepancy of calculation results made in accordance with model 

equals to 29% in comparison with experiment data. 

With decreasing of gas pressure in the compartment down to  Pgauge0,510
5
 Pa the 0.002807 

sec delaying of gas pressure in the compartment is reached and discrepancy became equal to 

5.7%. Time delaying of gas pressure in the compartment was also obtained for filter ratio 

equal to 1 as well. For Pgauge  (0,5…2,5)10
5
 Pa gas pressure range the delaying equals to 



 

Modelling processes under sudden depressurisation of compartment in flying machine 

 59 

(0,000275…0,000523) sec, and the discrepancy of calculation results does not exceed 

(0,6…1,1)%. 

The periodic wave-shaped changing of gas parameters in the compartment in accordance with 

model and estimations displacement in opposite sides relatively to the experimental data at the 

different phases of gas pressure changing in the compartment allows to obtain the uniform 

(equable) distribution of gas pressure relatively to the experimental data. 

Upon the expiration of (50…90) sec after compartment depressurisation the model accuracy 

(discrepancy) depends on random pulsations of gas pressure. Filter ratio has not a significant 

effect on the oscillating character of gas parameters changing in the compartment in 

accordance with model that using a Bessel filter. 

The results analysis of dispersion models research demonstrates that minimal deviation 

between experimental and modelled data was obtained with the usage of Butterworth filter, 

Chebyshev filter and Bessel filter with these filters ratio equals to 1. If filter ratio changed 

then the model with Bessel filter applied has the minimal dispersion value and the robust 

estimations. The obtained model used to determine the gas parameters in the compartment 

using the filter ratio equal to 1 reflects the character of process pattern (behaviour), describes 

the changing of gas pressure in the compartment with practically useful-level accuracy and 

could be applied for processes analysis during  sudden depressurisation of the compartment. 

 

4. Aeroacoustic performances at gas outflow via lacerated-type hole 

 

The experience of aircraft operation demonstrates that real events of sudden depressurisation 

are accompanied by gas outflow from the compartment via the hole frequently having any 

arbitrary form (configuration). Such hole could have very various configurations and it quite 

frequently occurs as a result of aircraft structure destruction and/or fuselage skin destruction. 

Such hole contains the structure components counter streamed to air flow, the lacerated 

(defragmented) components of structure, the elastic (flexible) and fixed components of 

structure, etc. Depending on structure design features the hole could change its shape (form) 

and through-pass area during gas outflow. The hole with such parameters is defined as a 

lacerated-type. 

The tests results of lacerated-type hole are presented on the diagrams – see Fig.3, 4 and 5. At 

sudden depressurisation via lacerated-type hole with Frel = 0,036 (see Fig.3) the character of 

noise spectrum at sub-critical pressure ratio is compared with the noise spectrum for slot-type 

and plug-type holes especially on the frequencies up to 63 Hz. The acoustic performances 

proximity  with round-type hole was observed for lacerated-type hole with Frel = 1. 

The maximum changing of pressure pulsation for lacerated-type hole at sub-critical pressure 

ratio at Pgauge=0,7710
5
 Pa and Pgauge=0,4610

5
 Pa has been obtained for low frequencies in 

(8…31,5) Hz range. With pressure pulsation frequency increasing the SPL increases from 

L=58,6 dB up to L=81,9 dB at Pgauge=0,4610
5
 Pa, and it increases from L=69,6 dB up to 

L=97,5 dB at Pgauge=0,7710
5
 Pa. A relatively uniform (equable) character of SPL changing is 

presented at the frequencies more than 31,5 Hz. The noise spectrum at supercritical pressure 

ratio has the maximal SPL in the fields of  (8…16) Hz and (2000…4000) Hz frequencies, and 

it has the minimal SPL in the field of (250…500) Hz frequency. The sound pressure 

pulsations at (8…16) Hz frequencies make the prevailing contribution in overall noise level.  

At the increasing of pressure in the compartment from Pgauge= 0,4610
5
 Pa up to 

Pgauge= 2,510
5
 Pa also OSPL increases continuously from Lsum = 99,1 dB up to 

Lsum = 121,2 dB. At the increasing of initial pressure in the compartment from 

Pgauge= 0,4610
5
 Pa up to Pgauge= 2,7510

5
 Pa the SPL increases to ΔL=(53,6…22,3) dB at 
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(8…125) Hz frequency, it increases to ΔL=(10,2…22,3) dB at (125…1000) Hz frequency, it 

increases up to ΔL=(12,2…19,3) dB at the frequencies more than 1000 Hz.. 

 
Fig. 3.  The (Y,  dB) SPL dependency from (Х, Hz) octave-band frequencies of lacerated-type 

hole with Frel= 0,036 during compartment depressurisation for various initial values of gas 

pressure in the compartment: 

Curve 1 – Pgauge =2,7510
5
 Pa, Lsum= 121,15 dB; 

Curve 2 – Pgauge =1,210
5
 Pa, Lsum= 110,8 dB; 

Curve 3 – Pgauge =1,310
5
 Pa, Lsum= 115,9 dB: 

Curve 4 – Pgauge =0,7710
5
 Pa, Lsum= 103,6 dB; 

Curve 5 – Pgauge =0,4610
5
 Pa, Lsum= 99,11 dB. 

 

At the hole increasing up to Frel = 0,095 (see Fig.4) the spectrum changing is occurred in the 

areas of supercritical pressure ratio and relatively low pressures in the compartment. It 

witnesses about reconfiguration of gas outflow pattern (behaviour). The characters of pressure 

pulsations for lacerated-type and slot-type holes are coinciding for Pgauge= (0,3…1,75)10
5
 Pa 

gas pressure range in the compartment. The characters of pressure pulsations for lacerated-

type and plug-type holes are coinciding at the frequencies more than 31.5 Hz and 

Pgauge= 0,2610
5
 Pa pressure.  

The spectrum analysis (see Fig.4) demonstrates that maximal changing of pressure pulsations 

for the researched pressures in the compartment has been obtained for (8…31,5) Hz low 

frequency range and it equalled to ΔL= (31,2…63,2) dB at Pgauge= (0,26…1,75)10
5
 Pa 

pressure changing range in the compartment. If gas initial pressure in the compartment 

increases from Pgauge= 0,2610
5
 Pa up to Pgauge= 1,7510

5
 Pa during sudden depressurisation 

also a continuous increasing of OSPL from Lsum= 96,6 dB up to Lsum= 127,8 dB is occurred. 

At that the SPL increasing on (8…125) Hz frequency composes to ΔL=(31,2…63,2) dB, 

increasing on (125…1000) Hz frequency composes to ΔL=(37…21.8) dB and increasing on 

frequency higher than 1000 Hz composes to ΔL=(23.9…32.2) dB. The sound pressure 

pulsations at (31,5…63) Hz frequency range has the prevailing contribution into overall noise 
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level except  experimental tests made at Pgauge= 0,2610
5
 Pa (where the prevailing 

contribution has been considered at (1000…8000) Hz frequency range). 

 
Fig. 4.  The (Y,  dB) SPL dependency from (Х, Hz) octave-band frequencies for lacerated-

type hole with Frel= 0,095 during compartment depressurisation for various initial values of 

gas pressure in the compartment: 

Curve 1 – Pgauge =0,2610
5
 Pa, Lsum= 96,55 dB; 

Curve 2 – Pgauge =0,310
5
 Pa, Lsum= 100,6 dB; 

Curve 3 – Pgauge =0,8810
5
 Pa, Lsum= 108,84 dB; 

Curve 4 – Pgauge =1,7510
5
 Pa, Lsum= 112,32 dB; 

Curve 5 – Pgauge =1,3510
5
 Pa, Lsum= 127,77 dB. 

 

The spectrum character is significantly changed with hole increasing up to Frel = 0,486 (see 

Fig.5). The noise spectrum has a flat characteristic. The general character of SPL reducing is 

considered together with pulsation frequency increasing. Some deviation from this pattern 

(behaviour) has been considered for critical flow range. The extreme low frequency within 

(8…16) Hz range has a prevailing contribution in overall noise level.  

The exception is contribution of pressure pulsation at 125 Hz frequency and 

Pgauge= 3,0110
5
 Pa pressure. With increasing of initial pressure in the compartment from 

Pgauge= 0,2210
5
 Pa up to Pgauge= 3,0110

5
 Pa is obtained the OSPL increasing from 

Lsum= 104,8 dB up to Lsum= 136,1 dB. SPL increasing on (8…125) Hz frequency composes to 

ΔL= (36,8…32,4) dB, increasing on (125…1000) Hz frequency composes to 

ΔL= (32,4…26,1) dB, increasing on the frequency higher than 1000 Hz composes to 

ΔL= (32,1…24,5) dB. 

The comparative analysis of spectrums shown on the diagrams (see Fig.3 and 4) demonstrates 

that with the increasing of relatively close gas initial pressures in the compartment from 

Pgauge= (0,46…0,3)10
5
 Pa up to Pgauge= (1,3…1,35)10

5
 Pa also the OSPL is increasing from 
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Lsum= 99,1 dB up to Lsum= 115,9 dB (ΔLsum= 16,8 dB) with Frel = 0,036 and is increasing from 

Lsum= 100,6 dB up to Lsum= 127,8 dB (ΔLsum= 27,2 dB) with Frel = 0,095. It could be 

conducted from the analysis of spectrums (see Fig. 2 and 3) that with the increasing of gas 

initial pressure in the compartment from Pgauge= (0,22…0,26)105 Pa up to 

Pgauge= (1,75…1,85)10
5
 Pa also the OSPL is increasing from Lsum= 96,6 dB up to 

Lsum= 112,3 dB (ΔLsum= 15,7 dB) with Frel = 0.095 and is increasing from Lsum= 104,8 dB up 

to Lsum= 128,5 dB (ΔLsum= 23,7 dB) with Frel = 0,486.  

 
Fig. 5. The (Y,  dB) SPL dependency from (Х, Hz) octave-band frequencies for lacerated-type 

hole with Frel= 0,486 during compartment depressurisation for various initial values of gas 

pressure in the compartment: 

Curve 1 – Pgauge =0,2210
5
 Pa, Lsum= 104,79 dB; 

Curve 2 – Pgauge =0,410
5
 Pa, Lsum= 106,8 dB; 

Curve 3 – Pgauge =0,7710
5
 Pa, Lsum= 120,5 dB; 

Curve 4 – Pgauge =1,2610
5
 Pa, Lsum= 117,2 dB; 

Curve 5 – Pgauge =1,8510
5
 Pa, Lsum= 128,54 dB; 

Curve 6 – Pgauge =3,0110
5
 Pa, Lsum= 136,12 dB. 

 

Colligating the conducted researches results it could be concluded that during sudden 

depressurisation of the compartment via lacerated-type hole with hole relative area increasing 

also the OSPL increases from Lsum= 99,1 dB minimal value for Frel = 0,036 at 

Pgauge= 0,4610
5
 Pa up to Lsum= 136,1 dB maximal value for Frel = 0,486 at 

Pgauge= 3,0110
5
 Pa. The hole relative area increasing is leading to SPL increasing within the 

whole (8…16000) Hz frequency range. The SPL made a prevailing contribution into 

(8…16) Hz low frequency range. 

Basing on the conducted researches it is possible to perform the comparative analysis of SPL 

generated by moving gas flow during sudden depressurisation of the compartment via round-
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type and lacerated-type holes. The surfaces intersection line of noise spectrum (see Fig.6) is 

defined according to the diagrams (see Fig.3-5). 

 
Fig. 6. The (Х, Hz) frequency dependency from (Y 510 , Pa) gauge pressure in the 

compartment for surfaces intersection line of SPL-spectrums for round-type and for lacerated-

type hole with Frel= 0,036. 

 

In accordance with Fig.6 defining the domains of  prevailing SPL at sudden depressurisation 

of the compartment depending on the hole structure design features. The following maximal 

SPL for gas outflow via round-type hole were obtained  comparing with the lacerated-type 

hole at the following gas pressures in the compartment:  Pgauge<(1,26…1,47)10
5
 Pa at 

(1339…20000) Hz frequency, Pgauge<(1,28…2,22)10
5
 Pa at f<(877…1339) Hz frequency, 

Pgauge>(2,22…2,75)10
5
 Pa at (1339…13141) Hz frequency. The surfaces intersection line 

has wave-shaped character within (877…1339) Hz frequency range at 

Pgauge= (1,28…2,22)10
5
 Pa. The surfaces intersection line is close to linear dependency 

within Pgauge= (1,26…1,29)10
5
 Pa relatively low pressures range at (6000…20000) Hz 

frequency range. The upper limit of surfaces intersection line is limited by  maximal values of 

the researched parameters. The internal domain of surfaces intersection line defines the 

maximal SPL at gas outflow via lacerated-type hole. Therefore the lacerated-type hole made 

the prevailing contribution into overall noise level during sudden depressurisation of the 

compartment via hole with gas initial pressure in the compartment and frequency values 

located inside  the internal domain of surfaces intersection line of spectrum; and the round-

type hole made same for exterior domain. 

There are some patterns (behaviours) of gas pressure pulsation forming were established 

basing on the analysis of OSPL changes during sudden depressurisation of the compartment 

depending on hole shape (form). The close values of OSPL (Lsum= 118,5 dB) were obtained 
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for round-type and lacerated-type holes at Pgauge= 1,9 510  Pa pressure. The commensurable 

values of OSPL were obtained for round-type and lacerated-type holes at within the range of 

Pgauge1,28 510  Pa gas initial pressures in the compartment. So consequently, the hole shape  

(form) impacts on the noise spectrum redistribution in frequency within this range of gas 

initial pressures in the compartment during sudden depressurisation of this compartment. At 

that the hole shape (form) impacts on OSPL value and on frequency changing of noise 

spectrum during gas outflow from the compartment at Pgauge<1,28 510  Pa pressure. The 

conducted researches are demonstrating that significant changes are suffered by levels of gas 

pressure pulsation. At the sudden depressurisation with Pgauge 0,57
510  Pa gas initial 

pressure in the compartment the OSPL for round-type hole equals to Lsum= 122,1 dB, and 

OSPL for lacerated-type hole equals to Lsum= 100,7 dB.  

The surfaces intersection lines of SPL-spectrums for round-type and lacerated-type holes are 

depending on hole relative area. With hole relative area increasing the number of domains of 

surfaces intersection also increases. So, for Frel = (0,486…0,497) relative area there are three 

domains of intersection of SPL-spectrums (see Fig.7) and there are three domains of maximal 

SPL for lacerated-type hole (see 1, 2, and 3).  

 
Fig. 7.  The (Х, Hz) frequency dependency from (Y10

5
, Pa) gauge pressure in the 

compartment for surfaces intersection line of SPL-spectrums for round-type and for lacerated-

type hole with Frel= (0,486…0,497): 

1, 2, 3 – domains of surfaces intersection. 

 

The first domain  takes place at Pgauge > (1,43…1,24)10
5
 Pa gas initial pressure in the 

compartment within (10551…20000) Hz frequency range, at Pgauge>(1,86…1,43)10
5
 Pa 

pressure within (10565…10551) Hz frequency range, and at Pgauge>(2,3…186)10
5
 Pa 

pressure within (8913…10565) Hz frequency range. This domain is open and limited only by 
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low values of gas pressure in the compartment. The second domain is closed and limited by 

Pgauge>(0,7…0,77)10
5
 Pa gas initial pressure in the compartment within (1716…3977) Hz 

frequency range, Pgauge>(1,24…0,7)10
5
 Pa pressure within (2025…1716) Hz frequency 

range, Pgauge<(1,24…1,21)10
5
 Pa pressure within (2025…6151) Hz frequency range, and 

Pgauge>(0,77…1,21)10
5
 Pa pressure within (3977…6151) Hz frequency range. The third 

domain is open in high frequencies area (more than 20000 Hz) and limited by two lines at 

Pgauge
 (0,439…0,507)10

5
 Pa and Pgauge<(0,507…0,536)10

5
 Pa pressures within 

(13275…20000) Hz frequency range. The third domain has relatively small subdomain of gas 

pressure changing in the compartment and pressure pulsation frequencies if comparing with 

two other domains mentioned above  

The analysis of gas pressure rate of change (ROC) at the initial moment of compartment 

depressurisation was made for lacerated-type hole with Frel=(0,036…0,486) hole relative area 

range within Pgauge=(0,257…3,057)10
5
 Pa pressure range for gas initial pressure changing in 

the compartment (see Fig.8). 

 
Fig. 8. The dependency of (Y10

4
, Pa/sec) initial gas pressure ROC in the compartment from 

(X10
5
, Pa) initial gas gauge pressure depending on various design of lacerated-type hole 

with: 

1 – Frel= 0,036; 2 – Frel= 0,0948; 3 – Frel= 0,486; 4 – linear model. 

 

For Frel = 0,036 relative area and initial gas moving starting  in the compartment 

Pgauge=0,536339 10
5
 Pa pressure the ROC increases from 

d

dP
-1616,9354810

4
 Pa/sec and 

achieves the 
d

dP
-3612,90323 10

4
 Pa/sec maximal value at Pgauge=1,12444 10

5
 Pa pressure. 

Further increasing of gas initial pressure in the compartment leads to decreasing of gas 
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pressure ROC in the compartment, and it equals to 
d

dP
-2908,3636 10

4
 Pa/sec at 

Pgauge=2,7632 10
5
 Pa pressure. The hole relative area increasing up to Frel=0,0948 decreases 

the gas pressure ROC in the compartment within whole range of the researched gas initial 

pressures in the compartment.  

Within Pgauge=(0,257385621…0,299798) 10
5
 Pa range of gas initial pressures in the 

compartment at the increasing of gas initial pressure the gas pressure ROC in the 

compartment decreases from 
d

dP
-1399,19355 10

4
 Pa/sec down to 

d

dP
–

952,263610
4
 Pa/sec. The next increasing of gas initial pressure in the compartment leads to 

the increasing of gas pressure ROC in the compartment, with 
d

dP
-3016,2727 10

4
 Pa/sec 

ROC maximal value reached at Pgauge=0,939127 10
5
 Pa pressure. Within 

Pgauge=(0,939127…2,1108) 10
5
 Pa initial pressure range the gas pressure ROC in the 

compartment decreases  and reaches the 
d

dP
-2052,41935 10

4
 Pa/sec ROC minimal value at 

Pgauge= 1,36457516 10
5
 Pa pressure. The maximal value of gas pressure ROC in the 

compartment is 
d

dP
-4738,796 10

4
 Pa/sec and it has been obtained for Frel = 0,486 relative 

area at Pgauge=1,83697 10
5
 Pa pressure. Also the gas pressure ROC increasing has been 

obtained within the critical and near-critical range of pressure ratio 

(Pgauge= (0,446343…1,1244) 10
5
 Pa) at the increasing of gas initial pressure in the 

compartment. Summarising a research results for gas outflow via the hole of various areas the 

pattern (behaviour) of gas pressure changing in the compartment could be established as time 

dependency from initial pressure. For Frel = (0,036…0,486) hole relative area range at the 

increasing of gas initial pressure in the compartment gas pressure the gas pressure rate of 

change (ROC) decreases; at that ROC decreasing could be described by linear model. 

The conducted researches results analysis demonstrated that  gas pressure ROC in the 

compartment is located inside the domain, which is limited by ROC minimal and maximal 

values. During sudden depressurisation of the compartment via lacerated-type hole with 

Frel = (0,036…0,486) relative are the gas pressure in the compartment is changing during 

τ =(0,00055…0,004399) sec time with the ROC changing within the range from 
d

dP
-

(952,2636…3016,2727) 10
4
 Pa/sec a Pgauge=(0,299798…2,7632) 10

5
 Pa pressure up to 


d

dP
-(1505,793…4738,796) 10

4
 Pa/sec at Pgauge=(0,446343…3,0573) 10

5
 Pa pressure.  

The analysis results comparing of gas pressure changing in the compartment at gas outflow 

via lacerated-type and round-type holes in the initial moment of compartment depressurisation 

demonstrated (see Fig.3 and 4) that with relatively close changing ranges of hole relative area 

for round-type hole the pressure ROC range exceeds at the limit of minimal ROC in a 

(25…16) times and at the limit of maximal ROC in a (1,7…1,1) times. The comparison of 

linear models of gas pressure ROC in the compartment for round-type and lacerated-type 

holes (see Fig.8, pos.4) demonstrated that at the increasing of gas initial pressure in the 

compartment for round-type hole also air pressure drops with higher ROC. For the compared 

holes an intersection of gas pressure ROC linear models is occurred in the point with  

Pgauge=0,5076 10
5
 Pa pressure. Therefore the gas pressure maximal ROC for lacerated-type 

hole is occurred at Pgauge<0.5076 10
5
 Pa pressure, and for round-type hole is occurred at 

Pgauge>0,5076 10
5
 Pa pressure. This conclusion is true if do not take into account the effect 

(impact) caused by hole relative area. Let’s collate the results of gas outflow from the 
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compartment via holes having relatively close values of hole relative area. For Frel = 0.036 the 

gas pressure ROC in the compartment via lacerated-type hole is more on –

(1602,449…3536,589) 10
4
 Pa/sec within  Pgauge=(0,536…2,763) 10

5
 Pa range of initial 

pressures in the compartment than the compared round-type hole. With increasing of hole 

relative area up to Frel = (0,486…0,407) for lacerated-type hole the gas pressure ROC in the 

compartment stills more on –(55,353…1919,673) 10
4
 Pa/sec within 

Pgauge=(0,484…2,325) 10
5
 Pa range of initial pressures in the compartment than the round-

type hole. The maximum relative drop of pressure in the compartment for lacerated-type hole 

has been obtained at near-critical range of gas pressure ratio. With decreasing of gas initial 

pressure in the compartment for round-type hole within Pgauge<0,484 10
5
 Pa pressure range 

the pressure ROC also increases and prevails at –627,31 10
4
 Pa/sec comparing with 

lacerated-type hole.  

It has been assumed initially that installation of lacerated-type hole (with ragged edges) at 

compartment outlet will lead to the generation of additional sources of gas pressure 

pulsations, and therefore it will lead to the increasing of hydraulic losses. In its turn it should 

lead to the decreasing of gas flow via such hole. However the conducted experimental 

researches disconfirmed this assumption. The obtained basic dependencies of moving gas 

from the compartment via round-type and lacerated-type holes demonstrated that output hole 

effects on the redistribution of air pressure pulsation spectrum, effects on the changing of gas 

pressure in the compartment, and consequently it impacts also on the air flow from the 

compartment. The redistribution of air pressure pulsation spectrum could lead either to the 

increasing of air flow from the compartment, or to its decreasing. It has been confirmed by 

changing of gas pressure ROC in the compartment. Basing on the conducted researches it has 

been established that the wide-band noise spectrum is generated during sudden 

depressurisation of the compartment via lacerated-type hole.  

 

Conclusions 

 

1. For the first time, the data processing method for air pressure pulsation spectrum at 

the compartment during sudden depressurisation was developed. The comparative analysis of 

numerical filters (Butterworth filter, Chebyshev filter and Bessel filter) application was made. 

The minimal dispersion value and robust estimations of air pressure measured pulsation were 

obtained using Bessel filter and Δf=(0…400) Hz passband. 

2.  For the first time, the comparing of SPL-spectrum for round-type and lacerated-type hole 

during sudden depressurisation was made. It was established that lacerated-type hole with 

Frel= (0,486…0,497) relative to round-type hole has 3 domain intersections of SPL-spectrum 

and maximal SPL. The first domain is open and limited by low values of air pressure at 

Pgauge>(1,43…1,24)10
5
 Pa within (10551…20000) Hz frequency range. The second domain 

is closed and limited by gas Pgauge>(0,7…1,24)10
5
 Pa initial pressures in the compartment 

within (1716…6151) Hz frequency range. The third domain is open within high frequency 

range (more than 20 kHz) and limited by two lines at Pgauge>(0,439…0,507)10
5
 Pa and 

Pgauge<(0,507…0,536)10
5
 Pa pressures within (13275…20000) Hz frequency range. 

3. For the first time it was defined that during sudden depressurisation of the compartment via 

lacerated-type hole the air stream outflows from the compartment and has wide-band noise 

spectrum. 
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Development of the innovative technologies 

in cosmonaut training in the interests of spaceflight safety 
 

Yu.V. Lonchakov  
 

“Gagarin R&T CTC”, 

Star City, Moscow region; 141160, Russia 

 
The paper discusses issues of the development and application of the innovative technologies in the 

Cosmonaut Training Center. Domestic manned cosmonautics has always taken advantages of the most 

advanced science-intensive technologies. The latest achievements in science and technology have 

invariably been used for the creation of manned spacecraft and orbital complexes. Similarly, the 

innovative technologies are used when creating hardware for cosmonaut training, such as: integrated 

simulation complexes, virtual computer-based simulators, and so on. The CTC works in close 

cooperation with more than 150 organizations, among them: enterprises and institutions of 

Roscosmos, RAS institutes, institutions of Ministry of Defence, and others. 

 

History of the Cosmonaut Training Center (hereinafter CTC) is inseparable linked with the 

nascency and development of domestic and world manned spaceflight. Activity of the CTC at 

all stages of its development is conditioned by the creation and introduction of innovative 

technologies both for the development of manned spaceflight itself and for the formation of 

national selection system, training, and post-flight rehabilitation of cosmonauts. At that, one 

of the top-priority tasks of the Center at all times is ensuring the safety of cosmonauts in 

flight. 

After launching the first artificial satellite October 4, 1957 it had become apparent that our 

country possessed all necessary scientific and technical prerequisites for a human space flight. 

Therefore, January 11, 1960 it was decided to establish a center for cosmonaut training, which 

wears the name of the first cosmonaut of the planet since 1968. 

The first manned space flight required huge and hard preparatory work. Personnel of the CTC 

took an active part in it. The initial, organizational phase of those works was the most 

difficult, because it was necessary to start from scratch. Early in March, 1960 the first group 

of cosmonaut candidates arrived at the central aerodrome by M.V. Frunze, and the first lesson 

within the framework of basic training was already conducted on the 14
th

 of March, 1960. The 

training of the first cosmonaut candidates consisted of training on various stands and practical 

lessons at the S.P. Korolev’s design bureau where space vehicles were created (fig. 1). 

April 12, 1961 Yuri Gagarin was launched into space aboard the Vostok spaceship for the first 

time in human history. 

Later there were many remarkable and exciting space events in which the CTC participated 

directly: the flight of the first female cosmonaut Valentina Tereshkova, the first spacewalk of   

Aleksey Leonov, the first docking of two spacecraft (V. Shatalov, B. Volynov, A. Eliseev, E. 

Khrunov), creation of the first in the world orbital station Salyut. The Cosmonaut Training 

Center played a major role in the preparation and implementation of these achievements (fig. 

2). 

During the period from 1971 till March, 2001 there were seven manned complexes in orbit. 

37 expeditions that passed training at the CTC worked aboard the domestic orbital complex 

Mir which operated in Earth orbit 5510 days that is more than 15 years. 

At the beginning of the new millennium the integration scientific-technical processes has led 

humanity to the realization of an impressive space project of assembling and joint exploitation 

of the International Space Station which represents a unique permanently inhabited orbital 
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complex. The ISS was created by combined efforts of International Partners, namely: Russia, 

USA, members of the ESA, Japan, and Canada. According to the ISS program till January, 

2015 the CTC provided the training of 42 main crews and 17 visiting expeditions for flight. 

Cosmonauts who passed training at the CTC have established many quantity and duration 

records of space missions and staying in the open space. For example, cosmonaut V. 

Polyakov performed the longest space flight – more than 437 days. 

 

 
Fig.1. First cosmonauts in the classroom 

 

 

 

Fig. 2. Training for flight on DOS “Salute” (Sevastyanov V.I., Klimuk P.I.) 

 

More than 140 exits into open space were performed from the board of Russian manned space 

vehicles. Cosmonauts spent about 1200 man-hours in open space what equals to 50 days. 

Cosmonaut A. Solovyov has accomplished 16 spacewalks and stayed in open space longer 

than other Russian (Soviet) cosmonauts – altogether 3 days 7 hours 2 minutes. 

In the course of 54-year activity, the Center trained about 400 cosmonauts, 118 of them have 

flown in space. 
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A unique system of cosmonaut selection, training, and post-flight rehabilitation is being 

developed and improved step by step. It allows training crews for the safe implementation of 

various tasks in orbit: to assemble large structures, monitor the Earth’s surface, carry out bio-

medical experiments and other tasks and experiments to solve different scientific and 

economic problems.  During its development, the Soviet/Russian system of cosmonaut 

selection, training, and post-flight rehabilitation has turned into the mature, well-established, 

and recognized throughout the world system having a high reputation not only in our country 

but also among foreign and international space agencies (fig. 3). Its distinguishing features: 

scientific validity, unique staff, advanced technical base, software and methodological 

support, and developed planning system what in aggregate provides a high quality training of 

cosmonauts and flight safety. 

 

 
 

Fig. 3. The sequence of stages of cosmonaut selection, training, and post-flight rehabilitation 

 

The system of cosmonaut selection and training interacts with all elements of space 

infrastructure at all stages of the life cycle of manned space programs: formulation; designing, 

examination, and testing of space technology; implementation of space missions and 

assessment of their results; creation of scientific and technical reserves on promising space 

projects, and etc. At the same time, the Center’s primary mission as a lead agency of the 

space-rocket industry remains the selection, professional training, and post-flight 

rehabilitation of cosmonauts. 

Along with the development of the cosmonaut training system, the Center’s status also 

changed. October 7, 1965 the Air Force’s Cosmonaut Training Center was renamed and got a 

new interdepartmental status as the First Cosmonaut Training Center.  In order to memorialize 

the cosmonaut number one, April 30, 1968 the Center was named after Yu.A. Gagarin, 

perished when performing test flight. In 1969 the Center was reformed into the 1
st
 Yu.A. 
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Gagarin Research&Test Cosmonaut Training Center having the status of the research institute 

of the first category. In 1995 the Center was given the status of Russian State Research&Test 

Cosmonaut Training Center named after Yu.A. Gagarin in order to improve the efficiency of 

the Russian Federation’s scientific and technical potential to carry out the Federal Space 

Program and to meet international commitments of Russia. From the time of its establishment 

till 2008 the Center was run by the Ministry of Defence. 

In 2008 on the orders of the Government of the Russian Federation № 1435-r dated October 

1, 2008 the Center received a new status – State Organization “Yu.A. Gagarin Research&Test 

Cosmonaut Training Center” (SO “Gagarin R&T CTC”). Currently, the GCTC is under the 

authority of Russian Space Agency. It has inherited from the previous structures the whole 

spectrum of primary functions and accumulated experience in the form of the existing system 

of cosmonaut selection and training. 

Also, the CTC has gained extensive experience in training the international crews for flight of 

different complexity and duration. More than 80 foreign cosmonauts and astronauts from 28 

countries have passed training at the Center and accomplished space missions jointly with 

Soviet and Russian cosmonauts. 

The principles, procedure, and methods of training non-professional cosmonauts for flight 

aboard Russian space vehicles have been substantiated and developed. The Center ensures 26-

week training of persons whose core business is far from space exploration, their safe staying 

in space for two weeks, and returning to Earth. 20 persons passed this type of training, 10 of 

them have performed space missions. Training of another two non-professional astronauts 

began in September, 2014. 

Over the past half-century the national system of cosmonaut selection and training ensured 

the successful implementation of numerous national and international space programs. 

Among national programs are: “Vostok”, “Voskhod”, “Soyuz”, lunar programs 7K-L1 and 

N1-L3, “Almaz”, “Buran”, “Salyut”, “Mir”; among international programs are: “Apollo-

Soyuz” Test Project, “Interkosmos”, “Evromir-95”, “Evromir-97”, “Mir-Shuttle”, “Mir-

NASA”, the ISS program. 

The CTC is directly involved in controlling space missions, ensuring the safety of manned 

space programs and safe staying of cosmonauts in orbit, carrying out research and 

development activity in the field of space exploration, and in the post-flight rehabilitation of 

cosmonauts. Efficiency of Russian cosmonaut training system has been proved by practice. At 

present, the Center has the scientifically grounded methodology of cosmonaut training for a 

space mission of any duration and complexity, largely unique simulator-laboratory base, 

skilled and highly qualified specialists. Well-developed collaboration with allied enterprises 

and wide experience of cooperation with foreign partners allow the Center to tackle assigned 

tasks effectively and to implement domestic and international programs of space exploration. 

There is a perfect medical base at the Center. It includes means of assessing: the health state, 

vestibular and postural training, training for withstanding acceleration impact and changed 

atmosphere composition, countermeasures against adverse spaceflight factors, physical 

fitness, and post-flight rehabilitation. An important scientific output of the Center’s activity is 

the development of the methodology to prepare a human organism for a long and safe staying 

under extreme spaceflight conditions. Active works are being carried out at the present time 

for purposes of deep space exploration. In this area the Center closely collaborates with the 

Institute of Biomedical Problems of RAS. 

A special feature of cosmonaut professional training is that cosmonauts acquire initial 

“cosmic” experience on Earth. It is impossible to train them in a real space flight as it do 

pilots and sailors who having passed basic training on the ground obtain professional 
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experience on a real airplane or a ship under the direction of proficient instructors. 

Cosmonauts have to obtain basic “cosmic” experience on the ground-based simulators that 

simulate the environment and conditions of space vehicles and stations. The success and 

safety of a space mission are largely determined by an adequate training on simulators. That’s 

why the Center pays great attention to cosmonaut training on simulators. 

Formerly, cosmonauts began to train for a space flight on the standard spaceships, now their 

training is performed on the integrated complex of technical facilities. The simulators in 

aggregate with research and modeling stands, flying laboratories, hardware for underwater 

works, a low pressure chamber, and an isolation chamber as well as many other technical 

means allow preparing a cosmonaut for each element of a space mission (fig. 4). Technical 

facilities for cosmonaut training are constantly upgraded considering enhancement of standard 

manned space vehicles (MSV), for example, the emergence of new modules, new scientific 

experiments, new tasks for EVA, implementation of a fast rendezvous scheme, etc. 

 

 
 

Fig. 4. Integrated simulator of TMV “Soyuz TMA” 

 

At present, the Center is carrying out extensive works on the creation of simulators 

considering modification of transport spacecraft Soyuz-MS and Progress-MS and on the 

upgrading the hydro lab and centrifuges (fig. 5). Furthermore, the Center is improving an 

engineering infrastructure and integrated security complex as well as is developing a concept 

of creating an integrated simulator complex with the extensive use of modern information 

technologies. 

In addition, there are flying laboratories for cosmonaut training. One of them is designed on 

the basis of IL-76 and serves for the creation of short-term weightlessness, carrying out 

biomedical research, and testing spacecraft equipment. The other is designed on the basis of 

TU-134M and is equipped with an instrumental complex for visual investigations. Also, it has 

appropriate navigation equipment and special windows to perform them. It can be used not 

only to train cosmonauts, but also to address ecological and nature resource problems as well 

as to monitor emergencies. Cosmonauts maintain their piloting skills on the training jets L-39. 

The Center’s base for flight training is being upgraded. The question of the acquisition of 

helicopters and aircraft of TU-204-type is under consideration. 

Among the unique facilities of the Center there is a planetarium to study the starry sky and to 

train cosmonauts in astronavigation and star tracking. The planetarium simulates starry sky 

(about 9000 stars) as it is seen from the cabin of the spacecraft considering the real location of 

celestial objects at any given time, orbital altitude, and orbital motion of a space vehicle. 
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Currently, the modern information technologies are being introduced and used to provide the 

processes of cosmonaut training at the Center, including computer-based inquiry and 

communication systems, virtual simulators and 3D models, multimedia complexes, data 

portals, etc. 

 

 
 

Fig. 5. Centrifuge TsF-18 
 

One of the important areas of the introduction of information technologies for cosmonaut 

training is the designing of computer-based instruction system or virtual simulators. 

They do not allow practicing the flight regimes in full, but are very effective during the initial 

theoretical training, self-training, training for separate operations (e.g. when carrying out 

space experiments), and prelaunch training. 

The following computer-based simulators are used for cosmonaut training: 

- Computer simulators using 3D models of MSVs, onboard systems, scientific 

instruments, which are based on geometrical modeling of objects and mathematical modeling 

of the state change and movement of background objects; 

- Semi-scale stationary or mobile computer simulators of MSVs (fig. 6). 

The CTC takes an active part in carrying out the program of scientific-applied research and 

experiments in space. The Center has the status of a participant in 120 experiments aboard the 

ISS. 

In 2012 the CTC participated in the development of project materials for a new generation 

manned spacecraft in respect of cosmonaut selection, training, and post-flight rehabilitation, 

including materials for crew’s pre-flight training program at space launching site Vostochny. 

At the present time, great attention is paid to designing inflatable, transformable, habitable 

modules and robotic systems. 

Since 2010, the Center takes part in a new kind of scientific activity that is the examination of 

design documents for new space technology. For almost four years the following products: 

“Progress MS”, “Soyuz  MS”, UM, NEM, OKA-T, PPTS have passed peer-reviewing with 

the issuance of opinions, comments, and suggestions. In order to substantiate the prospects of 

the use of anthropomorphic robots the theoretical and experimental studies involving 

cosmonauts were performed from 2011 till 2014. 
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Fig. 6. Computer mobile simulators of TMV “Soyuz TMA” 

 

In an effort to use the advantages of missions aboard the ISS in the interests of deep space 

exploration as effective as possible, in 2013 for the first time in scientific practice the CTC 

began investigations of operator abilities of cosmonauts immediately after their return to 

Earth after a six-month mission on the ISS  (within the framework of research “Sozvezdiye”). 

It should be noted that in addition to Roscosmos, the traditional customer of R&D, there are 

other customers – ministries, a number of private companies what allows on the one hand 

introducing space activity output into a country’s economy and on the other hand attracting 

private companies to solving problems of space industry. 

An important element ensuring the effectiveness of the Russian cosmonaut selection and 

training system is the Center’s personnel. It consists of: management and executive staff, 

scientific workers (currently, 57 candidates and 11 doctors of science work at the Center), 

instructor-teaching staff, technical-and-engineering staff, underwater instructors, medical 

staff, flying personnel, an airfield’s technical staff, experts in foreign economic activity, 

administrative-economic and production personnel. It is necessary to note that the existing 

education system in Russia does not prepare experts in cosmonaut training. Therefore, the 

responsibility for their in-service education and retraining is laid on the Center. 

The Center pays special attention to activity in the sphere of the educational technologies. 

According to the Government Regulation of the Russian Federation of 2011 (the year of the 

50
th

 anniversary of the first manned space flight) the first youth educational Space Center was 

established and successfully operates now. It is purposed for the professional orientation of 

young people in the space industry and the promotion of domestic achievements in space 

exploration. 

The most advanced innovative educational technologies used for teaching schoolchildren and 

students are implemented at the Space Center. Within the scope of scientific tourism 

approximately 33 thousand of people visit the Center annually. The CTC has concluded 

cooperation agreements with 11 universities and enterprises, including  Lomonosov Moscow 

State University, Moscow Aviation Institute, Moscow State Aviation Technological 

University, Scolcovo Foundation, Chamber of Commerce and Industry of the FR, and others. 

Since 2012, the Center carries out works on the state registration of intellectual activity 

results. Every year the Center gets several minor patents and patents for invention, registers 

databases and software products. Since 2011, the CTC issues the science journal “Manned 
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Space Flights”, which is registered in the relevant federal authorities and included in the 

system of the Russian citation index.  

Annually, the Center holds international and youth scientific conferences. Since 2009, the 

Center’s specialists have published more than 510 articles, papers, and other materials. 

The Center has an official site and a home portal. The modern information infrastructure has 

been designed and is successfully being developed. 

The future of Yu.A. Gagarin Cosmonaut Training Center is directly related to the 

development prospects of domestic and world manned space exploration which is one of the 

movers of the scientific and technological advance. Among the main nearest objectives of 

Russian manned space exploration program are: effective exploration of near Earth space, 

implementation of the Moon exploration program, development of key technology to prepare 

Martian mission and missions to other planets or to distant regions of the solar system. 

The primary tasks of the development of Russian manned space exploration for the nearest 

future (till 2020) are to conduct fundamental and applied research and experiments on the ISS 

Russian Segment and to develop an advanced transportation-logistics system using a new 

generation manned transport spacecraft. 

Human flights in Earth orbits helped us to get a true picture of the Earth’s surface, of many 

planets and ocean spaciousness. They gave a new vision of the globe as the fountain of life 

and an understanding that a human and nature represent an indissoluble unity. Cosmonautics 

provides a real opportunity to address the following important national-economic tasks: 

perfection of international communication systems, improvement of long-term weather 

forecasting, development of marine and air transport navigation. 

At the same time, cosmonautics has preserved a great potential. Analysts have concluded that 

space researches in the XXI century will have the greatest effect on the progress of mankind 

in comparison with other fields of knowledge. There is no other field of scientific knowledge 

which has such strong influence on our perception of the world. Each new step in space 

generates the largest number of new challenges. Only cosmonautics has capabilities to answer 

the question about the past and the future of the Universe and destinies of the humanity. 

Leading space powers consider that the future of manned space exploration is related to 

designing new transportation systems and orbital assembly complexes to implement 

promising space programs, including the lunar and Martian programs. Another major task of 

space industrialization in the period ahead is natural resources development of the Moon and 

cosmic bodies in the solar system. 

To ensure the implementation of promising space programs in accordance with the Federal 

Space Program of Russia it is required further development and perfection of the existing 

cosmonaut selection and training system and modernization of the Center's simulation 

facilities using  advanced information and computer technologies as well as further 

development of  Star City’s infrastructure. 

The following are the key factors of modernization and innovative development of the Center 

considering the requirements for the safety of space missions: 

- Anticipatory creation of the scientific and technical complex for cosmonaut training and 

of the necessary infrastructure to provide promising manned space exploration programs; 

- Focus on fulfillment of the unconditioned requirement that manned space exploration 

programs should be implemented only by qualified cosmonauts of various specialties; 

- Close integration with enterprises of space-rocket industry in the Russian Federation 

and with foreign space agencies; 

- Carrying out the necessary research and development works to ensure the current and 

promising manned space exploration programs; 
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- Training of highly qualified personnel at the CTC (instructor-teaching staff, scientists, 

medical experts, psychologists, etc.); 

- Orientation to tackling the following prospective objectives of manned missions: 

overcoming the adverse effects of long-duration space missions; ability to perform specific 

works on the surface of a planet; mitigating off-nominal situations in circumstances of the 

absence of help from Earth, and so on. 
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System project IGMASS formed in 2011 specifically showed that the degree of its Global is a driver 

for the formation of numerous research and innovation, which can also be worn in scale. 

Multidimensional nature of the problem was the creation IGMASS eksplikatorom different orientation 

problems whose solution has value not only in the framework of this project. 

This primarily issues related to its purpose: 

- methodology of short, medium and long-term reliable forecast dangerous development of natural and 

man-made processes; 

- Globe conducting and its applications - Globe Security. 

These two tasks are also planetary significance. Their research and innovation as regards the 

fundamental aspects (for example, the creation of the whole theory, the development of model-

theoretic descriptions of the processes of "life" of the planet, mathematical methods, etc.), and the 

establishment of a systematic means of data storage and display them for decision support. 

Create IGMASS as technical systems also require the permission of the complex methodological 

problems. Development system project will require the formation of a number of previously applied 

model descriptions. This is due to the dimension IGMASS, and the requirements for its technical 

characteristics. Their justification on the basis of previously used computational schemes becomes 

difficult, therefore need new mathematical models. 

Finally, it is to touch the economic aspects. IGMASS - is a nonprofit project. Nevertheless, its 

dimension, the global nature of the operation result in a high level of effort and the need to develop 

new approaches that would give economic justification of technical solutions. 

 

The project of the International Global Monitoring AeroSpace System for dangerous natural 

phenomena and industrial disasters, IGMASS (Russian: Международная аэрокосмическая 

система мониторинга опасных природных явлений и техногенных катастроф, МАКСМ) 

was initialized by a group of Russian scientists and engineers in 2007 at the International 

Conference “Modern space technologies in the interests of mankind’s prosperity” held in 

Dnepropetrovsk, Ukraine. 

The IGMASS conception and its main characteristics were introduced in a system project, 

developed in 2011. It is important for this article that the system project helps to concretize 

evidence of the fact that globality of the system suggested for developing makes it a driver for 

forming numerous research and innovative projects. Multi-aspect character of the purpose of 

creating IGMASS has made it an explicator of the problems of different direction and the 

solution of these problems is of great importance far beyond this project. 

The first direction of these projects will be those which are determined by the solution of the 

problems connected with the mission of the created space system. 

Achieving a principally new level (which was the purpose of initializing the IGMASS 

project) means a new level of certainty of the methodology for short-term, medium term and 

long-term prediction of dangerous development of natural and industrial processes. This 

statement of problem can be illustrated with the following situational scheme (see picture 1). 

The starting point is the first signs which gives the grounds for making a decision if there is a 

possibility of dangerous natural phenomenon, e.g., earthquake, disastrous flood, etc., and for 

estimating its possible consequences. We are interested in P – the probability of realizing the 
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prediction. It is what gives the grounds for making a decision on taking actions to prevent 

possible damage and losses. Now, as a digression, it should be noted that we deliberately omit 

the question of human losses which raises the problem of possible damage and losses to a 

higher level where estimates have not economic but moral character. 

So, on the grounds of the estimates of probability of the natural disaster and its consequences 

we make a decision on either to take actions to prevent possible damage and losses or not. 

Considering this probability, we should be aware that with the present level of knowledge 

about the causes of various natural disasters, a considerable part of these estimates should be 

referred to some kind of “insurance” against our lack of knowledge. 

The second path complies with all the measures that help to reduce damage/losses and to 

prevent possible problems in economic activities. In picture 1 preventive measures are 

estimated by expenses D. 

 
Picture 1. Situational scheme describing the use of monitoring data. 

 

In this scheme: 

Р – the estimate of probability that a natural disaster will happen; 

D – expenses for preventing the disaster’s consequences; 

S – the estimate of damage and losses caused by the natural disaster with no preventing 

measures; 

S
D
 – the estimate of damage and losses caused by the natural disaster with preventing 

measures; 

In the situational scheme there are two paths for making a decision: 

 preventive actions are not taken; 
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 preventive actions are taken. 

At further advance along the situational scheme we will see two variants of development of 

events (in this case they do not depend on the variants of preceding branching of the scheme: 

 prediction proves to be true and the predicted/forecast event takes place; 

 prediction proves to be false. 

Path “preventive actions are not taken” is estimated by value P×S. Path “preventive actions 

are taken” is estimated by value P×S
D
. at that we should keep in mind that the latter path is 

accompanied by expenses D. Let’s point out different character of these characteristics: P×S 

and P×S
D
 are estimates obtained according to prediction data. On their basis we have to make 

certain efforts and incur real expenses D. 

Now the problem of certainty of the natural disaster probability estimate have become clearer. 

Really incurred expenses D are compared to possible savings S-S
D
. We remember the 

successful preventive evacuation in the Chinese province of Liaoning in 1974. Three days 

after the evacuation a great earthquake broke out. In several areas of the province 90% of 

buildings were damaged. According to experts’ estimate, 3 million lives were saved. 

However, that precedent was unique and there have not been any similar occasions yet. Such 

major evacuation is similar to a natural disaster, though a man-made one. And it is not easy to 

dare to take such a step. Responding to every vague sign of disaster is obviously 

unreasonable, but it is also wrong to wait until complete certainty. The situation shown in 

picture 1 is still far from having certain grounds for taking a decision. This can be proven by a 

well-known precedent when some experts were convicted in relation to the L’Aquila 

earthquake in 2009. Thus, we cannot say yet that there are estimates which allow to ensure 

reliable support to governmental and local authorities for taking preventive decisions. 

The results of researches carried in different countries (thus, the Russian researches can be 

judged by monograph “Natural Dangers of Russia” under the editorship of V.I. Osipov and 

S.K. Shoygu) have not produced the desired estimate. This fact shows that the question is not 

only in developing mathematical models but in developing new methodical and conceptual-

theoretical approaches as well. 

One of ideas for developing such approaches can be integration of partial signs. This idea is 

based on the fact that dangerous display of a certain natural phenomenon is a result of 

converging of many possible coincidences (according to D.A. Pospelov’s classification [6]). 

Indeed, by no means we can always rely on a single sign or on some rather limited number of 

them. 

In order to realize this idea, we may have to create models for a certain region as in this case 

there will be the main presumption that partial signs are not universally fit and can play 

different parts in different places. 

Availability of such models brings up a problem of their continuous modification. And as its 

generalization there arises a problem of modifying the terrestrial globe. This global problem 

can be considered as an aim which makes IGMASS fundamentally different from other 

monitoring systems. 

The first globe was developed by the Stoic philosopher Crates of Mallus (Pergamon) in 150 

B.C. The Age of Discovery introduced the globe for geographers, travelers, sailors and, of 

course, for school and student audience. The idea of the globe as a model is combination of 

whole view of the planet with the view of a certain part of the planet’s surface. Displaying 

interaction of oceans, seas, continents, mountainous areas, river valleys, etc. 

The globe, created in those days, represented a sphere. On the surface of this sphere objects 

fixed on the surface of the planet were drawn with great accuracy. And with the use of 

colouring the globe they achieved the result that now is considered as 3D image. 
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Since the Age of Discovery our knowledge about the planet has greatly widened. First of all, 

due to “intrusion” into its internal structure, into the aggregate and correlation of processes 

running on the surface and in the depth. A separate task is the expression of characteristics 

allowing to decide on dangerous development of various natural and industrial processes. 

Perhaps, there will be a need to develop an application that can be called “the Safety Globe”. 
It should be noted that every step in this direction is a serious challenge. Even the 

development of modern understanding of the globe look requires multilateral discussion. And 

after that there will be problems related to unsolved problems of models for various spheres 

of the planet, etc. Explication of the idea of the globe modernization once more emphasizes 

the necessity of resolving conflicts between different theories and models. 

Considering the research potential of this direction we can see a number of fundamental 

aspects. It is the demand for creating a theory of the whole, for developing theoretical-

modelling description of the processes in the planet’s “life”, methods of mathematical 

modelling and many other solutions. At the same time the innovative potential is also 

showing itself. First of all, in the sphere of computer technologies. It is the development of 

methods for classified storage of update arrays of linked data, it is the creation of displaying 

methods allowing to realize the idea of the globe with the modern approach to its content. 

Certainly, the globe’s development explicates a set of researching and engineering tasks as 

well. 

The second direction of work explicated by the IGMASS project is the solution of problems 

directly related to the creation of an aerospace system. In its completed form it represents a 

global organizing and technical system. At present its look is developed at the level of system 

project. And from this document it is evident that the support of such a global system’s 

functioning requires developing a set of technical tasks related to the creation of system 

solutions. Exactly in this we can see the scientific-innovative potential of this direction of 

work directly related to the creation of an aerospace system. 

These problems can be divided into three basic groups. 

The first group is problems of controlling organization and support of controllability. A 

complicated and numerous satellite and aircraft constellation require new approaches to 

organizing its routine functioning. It is necessary to solve the problem of coordinated work of 

the constellation for performing monitoring tasks. For spacecraft it is necessary to solve the 

problem of autonomy, when a spacecraft realizes the planning of its own scheme of flight on 

the basis of the task/mission received from the ground control stations. 

The second group is problems of maintaining the operating condition of the constellation. 

This task is similar to the previous one. However, here the object of modelling is the 

determination of the set of means and facilities which assist IGMASS to perform its mission. 

The research object will be the estimate of the number of means and facilities which have to 

stay in some backup states (maintenance and scheduled works, in reserve, etc.) to ensure the 

operating condition of the constellation’s nominal set. 

The third group is the functioning of IGMASS as a global organizing and technical system. 

Here it is necessary to solve the questions of structural and functioning organization (“non-

human” scheme of function interaction), management structure and reflexive organization. It 

is the global character of IGMASS that makes us critically consider the schemes of corporate 

structure based on M. Weber’s bureaucracy theory [5]. 

Solution of these problems will require the development of scientific conceptions related to 

questions of organization and controlling. It should be noted here that despite a rather big 

number of works published in this sphere, the problems of organization and controlling large-

scale objects (and the IGMASS project can be referred to them) are not being studied. It 
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should be also noted that the studies in the sphere of system theory closely related to 

questions of organization of global projects are in the state of deep stagnation too [7]. 

A positive way-out can be found in A.A. Bogdanov’s works [3, 4], in the experience of 

organization and work of the Commission for studying natural productive forces of Russia 

[2], realization of the project for transporting the industrial enterprises to the east in 1941 and 

creation of Baikonur Cosmodrome. 

Solution of problems is directly related to the IGMASS project will require a number of 

project descriptions that have not been used before. The prototypes of such models are J.W. 

Forrester’s works made in the 1950s-1960s [8, 9]. It should be noted here that organizational 

ideas of A.A. Bogdanov [3] help to develop methodological works of J.W. Forrester. As such 

a step we can consider the creation of methodology for organizational and controlling 

modelling [1]. 

The third direction/line of research and innovative works is related to the second one. The 

global character of the project makes also think of methods of estimating economic 

characteristics. At that it is necessary to take into account that IGMASS is a non-commercial 

project. 

Non-commercial character of the project only means that there arises a methodical problem 

related to correlation of expenses, to development of characteristics of estimating the results 

of work. Expenses, which have to be divided into capital and maintenance expenses, must be 

correlated with the estimate of work of the aerospace monitoring system. Only this correlation 

can clarify the system’s structure and work rationality. However, the global character of 

IGMASS’s structure and functioning and non-commercial character of the project determine 

methodical problems of estimating expenses for IGMASS’s creation and functioning. 

Concluding the article, it should be noted that it gives the characteristic of the most important 

parts of the scientific-innovative potential of the IGMASS project. And even this allows to 

judge about the developments which can become the results of realization of the IGMASS 

project. Certainly, among them we should specify/emphasize/highlight the problems of 

creating a new globe and its application - “the Safety Globe”. However, at that, not such a 

spectacular task of developing methodology for short-term, medium term and long-term 

prediction of dangerous development of natural and industrial processes is not less important 

and not less urgent. At that it is necessary to note that solution of these problems requires the 

integration of knowledge and experience of specialists, which can provide the basis for the 

advance towards a new qualitative level of knowledge necessary for successful operation of 

IGMASS. 
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“The things that seemed unrealistic over centuries, the ambitious dreams of yesterday have 

turned into a realistic objective, and they will be put into life tomorrow. There are no limits 

for human thoughts!”, - S.P.Korolev ( 01. 01.1966 ). 
 

Introduction 
 

By 1974, Konstantin Tsiolkovskiy’s ideas concerning an interplanetary mission had 

developed in the Soviet Union into a real basis for the preparation of manned mission to 

Mars. Flight and development tests of H1 Mars rocket had been accomplished; all the 

corrections had been implemented; two rockets had been prepared to launch a lunar 

unmanned vehicle to the lunar surface for its tryout as a prototype of future Mars vehicle. 

Institute of Biomedical Problems had carried out annual on-ground tests of life-support 

systems on the basis of Heavy Interplanetary Spacecraft (known by the Russian acronym 

TMK). Manned mission experience had been obtained. In-orbit assembly of vehicles had been 

practiced. An extensive production and test basis had been created. Unique constructions for 

work with large-scale objects had been built at TsNIIP-5MO site. Stages of interplanetary 

mission had been practiced at space probes, including the stage of landing on a planet. USSR 

AS President M.V.Keldysh while estimating the readiness in 1969, offered to give up lunar 

program and perform a manned flight around Mars in 1975. 

But his idea was not welcomed. Korolev’s ex-deputies had their own plans. They torpedoed 

his program in 1969, and in 1974, together with V.P.Glushko, they acted as vandals 

destroying Soviet interplanetary program. The launch of two assembled rockets was 

prohibited, all the hardware and technical documents were completely destroyed. 

The very fact of existence of Korolev’s Mars mission had been concealed from society for 

decades. Even the Governmental Decree of 10 December 1959, which approved our 

interplanetary program, is still hidden. One of former colleagues in his memoirs vividly 

described how Korolev was losing lunar race to the Americans, but there was no such race. 

Mass media, especially foreign ones, were very glad to pick up this myth and are pressing it 

on us. Some stages of Russian Cosmonautics Program are discussed here [1-6]. 
 

Main part (chronology of works, computational cases, problems, outlook) 
 

The author managed to keep his notebooks that used to be top secret. They contain the 

author’s drafts of main designs of Lunar and Martian projects. Even a notebook with monthly 

plans of all the designers till 1966 survived. These materials allowed restoration of true 

picture of those times in the book “Martian project of S.P.Korolev” [2]. 

Both the emergence and destruction of Soviet interplanetary program were predoomed by 

specific chains of events, which were built from the one hand by Korolev and from the other – 

by his opponents. But in both cases they were approved by the state government. 
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The first important event happened on 14 July 1932. By the order of the Chair of Central 

Council of Osoaviahim, the Group for the Study of Reactive Motion (GIRD), formed at the 

initiative of Sergey Korolev, Friedrich Zander, Mikhail Tikhonravov and other enthusiasts of 

interplanetary missions, obtained a status of the first-in-the-country official organization for 

interplanetary missions and played a key role in providing leadership in space to our country. 

The cellar of building at triumphal arch Krasnye Vorota in Moscow, where GIRD was 

situated, became a cradle of Russian rocket engineering and astronautics. It was here where 

the very first practical steps of the development of future interplanetary rockets and vehicles 

were made. Here the practical development of vehicles with rocket engines began. Zander 

developed the first ever rocket engine, Korolev – the first rocket-powered aircraft, 

Tikhonravov – the first liquid-propellant rocket. 

Not in near-to-Moscow Podlipki NII-88 in 1946, like some authors claim, but here, in GIRD, 

Korolev started his triumphant way to space. Here he formed as a world-famous Chief 

Designer. Here Korolev together with his colleagues dreamed of an interplanetary mission. 

Here Korolev’s and Tikhonravov’s common career started, which predetermined many of our 

future successes. In 14 years Sergey Korolev became the Chief Designer of the first Soviet 

ballistic missiles, and Mikhail Tikhonravov developed the project of the first space vehicle 

VR-190 – Vostok prototype. In 25 years Korolev became the Head and Chief Designer of 

Design Bureau-1 (DB-1), and Tikhonravov became his Deputy and Head of Department 9 for 

design of space vehicles. Together with Vasiliy Mishin, other colleagues and with wide 

cooperation they launched the first satellite, Gagarin and everything that flew into space 

during the first space era decade. In DB-1 they started implementation of age-long dream of 

humanity – creation of H1 rocket and a heavy interplanetary spacecraft for the flight to Mars. 

Korolev was appointed Head of GIRD. He immediately estimated the scale of future 

interplanetary rockets and vehicles and realized that these were not gliders, which they used to 

build together with Tikhonravov, and that it was impossible to make them without 

governmental support. He involved the country leaders in his activities showing them the 

possible military purposes of the developed jet engineering items. It should be noted that 

success of Soviet space engineering in the first decade of space era resulted mainly from 

Korolev’s ability to get his ideas across to the government and their ability to hear and 

support Korolev’s initiative. Efficient interaction between Korolev and the head of state 

allowed clear definition of the strategy of the development of Soviet space engineering. 

On 31 October 1933, resulting from Korolev’s efforts and with Stalin’s approval, 

V.M.Molotov signed the Decree of the Council of Labor and Defense on the establishment of 

the first-in-the-world Jet Research Institute (JRI), in which projectiles, cruise missiles, rocket-

powered aircrafts, including famous Katyusha multiple rocket launchers, were produced. 

On 13 May 1946, Stalin made a landmark decision, which provided the national defense 

capacity. The decision was a perfect complex one in solving difficult national-scale scientific 

and engineering problem and a launching pad for onrush of Russian rocket engineering. This 

was preceded by Korolev’s proposals submitted to the government, in which he offered to 

unite the efforts of individual groups responsible for the study of rockets captured in 

Germany. 

Research Institute NII-88 was founded. Korolev was appointed Chief Designer of long-range 

ballistic missiles. The work resulted in the first missile systems on the basis of one-stage 

rockets, including R-5M rocket able to launch a 1.3-tonne nuclear warhead to the distance of 

12000 km. 

On 13 February 1953, Stalin signed a Decree, which approved Korolev’s proposals on the 

development of the next generation – two-stage ballistic and cruise missiles. Personal 
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responsibility for the development was imposed on Chief Designer Korolev and his deputy 

Mishin; and nineteen Ministers were to properly perform their dedicated tasks in their right 

time. 

The Decree foredoomed the development of R-7 rocket – famous “Semerka” – the first ever 

intercontinental ballistic missile able to deliver a nuclear warhead to any point of the Earth. A 

number of companies cooperated to create new missile systems on the basis of two-stage 

rockets. 

On 27 May 1954, Korolev addressed D.F.Ustinov with a proposal suggesting the 

development of an artificial Earth satellite. The note prepared by M.K.Tikhonravov stated: 

“An artificial Earth satellite is an inevitable stage of rocket engineering development. It will 

allow interplanetary communication”. This is how Korolev and Tikhonravov saw our future. 

R-7 modifications Sputnik, Vostok, Molniya, Voskhod and Soyuz opened the way to space 

for artificial Earth satellites, interplanetary stations and spacecrafts. Soyuz rocket has been so 

far the only reliable means to launch a manned spacecraft to the near-Earth orbit. 

Korolev, being a Head and Chief Designer of DB-1, which separated from the structure of 

NII-88, established Department 9 for design of spacecrafts and vehicles. He entrusted the 

management of the Department to his old companion, with whom he built gliders and worked 

in GIRD and JRI, his associate – Mikhail Klavdievich, having attained his transfer to DB-1 

from NII-4. 

Korolev and Tikhonravov, as followers of K.E.Tsiolkovskiy’s ideas, set their department a 

difficult but clear task to tackle the complex of problems associated with manned 

interplanetary mission, defined the required hardware components. After the first satellites 

had been launched, the possible development of rockets and spacecrafts for interplanetary 

purposes was considered. 

R-7 rocket with the third stage was able to launch a manned spacecraft into space, but 

Korolev considered the flight to near-Earth orbit an important but intermediate stage. He 

longed to get to interplanetary space. They had to give up nuclear engines. They needed 

another rocket. 

The clarity of aim, the performed preliminary works, the estimated possible powerful 

cooperation established when developing missile complexes, their own accumulated 

experience and the state head’s favor (it was now Khrushchev) enabled Korolev to vigorously 

tackle the implementation of ambitious goal of the whole humanity – manned mission to 

another planet (not to the Moon). These ambitious plans were stated by Korolev only 15 years 

after the Great Patriotic War, but their depth was confirmed by the Government Decrees. 

The Decree No.1388-61810 of the USSR Council of Ministers (USSR CM) dated 10 

December 1959 “On progress in space exploration” issued two years after the first satellite 

launch outlined initial steps and milestones of the space era, starting from the first manned 

space flight and ending with manned landing to planets. The Decree, in particular, ordained to 

create space rockets for missions to Mars and Venus, perform first manned space flights, 

develop space probes and manned space stations on other planets. 

In fact, the required basis for the first manned space flights, in near-Earth space, was formed 

by the Decrees issued in 1946 and 1953. The Decree dated 22 May 1959 additionally engaged 

123 organizations, including 36 plants, to the development of a spacecraft-satellite (future 

Vostok). 

To comply with the Decree of 1959 with regard to the development of manned interplanetary 

stations and station on other planets, i.e. to the manned missions to near-solar space, Korolev 

provided the basis for stronger foundation. Preliminary works showed that an interplanetary 
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rocket was to be by an order of magnitude more powerful than R-7 (R-7 launch mass was 280 

t, H1 – 2800 t). 

The Decree No.715-296 of USSR CM and Central Committee of the Communist Party of the 

Soviet Union dated 23 June 1960 “On the development of powerful launch vehicles, satellites, 

spacecrafts and space exploration in 1960-1967” ordained to start the development of a new 

space rocket system with a launch mass of 1000-2000 t, able to launch a heavy 60-80-tonne 

interplanetary spacecraft to the near-Earth orbit. The works were specified in Appendices, in 

particular, in Appendix 1 “Plan of design and experiments on the development of objects H 

(H1 Rocket – auth.)” and Appendix 3 “Plan of design and experiments on the development of 

heavy interplanetary spacecrafts”. 

According to the Decree, the department headed by Sergey Sergeevich Kryukov developed a 

project of four-stage H1-rocket. Three stages put into the near-Earth orbit a 75-tonne payload, 

including a 15-tonne heavy interplanetary spacecraft (HIS), and the fourth stage of H1 rocket 

orbited a 60-tonne hydrogen rocket module able to launch HIS to the interplanetary space. 

The department headed by Tikhonravov simultaneously designed two spacecrafts since 1959: 

Vostok spacecraft for the first manned space flight around the Earth and a heavy 

interplanetary spacecraft for the mission to Mars. At the same time, space probes and stations 

for near-Earth missions, missions to the Moon and Venus were developed. The latter were 

intended for the tryout of future mission to Mars and prepare manned missions to the near-

Earth and near-solar space. 

HIS was designed at G.Yu.Maksimov’s department. It was developed as a complex of means 

providing a three-year free flight in interplanetary space of a three-member crew. A single H1 

rocket was supposed to launch HIS with a liquid-propellant space tug. A cluster of HIS and 

space tug enabled to launch the spacecraft into interplanetary space and perform the first ever 

manned mission around the Sun without landing to Mars. Korolev’s primary goal was to 

break from terrestrial gravity. 

Our main attention was paid first of all to the search for optimal configuration of HIS. A long-

term zero-gravity period was a key determinant defining the look and structure. We tried to 

cope with it generating artificial gravity by rotation of vehicle around its center of mass. Crew 

quarters and frequently attended modules were located as far from the rotation center as 

possible. The distance of 10-12 meters seemed reasonable. Gromov Flight Research Institute 

developed an experimental setup with a chamber rotating on a 10-meter arm. Artificial gravity 

was abandoned later. 

The next important factor was the need for food, water and air supply for the crew. The 2-3-

year reserve for a three-member crew was unacceptably heavy. The mass could be reduced 

only owing to onboard reproduction of all the components. Special closed biological-and-

engineering complex (CBEC) supposed to provide cycle of substances consumed and 

excreted by the crew according to the ground scheme was developed. 

The basis for cycle of substances is photosynthesis, therefore a greenhouse intended for 

cultivation of certain plants was designed. The plants were to be arranged on compact racks, 

on hydroponics, while their roots were supposed to be put into capsules with solution fed to 

them. 

Concentrators of solar radiation (cylindrical at the initial design stage) located along the 

spacecraft body on two sides at a certain angle were used to illuminate the plants. When these 

concentrators were aligned towards the Sun, the reflected light (constricted by these 

concentrators) was introduced through slot-type windows located along the body into the 

spacecraft and further distributed among the consumers. CBEC included the facility for 
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cultivation of chlorella, a farm with rabbits and chickens, the latter was later rejected, and a 

waste disposal system with reagent stock. 

At the beginning of 1962, the spacecraft looked like a five-storey cylinder (Fig.1,2). Each 

storey had its own functional purpose. Habitation storey comprised three rooms for the crew, 

toilets, a shower room, a room for relaxation with a collection of microfilms, a kitchen and a 

dining room. Work storey included a cabin for the daily control of all HIS systems, work 

shop, medical room with exercise machines, a research laboratory and an inflatable airlock 

chamber. Biological module comprised racks with higher plants, light-distributing devices, 

facilities for solution feeding and chlorella cultivation, animal cells, storage containers for 

harvest, some accessories and equipment of CBEC. Equipment bay included the majority of 

instruments, devices and accessories of all HIS systems. It also acted as a fallout shelter. 

A reentry module was located at the outer side of HIS with its hatch docked to the hatch of 

HIS located in a special spherical recess. A vernier propulsion system was mounted on the 

reentry module bottom with propellant supply and a part of equipment. When the spherical 

recess with the equipment mounted on it was closed, radiation shielding of the crew was 

enhanced. The reentry module on artificial satellite orbit was able to maneuver and land in an 

autonomous way in case of emergency using its vernier engines. 

In the framework of Mars landing mission the launch mass of the mission complex at the 

near-Earth orbit increased more than by an order of magnitude. Such a heavy complex was to 

be assembled in orbit, and Korolev charged the designers with the development of in-orbit 

assembly of Vostok spacecrafts. At first, it was supposed to use electric propulsion system 

with a nuclear reactor to boost such mass from the near-Earth orbit to Mars. 

Nuclear reaction in such a propulsion system turns the fuel (oxidizer is not required here) into 

a high-temperature gas, which discharges from the nozzle with high velocity developing 

thrust. Electric propulsion achieves considerably less thrust if compared to liquid propellant 

engines. But owing to its operation over longer periods, it can gradually increase the 

spacecraft velocity, spinning the spacecraft up during several months in the near-Earth space, 

it can provide the spacecraft boosting to Mars. In the same way the transition to Mars satellite 

orbit (when launching the spacecraft from the latter to the Earth) and return to the initial near-

Earth orbit can be performed. 

Korolev charged B.A.Adamovich’s department with the development of mission using 

nuclear electric propulsion. At that time nobody knew for sure that during the long-lasting 

flight in the spacecraft, when the latter is spun up around the Earth crossing Van Allen 

radiation belt, the crew would get up to 50 lethal radiation doses. This project was developed 

till summer 1962. Finally, Adamovich concluded that electric propulsion was inexpedient for 

a manned mission to Mars, and such version of the mission was rejected by Korolev. 

But it should be noted that many developers considered electric propulsion’s high energy 

characteristics a redeeming feature if compared to liquid propellant engines. Specific impulse 

of electric propulsion (defines the amount of propellant required to boost an object up to some 

certain velocity) is considerably higher than the one of liquid propellant engines, hence the 

former requires less propellant. This inspired the dabblers, who did not bother their heads 

about dull weight calculations, to draw armadas of 100-tonne offroaders on Mars surface, and 

they supposed that the right way to get to Mars for these vehicles was using electric 

propulsion. Unfortunately, these illusions were taken as basis for bogus projects of the past 

and even the present century. 

Sergey Pavlovich signed a draft project of H1 launch vehicle, consisting of 29 volumes and 8 

appendices, in May 1962. It was supposed to be submitted to expert commission headed by 

the President of the USSR Academy of Sciences M.V.Keldysh in summer. At the beginning 
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of 1962, Korolev charged us with the preparation of “Plan of Mars and Venus exploration”, 

and the author was entrusted works on its prospectus (fig.2). When discussing its content with 

Tikhonravov, the author expressed his doubts concerning the acceptable terms of the 

development and application of electric propulsion. Mikhail Klavdievich shared this opinion 

and the latter was expressed in the prospectus upon his advice.  

The prospectus was submitted to Korolev for discussion. Having returned from Korolev, 

Mikhail Klavdievich showed me the note written by the Chief Designer. The note was of a 

matter of principle. Its text remained in my notebook. 

Its content: 
 

 “1. Moon and Venus – in the first place. 

2. Explore Venus only before the landing and don’t be too specific. 

3. Manned mission to other planets should be performed: 

   a) within the shortest terms; 

   b) with minimal expenses. 

                      This is provided by a minimal number of spacecrafts. 

4. Tasks of Moon and Mars exploration are different. 

5. The first task is to design a spacecraft for a large landing-and-return mission. 

6. It is possible: 

   a) on the basis of assembly, b) using electric propulsion, c) with CBEC. 

7. To provide mission safety, consider two cases: 

            a) launch after landing is impossible, 

   b) landing is impossible after approach. 

8. Flight around the planet is not required. 

9. The following difficulties should be duplicated: 

   a) electric propulsion is rejected, then consider liquid propellant engines; 

   b) CBEC is rejected, then consider stock. 

   c) assembly - … . 

Concerning c): 1. Flight around the planet may be required not according to the science 

and technology reasoning. 

                        2. Take the risk of landing on Mars, returning on another spacecraft 

(crew consists of minimal number of members, who will need to wait for another 

spacecraft). 

Thus: flight around the planet can be planned, but as a component of an assembly 

version!!! 

Components should be designed”. 
 

According to Korolev’s directions in the note, the analysis of possibility of the mission to 

Mars using liquid propellant engines in different mission profiles was to be made and an 

optimal profile was to be chosen. The calculations were performed using Tsiolkovskiy’s 

formula and a slide rule. The author had to calculate 17 profiles. Allowing for two different 

support orbits – 34 profiles, three magnitudes of specific thrust – 315, 350, 440 kilogram-

force s/kg and four values of reproduction indices in CBEC – from full reproduction to full 

stock – the author had to calculate 408 profiles. For all profiles and versions the initial weight 

characteristics before the launch on near-Earth orbit and at every mission stage were defined 

[1]. 

The calculations showed that the launch mass of the mission complex (with liquid propellant 

engines at all stages) in artificial Earth satellite orbit (AESO) lay within the range of 1200-

2000 t. The first step towards the reduction of the launch mass was the rejection of HIS 
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braking intended for the transition of HIS to AESO after its return from Mars. Approaching 

the Earth, a reentry module with the crew was to detach from HIS, enter the atmosphere with 

the escape velocity from the Earth and land. 

Discussing the parameters of the reentry into the Earth atmosphere, we paid our attention to 

the fact that the reentry module’s trajectory was not to leave quite a narrow corridor. 

Otherwise the module would be overheated and overloaded, or it would “scratch” the upper 

atmosphere and, having lost some velocity, fly away along an off-design trajectory. A 

question arose: is it possible to correct the corridor so that after the “scratch” the trajectory 

becomes as it was designed, not for the module landing, but for its transfer to the given 

satellite orbit. 

The concept of braking in the planet atmosphere was not the author’s, but Yu.V.Kondratyuk’s 

and F.A.Zander’s. The idea of braking in the atmosphere of Mars to decelerate the mission 

complex to the velocity sufficient for the transition to the orbit of an artificial satellite of Mars 

was quite tempting. The brake unit needed about 60% of the whole stock of propellant. 

Rejection of brake unit would reduce the launch mass of the complex more than twice. The 

preliminary calculations showed that it was possible [1]. Tikhonravov liked the idea and told 

Korolev about it. According to his directions, our specialists in aerodynamics and TsAGI 

specialists received tasks for further elaboration of this issue. The process was gaining 

traction. 

The scheme took the following form. After each atmospheric dip down to the altitude of 70-

100 km the complex is transferred to an elongated elliptical orbit for 100 seconds. Fine 

correction (with low expenditures) is performed in its apogee to provide the required depth of 

the next atmospheric dip. The apogee altitude of the subsequent elliptical orbits reduces, and 

approximately after the seventh dip the apogee altitude of the elliptical orbit equals the 

altitude of future circular orbit. A small boosting impulse is generated in its apogee, and the 

complex is transferred to the circular orbit without further dip. 

After Korolev’s approval of the aerodynamic braking, we gained a whole bunch of new 

problems. Moving in Mars atmosphere, the mission complex would suffer the loads and 

heating, whose allowable range was rather limited due to multiple external elements. 

Therefore the shape and strength of elements were to be calculated for these new conditions 

or protected from their impact. 

This required new layout schemes [1]. The design was limited to constructional alignment of 

many new contradictory requirements. First and foremost, attention was paid to the 

development of different variants of rigid screen able to protect the complex’s external 

elements from the velocity head and simultaneously provide the required braking when 

passing through Martian atmosphere. The protective screen was shaped into an umbrella with 

large diameter turned with its convex side to the oncoming stream and located at the frontal 

surface of the complex. 

However, this promoted instability of the complex, therefore there was an idea to shape it into 

a birdie to make it more stable. For this purpose, the landing module of considerable mass 

was placed outside the front surface of braking screen to provide an acceptable centering of 

the complex when moving in Martian atmosphere. It also provided unhampered detachment 

of the landing module when descending to the planet surface. At the same time, the redundant 

power components of braking screen were also detached, which enhanced the atmospheric 

braking during the descent.  

Solar concentrators were also designed in the shape of an umbrella with the diameter of 15-20 

m located around the greenhouse module. Its internal surface aligned towards the Sun had 

several sections. Each section was shaped into a part of paraboloid with its own focus located 
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at the shell of the greenhouse module, where a window was made for each section. It was 

supposed to make 12-24 sections with windows. Solar light fell on the sections, then it was 

reflected, concentrated and sent through the windows to the spacecraft interior, where it was 

distributed to the consumers using Fresnel lens and film reflector. 

The preferred location of the concentrator together with the greenhouse was at the end face of 

the complex with its concave side turned towards the Sun. But being the most open-work 

structure, it first of all required protection from velocity head, and therefore it was structurally 

united with the braking protection screen, the shape of which was geometrically combined 

with the shape of the concentrator and made closer to a paraboloid.  

To further improve centering, a booster, whose mass was also significant, was supposed to be 

mounted near to the landing module. However, this contradicted other considerations. The 

descent module with vernier engines was to be located on the opposite side of the complex, 

thus providing the possibility of emergency separation and crew safety. The booster with a 

considerable propellant stock assembled in a single unit with a descent module could 

significantly enhance the maneuverability characteristics of the descent module, e.g. provide 

the return (if required) of the crew to the Earth after the complex has been boosted from 

AESO to the trajectory of flight to Mars. 

This variant was also supported by the fact that location of the booster module near the 

landing module made it impossible to burn the booster to test it before the launch from AESO 

and to correct the trajectory of the mission to Mars. And if the booster was burned to launch 

the spacecraft from AMSO to the Earth, the crew would be turned upside down. 

The stated considerations are only a small part of the contradictory requirements, which had 

to be reconciled to choose the optimal layout of Mars complex. The former also include the 

location of solar arrays with the area of 85 m
2
, radiators and heat-regulation shutters with the 

area of 34 m
2
, antennas, provision of proper fields of view of optical sensors of attitude 

control system, provision of attitude control engines operation zone, relative position of 

habitation modules, selection of optimal diameter-length ratio of the complex, and many 

other. Coordinated solution of the stated problems allowed optimization of the mission 

complex as follows. 

The manned rocket-and-space complex for mission to Mars (MRSCMM) (Fig.3) consisted of 

two main parts. An interplanetary rocket system (IRS), comprising a three-stage launcher H1 

(Fig.4), service and launch complex and other on-ground equipment, provided the 

preparation, launch and insertion of 75-tonne units into a near-Earth assembly orbit. Manned 

space complex for mission to Mars (MSCMM) (Fig.5) with the mass of 400-500 t was 

intended for the mission of three-member crew to the red planet, landing of two astronauts on 

Mars, return of the crew to the Earth. Its components were to be delivered by H1 launcher and 

assembled in orbit. 

It was supposed to be assembled in orbit (Fig.6) using a spherical assembly unit with 6-8 

docking ports. Martian orbital complex (MOC) and Martian landing complex (MLC) were 

docked from one of its sides, and boosting rocket complex (BRC) consisting of central and 4-

6 side modules, which provided the launch of MSCMM from the assembly orbit and its 

insertion to the trajectory to Mars, was docked to another side. 

MOC included a heavy interplanetary spacecraft (HIS) and a boosting rocket unit (BRU) 

intended for boosting HIS from Mars satellite orbit to the trajectory of flight to the Earth. The 

module, in which three-member crew was settled during the flight to Mars and back, was 

made as a single structure and was regarded as HIS itself. It included an orbital module, 

vernier engines and 2.1 t reentry module, i.e. about 0.5% of the initial weight of the complex. 



 

S.P.Korolev’s Mars Project – promising aim of Russian astronautics 

 

133 

The landing complex comprised braking and landing hardware, landing rocket and Martian 

space vehicle with a two-stage launcher and a return capsule. 

In-orbit assembly of the complex was supposed to be performed by special teams of 

astronauts – skilled specialists of Design Bureau DB-1, principal plant and a cosmodrome. 

The teams were supposed to be delivered by Soyuz spacecrafts, accommodated in special 

habitation module and returned to the Earth. The crew arrived at HIS in advance and took 

personal control of all the spacecraft systems. Before the launch they took their seats in the 

descent module and were able to control all dynamic operations. 

The mission profile was supposed as follows. Boosting from AESO to Mars was performed 

by liquid propellant engines. In case of emergency at any stage of boosting from AESO to 

Mars, the crew in the descent module was able to separate from the complex together with the 

propulsion system and Martian boosting unit and return to the Earth. After transition from the 

near-Earth orbit to the trajectory of flight to Mars and separation of burned booster, the 

Martian complex moved in an autonomous mode keeping solar oriented attitude and 

communicating with the Earth. Transition to Mars satellite orbit was performed by means of 

aerodynamic braking in the atmosphere of Mars. 

At Mars satellite orbit, having performed all the required tests and preparations, two 

astronauts moved to the Martian spacecraft capsule. The landing complex separated from the 

orbital complex, deorbited, descended in the atmosphere, braked and landed. Having finished 

their mission of Mars surface, they took their seats in the return capsule, the capsule was 

launched, inserted into the initial orbit, docked with the orbital complex, and the astronauts 

returned to HIS. When starting towards the Earth, the crew took their places in the descend 

module, which, having approached the Earth, separated from HIS, performed the controlled 

descend in the atmosphere and landed. 

The described project with liquid propellant engines was submitted to the expert commission. 

Six posters were prepared for the presentation. They demonstrated the mission profiles, 

internal arrangement of HIS, overview of the interplanetary complex with aerodynamic 

braking capability. 

During the project elaboration weight reports on HIS and landing module were refined 

(Fig.7), comparative estimation of variants with braking unit and aerodynamic braking was 

performed, which confirmed the advantages of the latter (Fig.8). Getting prepared for the 

commission, Korolev considered electric propulsion to be used for the mission, but rejected it, 

since it compared poorly with mass characteristics of liquid propellant engines with 

aerodynamic braking. 

“Plan for Mars and Venus exploration” was presented in a large table. It showed four stages 

of the exploration: first mission of unmanned space vehicles to planets, their application for 

exploration of planets, manned missions around the planets with remote sensing performed 

from the orbit, missions to planets. Tasks for each stage were split into years, means for 

solutions were defined, vehicles, drafts, layouts of the vehicles, mission profiles and time of 

the missions were outlined, types of launchers and engines for insertion to interplanetary 

trajectory, launch mass in near-Earth orbit and weight characteristics at mission stages were 

indicated. In addition to the “Plan…” a table was composed, in which problems of supposed 

interplanetary mission were considered and the means and ways to solve them were 

demonstrated. 

The summary of works was given in a brief report: “Analysis of possibility of the mission to 

Mars using liquid propellant engines” (identification number P-583). For convenient 

comparison, the results of calculations of different mission profiles were summarized in a 

table. The latter showed weight characteristics of the interplanetary complex at all stages of 
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flight allowing for the accepted variations. The draft tables from the notebook are shown in 

[1]. The report concluded: 
 

1. Initial weight of the interplanetary complex in AESO for different mission profiles 

lies within the range of 1200-2000 t. 

2. Optimal profile – with delivery of the whole complex to artificial Mars satellite orbit 

(AMSO) and with landing of a minimal mass reentry vehicle. 

3. The crew should return to the Earth in a descend module, not entering AESO, with 

the escape velocity from the Earth. 

4. The most optimal variant – with aerodynamics braking to enter AMSO; it will allow 

twofold or even threefold reduction of launch mass in AESO. 

5. The main conclusion: heavy interplanetary vehicle (the main element of the 

mission complex regardless of the mission profile) should be developed and tested on the 

Earth and in AESO as a heavy orbital station (HOS). 
 

Quite a representative expert commission gathered in DB-1 to consider the project of H1 

rocket (the basis for mission to Mars) in June 1962. Korolev made his speech in a calm and 

level voice. He emphasized that he presented only a draft design of H1 rocket, meanwhile the 

projects of other program components required thorough development. Martian purposes of 

H1 launcher were not emphasized, the latter was represented as a multi-purpose rocket 

having, among others, defense tasks. Briefly touching upon the mission Mars, he only 

mentioned that the latter is considered with the use of liquid propellant engines. 

The author got the impression that Sergey Pavlovich did not wish to arouse much interest to 

the mission to Mars and obviously succeeded. The author believes that the overall impression 

was that beautiful presentation of Mars mission was not substantiated. Even a number of 

Korolev’s deputies, who did not participate in our works, appeared to perceive this task as 

quite a remote one. All research and calculations were performed in a security-enhanced way. 

Our work was not announced and discussed in smoking rooms, it was not considered at 

meetings, otherwise it was not taken seriously by those, who did not participate in it directly. 

It should be once again noted that the reason for such privacy lay not only in the enhanced 

security. Korolev feared unfair criticism in the government from his main opponents – 

V.P.Glushko, V.N.Chelomey and M.K.Yangel. At that time the situation in the higher 

authorities was very complicated – a fierce “war” for a heavy carrier and hence leadership in 

promising space programs was provoked by N.S.Khrushchev. Unnecessary flaunting could 

cause negative reaction of the opponents and later Khrushchev. 

Real Korolev’s intentions were better expressed by his famous notes on HIS and HOS than by 

the author’s drafts. His notes strike by the extent of his perspective on the interplanetary 

mission together with the thorough insight into their essence. And these notes were made only 

two months after the commission meeting, which made many participants (e.g. B.E.Chertok) 

think that the main goal was the Moon and hence the lunar race. 

Finally, in summer 1962, all proposals submitted by Korolev to the expert commission, were 

approved. It should be emphasized that only an outlook was approved, but not the projects in 

certain fields. In particular, the works on lunar mission performed by our designers two days 

before the meeting were not included into the submitted and approved materials. Although 

Mars project was not particularly highlighted in Korolev’s report, it was included into the 

draft project of H1 rocket, in Appendix 1, and was approved by the head of interdepartmental 

commission – President of USSR AS M.V.Keldysh. Until today this has been the only official 

project of the mission to Mars developed according to the governmental decrees and approved 

by an expert commission appointed by the government. 
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The decision of commission headed by Keldysh was set forth in the governmental decree 

issued on 24 September 1962, which listed the specifications of H1 rocket. This enabled to 

start the production of H1 rocket and the construction of Baikonur cosmodrome buildings. 

Upon the initiative of Korolev, the Institute for Medical and Biological Problems (IMBP) was 

established in 1963. The institute was responsible for the development of life-support systems 

for long interplanetary missions. 

Thus, the works on the mission to Mars performed at Tikhonravov’s department in 1960-1964 

fully confirmed the correctness of Korolev’s decision made in July 1962 to use liquid 

propellant engines instead of electric propulsion. Electric propulsion was associated with a 

number of problems, some of them have not been solved yet. And allowing for the 

aerodynamic braking, liquid propellant engines provided advantages in mass characteristics. 

Thorough developments of structure of Mars mission complex and its weight characteristics 

were finished in summer 1964. Initial data were prepared including the data for the 

development of HIS mockup for on-ground tryout in IMBP and data for the development of 

heavy orbital station (HOS) to tryout HIS on the near-Earth orbit. On the whole, all the 

required materials for the involvement of wide cooperation with related organizations in the 

framework of the project were prepared. 

The Decree of 3 August 1964 defined the lunar project as priority. This Khrushchev’s decree, 

lobbied by Korolev’s rivals, charged V.N.Chelomey (in the first place) with the task to fly 

around the Moon in 1967 (before the Americans), which (in case he succeeded) made him a 

new leader in astronautics (and Khrushchev’s son worked in his team). Korolev was charged 

with the manned landing on the Moon. At the same time, the Martian project was not rejected, 

so he combined them into one program. 

It should be noted that the Americans started their lunar program in 1961, and our first drafts 

of lunar spacecraft Sergey Pavlovich saw in October 1964, the latter were prepared by the 

author. Thus, the proverbial lunar race is an absurd fable, though not the journalists’ one but 

one of Korolev’s ex-companion’s. 

After Korolev’s death in 1966, his first deputy (since 1946) Vasiliy Pavlovich Mishin 

continued his work. Flight tests of H1 rocket started in 1969. Four launches confirmed its 

high flight efficiency, though the launches ended with accidents due to the fact that the 

engines were not tried out well enough after they had been improved for the lunar program. 

All the corrections to the rocket were made and the required reliability was provided by 1974. 

All the specialists agreed that the fifth launch was to be successful. The tests of life support 

systems were conducted in the Institute for Medical and Biological Problems on the mockup 

of a heavy interplanetary vehicle in the conditions simulating an interplanetary mission and 

with the participation of test engineers. 

The result was the following: the Decree of 1959, so far as the development of the basis for 

the interplanetary mission was concerned, was in fact half finished by 1974. And all the 

participants were eager to succeed. Keldysh, who offered to reject the Moon landing and 

focus the efforts on Mars project in 1969, believed that we were able to perform a manned 

flight around Mars in 1975. And as we know, Mstislav Vsevolodovich was able to calculate 

very well. 

However, at the end of 1969, the experts of DB-1 specializing in control systems took the 

advantage of confusion in the government after the US Moon landing and H1 launch accident. 

They were afire with enthusiasm for the development of the first ever permanent space 

station. The idea was elementary. It was supposed to dock Soyuz spacecraft (these spacecrafts 

had already docked with each other) with Almaz station (taking it from Chelomey) equipped 

with the mating parts of another Soyuz. 
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These specialists aimed at hogging the blanket left from Korolev. Behind Mishin’s back, they 

submitted their idea to the Secretary of the Central Committee of the Communist Party 

Dmitriy Ustinov. Moreover, they deceived him promising to create the station in a year and 

without detriment to the main works. Mishin and Chelomey argued: DB-1 developed 100-

tonne multipurpose orbital complex (MOC), DB-52 developed the military station Almaz. 

Ustinov was seduced by the promised rapid success and made Mishin deal with the stations. 

This was the reason for a long-lasting conflict. 

When the idea failed, the specialists, to pass the buck, made a false denunciation, in which 

they laid the blame for their mistakes on Mishin and proposed to dismiss him. They were 

supported by Valentin Glushko, who could not put up with the fact that H1 was not equipped 

with his engines. Glushko took up Mishin’s position and prohibited the launches of two H1 

rockets equipped with new reliable N.D.Kuznetsov’s engines. All the hardware, groundwork 

for rockets and lunar spacecrafts, on-ground hardware and all technical documents on the 

Soviet interplanetary program were completely destroyed. 

Those who initiated the change of direction made everything to conceal the Soviet 

interplanetary program from the public. The information about the efforts of hundreds of 

thousands of toilers who participated in Mars project were suppressed and later revealed in 

mass media by ex-companions as Korolev’s vain attempts to overtake the Americans in the 

lunar race, which indeed had never existed. 

The book “Manned Mission to Mars” edited by Academician Koroteev claims that Korolev 

did not work on the mission to Mars in 1959-1966, and Chertok in his memoirs “Lunar Race” 

states that Korolev was at that time losing the lunar race to Wernher von Braun having 

adopted wrong design parameters of H1 rocket. The respected Academicians are not confused 

by the ridiculousness of their fables. It follows from their words that Korolev, who had been 

dreaming of interplanetary missions from his youth and devoted all his life to them, pressed 

for two governmental decrees which charged him with the expedition to Mars, but 

immediately gave up this idea and chased the Americans to the Moon like a boy. 
 

Conclusions  
 

Half a century passed after Korolev’s Mars project was approved. There is no other 

alternative today. The future of Russian astronautics is rather obscure. There are five options. 

First. Terminate manned flights, substantiating it with the fact that we have been carrying our 

foreign friends to the orbit for 40 years already. High expenditures and no benefit. 

Second. Keep on working as taxi drivers and plumbers in the American space hotel with 

inevitable dismissal in prospect. 

Third. Fly to Mars using electric propulsion. All such projects have problems with weight. 

Thus, the book “Manned Mission to Mars” issued by Tsiolkovskiy Russian Academy of 

Astronautics describes recent Russian project of the mission to Mars. It summarizes weight 

characteristics in a table. The mass of the complex at AESO is 366 t, and a caption below 

states “without landing”. There are no other figures. But the mission without landing is just a 

mere flight around Mars. I remind that the President of the Academy of Sciences Keldysh 

proposed to reject the manned lunar landing and perform a flight around Mars using two H1 

spacecrafts in 1975. Two H1 spacecrafts equal to 190 t, but not 366 t. The project with 

electric propulsion has twice the mass of liquid propellant project. However, somebody has 

persuaded President Medvedev to allocate 17 billion rub. to the development of electric 

propulsion. I do not claim that we do not need the latter, but “… the manned missions do not 

require plasma propulsion engine – all the tasks can be solved using chemicals”, - said 

Glushko in 1987 after long deliberation. 
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Fourth. Create a lunar base. Two books have made an attempt to substantiate their 

expediency: “Astronautics of the 21
st
 Century” [4] and “MOON – step towards Solar System 

Exploration” [3]. The books were edited by Academicians Boris Chertok and Viktor 

Legostaev. They initiated the development of orbital stations in 1969, and now they are 

promoting the lunar bases, since ISS is in the evening of its life.  

The initial position of Academician B.E.Chertok’s forecast for 2101: “We do not need the 

mission to Mars. Instead of Mars, the World Space Agency will set to save the Earth, human 

civilization, from the disastrous global warming using solar sails mounted on spacecrafts 

loitering around a libration point between the Earth and the Sun. Till the end of the 21
st
 

century, spacecrafts will be built on a powerful industrial base on the Moon using lunar 

resources. This will allow control of the Earth climate from space in the 22
nd

 century”. As a 

matter of fact this is the initial point. However, Chertok having the sense of humor wrote that 

this unlikely forecast was based not on science but on political fantastic fiction. 

Nevertheless, this political fantastic fiction obtained an engineering basis in the second book. 

The specialists imagine a solar sail spacecraft intended for controlling the climate and saving 

the humanity from the deadly solar rays in the 22
nd

 century as a special curtain with a mass of 

56 million tonnes (!!!) and a diameter of 1800 km. To solve the world power engineering 

problems it is supposed to transmit the energy from space to the Earth using solar power 

plants and 5000 of 100-tonne relay satellites with the diameter of 1 km and the total mass of 

160 million tonnes (!!!) located in libration points and stationary orbit. They will be delivered 

there by 42 electric propulsion tug spacecrafts over the period of 30 years. 

It is very expensive to launch these 216 million tonnes to space from the Earth (400 Proton-

type rockets should be launched daily till the end of the century). 216 million tonnes will 

weigh 33 million tonnes on the Moon, thus the specialists decided to launch them from the 

Moon producing them on a lunar base using local resources. And a large industrial city with 

blast furnaces, rolling mills, plants, enterprises, Baikonur launch site are supposed to be 

cultivated on the Moon from seedlings. As the specialists have no weight report for this city 

and a number of Protons launched per day to deliver the city to the Moon, the venture of lunar 

base can not be considered as a project. 

Finally, the fifth. Fly to Mars using liquid propellant engines. It is an obvious fact that 

Korolev’s Mars project has no other alternative. But why the respected specialists have been 

persistently ignoring this fact for decades. I believe this to be the main reason for degradation 

of Russian Astronautics. I mean the main reason is falsification of its history. People, who 

destroyed Korolev’s Mars and Moon projects in 1974, made everything to conceal them from 

the public. Korolev was deprived of the main component of his scientific legacy – 

interplanetary project, and he was turned into a loser who had lost the nonexistent lunar race 

to the Americans. Mishin was foully slandered. Glushko even stroke his name off the 

encyclopedia of astronautics, which listed thousands of names. Tikhonravov is simply 

forgotten and not recalled. 

Of course, I do not mean the monuments which have not been erected or have been erected 

for nothing. The specialists, who changed the goals of astronautics in 1974, did this to take 

the place of Korolev, Mishin. Tikhonravov. They succeeded. Through the decades of work 

they gathered teams of associates. Any attempts to return to Korolev’s Mars project mean a 

deadly threat to them. We inevitably need to ask them a question: “Why did you destroy all 

this to return to this issue after 40 years”, and some patriarchs of astronautics may turn into 

criminals, who wrecked the flight of Soviet people to Mars making our country lose the 

leadership in astronautics. 
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These people have not developed a single space system for decades, but they keep on arguing 

that they were right to destroy Korolev’s project of Mars mission. Although Korolev, 

Tikhonravov, Mishin and Keldysh not only considered the latter to be real, they even half 

implemented it. 

An objective reason should be added. The designers who nested around Permanent Orbital 

Station and ISS have been drawing the modules of orbital stations for 40 years, and it is rather 

difficult for them to develop something for real. This is how Martian electric propulsion 

monsters with 40-football-pitch solar arrays, 1800-km solar curtains for solar ray protection, 

electric propulsion tugs sometimes appear, anything but Korolev’s Mars project destroyed by 

them. 

The situation will not change by itself. It can not be changed by peaceful means. I have tried 

in vain. It should be changed by strong-arm tactics, like the one used to destroy our 

interplanetary program. But today’s captains of astronautics, in case they are ready to turn the 

wheel, should realize themselves which way and direction to choose. This is an important 

moment of selection of goal. And the public will not help with it – there is a well-trained and 

concerned majority who will shout in unison: let there be a lunar base! As a matter of fact 

they have said this in “Strategy…” 

Instead of this, the four captains need to gather somewhere in Zavidovo and discuss without 

ruffle or excitement: how can astronautics gladden our people, like the Victory in 1945, 

satellite launch, Gagarin’s flight. Maybe we should land on the Moon and demonstrate the 

insignificance of Russia, which has been seeking to repeat the lunar success of the USA for 

50 years, or maybe we should develop an electric propulsion tug for delivery of industrial 

stuff to the Moon by 2030. Or maybe we indeed should cover ourselves from solar rays with a 

1800-km curtain, as the patriarch of astronautics suggests. The Siberians will be especially 

happy with it when it is minus forty degrees Celsius outside. 

After such considerations one should check the altitude against a compass. And the latter is 

verified by Tsiolkovskiy, Zander, Korolev, Tikhonravov, Mishin, Keldysh and two 

governmental Decrees. And it points directly to Mars. Mars is an ultimate goal in space, 

which can be really achieved by human civilization. The manned missions outside the 

Martian orbit is fiction. The country which succeeds in this mission is going to be considered 

a great space power forever. Lunar landing will be forgotten. The pride and happiness of the 

people of this country are going to be second to none. Those who will have personally 

implemented this project will enter the list of names next to Tsiolkovskiy and Korolev. 

To make our astronautics survive, it is necessary – to adopt the short-term goal of Russian 

astronautics – to perform the first ever manned one-year-long flight around the Sun, in an 

interplanetary space along a heliocentric orbit on HIS put into libration point. 

To provide this, we need to assemble only 80 tonnes in orbit, and this is absolutely possible at 

present. After Gagarin’s flight this is going to be the second main step on the way towards 

Mars, the way paved by Tsiolkovskiy, Zander, Korolev, Tikhonravov, Mishin, Keldysh and 

thousands of their faithful associates, who have not betrayed the interplanetary idea and have 

never asked a philistine question: “What will we gain from the flight to Mars?”. 
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Appendix (Figures) 

 

 

 

 

 
 

Fig. 1. Heavy interplanetary vehicle. One of the initial versions of 1962. 
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Fig.2. 
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Fig.3. Structural scheme of manned rocket-and-space system for the mission to Mars. 
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Fig.4. Heavy rocket N1 intended for putting manned spaceships into the interplanetary space 

– in the integration and test building of TsNII-5 MR site 

 

 

 



 

S.P.Korolev’s Mars Project – promising aim of Russian astronautics 

 

143 

 
 

Fig.5. Mars manned space system (project of 1962; launch from AESO to Mars) 

 

 

 
 

Fig.6. Integral parts of Mars manned complex 
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  Fig. 7. 

 

 
Fig. 8.  
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On October 25th, 2014 90 years have past since birthday of academician Victor Petrovich 

Makeyev, an outstanding scientist and a master public figure, an originator of domestic school 

of submarine-launched missile building, General Designer of the Navy strategic complexes 

with the Submarine-Launched Ballistic Missiles. 

He started his labour way in 1939 as a drawer at an aviation plant. In war time, in 1942, being 

evacuated, he entered a distant branch of Kazan Aviation Institute. Upon leaving Moscow 

Aviation Institute in 1947 he was commanded to the famous OKB-1 led by S.P. Korolev. This 

acquaintance and further joint work with Sergey Pavlovich decided the fate of the young 

engineer. Korolev appraised Makeyev's creative and organizational abilities and in 1952 

appointed him a leading engineer of a new missile developed by OKB-1, and in 1955 

recommended Victor Petrovich for Chief Designer of a newly established specialized design 

bureau SKB-385 (later on Design Bureau of Machine Building) in the Urals, which soon was 

entrusted with the development of an important and independent field in the rocketry - 

Submarine-Launched Ballistic Missiles (SLBMs). All succeeding years he guided activities of 
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the Design Bureau devoting his talent of an engineer, scientist, organizer to creating and 

forming of the new field of the domestic missile building. Since that time the Design Bureau 

of Machine Building has become a Russian leading research-and-design institution. 

More than 30-year activity of V.P. Makeyev as the General Designer of the Design Bureau of 

Machine Building, a head of cooperation of enterprises resulted in three generations of 

strategic complexes of submarine-launched missiles as good as the foreign complexes for 

basic parameters. The generations are featured by the following. 

The first generation. Demonstration and start of deployment of strategic (nuclear) marine 

weaponry of an intercontinental range. The first demonstration - launch of the R-11FM 

SLBM in September 1955 from a submarine of the V611 project - was given practically at the 

time of the appearance of an intercontinental bomber in the USSR (1955 as estimated by the 

USA) and earlier than the first launch of the R-7 Intercontinental Ballistic Missile (IBM) in 

1957. Both missiles were designed at OKB-1 headed by Chief Designer S.P. Korolev. SLBMs 

of the first generation R-11F, R-13 and R-21 (the two last under development of the SKB-385 

Chief Designer V.P. Makeyev) were placed aboard 28 diesel submarines of the AV611, 629, 

629B projects under development of Chief Designer N.N. Isanin and 8 nuclear submarines of 

project 658 under development of Chief Designer S.N. Kovalev built in 1957-1962 (totally 

103 SLBMs). 

The second generation. Met the SLBM strategical challenges and formed the marine 

component of the country's Strategic Nuclear Forces (SNFs). The small-size missiles R-27 

(middle firing range) and R-29 (intercontinental range) developed at SKB-385 (Design 

Bureau of Machine Building) under development of Chief Designer V.P. Makeyev were 

placed aboard 56 nuclear submarines of projects 667A, 667AU, 667B and 667BD under 

development of Chief Designer S.N. Kovalev built in 1967-1977 (totally 824 SLBMs). 

The third generation. The SLBM combat properties achieved nuclear-missile parity with the 

United States, the country's marine SNFs were fully completed with partial implementation of 

the solid-propelled SLBMs. The intercontinental SLBMs with multiple Reentry Vehicles 

(RVs) R-29R, R-39 (solid-propelled) and R-29RM developed in V.P.Makeyev's Design 

Bureau of Machine Building were placed aboard 27 nuclear submarines of projects 667BDR, 

941 and 667BDRM  under development of Chief Designer S.N. Kovalev (Leningrad Design 

and Installation Bureau «Rubin») built in 1978-1990. 

Totally 8 SLBM basic configurations and their 16 modifications were made. Moreover, the R-

31 solid-propelled SLBM  (Chief Designer P.A. Tyurin, CDB "Arsenal") and self-guided R-

27K to hit surface targets (Chief Designer V.P. Makeyev) were developed, each of which 

were in operation testing aboard one retrofitted submarine. 

Not dwelling on SLBMs of the first generation, we would only mention that in their design 

the bureau managed to find pioneer decisions to principal problems of ballistic 

missile/submarine interaction (firing from a mobile swinging base, underwater launching) as 

well as to establish a cooperation of industrial marine rocketeers and missile shipbuilders, to 

start building the required Navy infrastructure. At the same time the underwater marine 

started being nuclear and nuclear-missile. At this very period of selfless and to some degree 

romantic development of the Russian rocketry each development became token and 

foreground, when the foundation of the Russian rocket-and-space industry was laid down, the 

foundation of distinctive and original submarine-launched missile building, that played an 

important role in establishing of the effective marine component of the Russian strategic 

nuclear forces, was created. 

The second generation marked not only the formation of the Russian submarine-launched 

missile building but the accomplishment of some qualitative priority results. Let's list basic 
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technical decisions and results that became the backbone of our submarine-launched missile 

building: 

- one and two-stage small-size missiles with all-welded strong bodies of dense arrangement, 

which engines were submerged in the fuel and oxidizer tanks; 

-  implementation of priority intercontinental firing range in the submarine-launched missile 

and stellar monitoring in the missile flight; 

-  factory-made fueling and ampulization of tanks by welding; operation with fueled missiles 

in fleets; 

-  making of a small-size launcher (10-15% of the missile take-off mass) with rubber-metal 

shock absorbers with placement of some launcher elements aboard the missile; 

- automated operation, pre-launch preparation and salvo firing of the largely increased units of 

fire aboard the submarine; 

- priority launching from the near-pole Arctic latitudes, all-weather readiness to launching, 

above- and under-water launching of the missile, a cassette (three-unit) multiple warhead with 

military loads of the low power class. 

The listed results became achievable due to a combination of science-and-technical decisions 

and organizational achievements of many-thousand staff of designers and researchers headed 

by A.M. Isayev, N.A. Semikhatov, Ye.I. Zababakhin, Ya.A. Khetagurov, V.N. Solovyev 

under the leadership of Design Bureau of Machine Building (now AO "Makeyev GRTs") led 

by V.P. Makeyev in collaboration with LPMB "Rubin", branch-wise and Navy institutions.  

A joint revolutionary decision on submergence of cruise engines in the missile fuel tanks 

reached by design bureaus of engine and missile development made an exceptionally major 

contribution to formation of the submarine-launched missile building, advancing of the 

Russian submarine-launched missiles. By early 60s it was a pioneer decision never 

implemented in the world's rocketry practice. Such a nontraditional step could be taken only 

by the outstanding engineers like A.M. Isayev and V.P. Makeyev. And this very decision 

permitted to reach the required combat characteristics in the second generation, the needed 

small size of the missiles, and be ahead of the foreign analogues in the intercontinental firing 

range, thus, to compensate peculiarities of our military and geographical situation. 

The required and considerable leap was taken in the Onboard Control Systems (BCS) - 

computational hardware, gyrostabilized platforms and stellar monitoring in the missile flight 

were implemented by N.A. Semikhatov and V.P. Makeyev in collaboration with Chief 

Designers of gyrostabilized platforms V.I Kuznetsov, N.A. Pilyugin and shipborne 

computational systems Ya.A. Khetagurov. The warhead deviations from the target points 

would be several tens of kilometers without stellar monitoring (manager of work on a star 

sight was V.A. Khrustalev, SKB-1, CDB "Geofisika") with the existing errors in the 

submarine navigation support system. 

The cardinal improvements in maintenance of missiles in the Navy owing to elimination of 

facilities for storage of fuel components and missile fueling from the Navy bases, operations 

of higher hazard from the missile passage schemes resulted in the increased missile masses 

for transportation and loading/unloading operations. Chief Designer V.P. Solovyev in 

collaboration with V.P. Makeyev and the Navy Research Institute of Armory headed by Vice-

Admiral N.I. Boravenkov developed and implemented the passage schemes of heavier 

missiles from manufacturing plants to submarines with due regards to testing and standard 

operations in storage, the Navy bases and ranges. The available ground equipment complexes 

and loading means allowed the twelve-month loading of the missiles into a submarine in 

complicated weather, wind and wave conditions of bases in the North and Pacific fleets. 

The warheads significantly contributed in the advanced SLBMs of the second generation. The 

key direction of the warhead advancement - radical reduction in mass and size of the more 
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powerful single warheads - was implemented in the body structures (V.P. Makeyev), 

explosives (VNIIEF, principal investigator Yu.B. Khariton), special ammunition (VNIITF, 

principal investigator Ye.I. Zababakhin). The first sample of a warhead of the low power class 

(V.P. Makeyev, Ye.I. Zababakhin) used in three-unit cassette multiple RVs was developed. 

The last of the mentioned formed the original technical groundwork for high-speed multiple 

warheads of small and middle power classes of missiles of the third generation. 

The problems of the SLBM maintenance and operation played an extremely important role in 

attainment of the new level of combat characteristics. A largely increased number of units of 

fire aboard a submarine, reduced time for the pre-launch preparation, various mission options 

within the planetary reach, salvo firing at short time intervals, pressing safety issues - all these 

with no doubt required to fully automate processes of operation, planning and issuing of 

missions with account for the firing range and areas of combat patrolling. The automation 

task was settled in the developed functional formations: a missile launch system; a system for 

routine, pre-launch and after-launch operations; a combination of systems to control missile 

armaments; a shipborne combat launch complex. One of the key activities of V.P. Makeyev 

and his team was management of the interaction of the missile systems and complex, 

cooperation of their designers, rational distribution of the tasks to be performed among 

systems of the functional formation, display of new components and system forming 

problems, ground qualification of the functional formations and their components. 

V.P.Makeyev took upon himself finding out solutions for general and several separate issues 

(a launcher, control equipment for shipborne service systems, a telemetry system, etc.). The 

settlement of others was under responsibility of leading designers of control system (N.A. 

Semikhatov), submarine systems (S.N. Kovalev), shipborne computational systems (Ya.A. 

Khetagurov). The issues and tasks were regularly discussed in councils of Chief Designers 

which style and manner of holding V.P. Makeyev borrowed from his teacher S.P. Korolev. 

The outcome of the work management was the achieved high combat and operational 

characteristics of strategic marine weaponry confirmed by many years of operation of the 

SLBMs of the second generation - R-27(RSM-25) and R-29 (RSM-40). 

Development of the third generation native SLBMs has completed the quantitative formation 

of marine SNFs. The SLBMs were featured by multiple warheads with intercontinental firing 

range (while the American analogs had the «mirror» singularity - their SLBM with a multiple 

warhead had the intercontinental firing range). As the result, the SLBM combat properties 

achieved nuclear-missile parity with the foreign ones. 

For the third generation the  solid-propelled R-39 SLBM with the following features was first 

designed, put into service and deployed: multiple RV with 10 warheads of the low power 

class with intercontinental range and higher firing accuracy, units of fire aboard the submarine 

were increased up to 20. The missile was equipped with a newly designed complete original 

launcher separated in the initial portion of flight. The developed solid-propelled R-39 (RSM-

52) SLBM was backed up by the development of the liquid-fueled R-29R (RSM-50) SLBM at 

the earliest possible date. It became a radical modification of the R-29 (RSM-40) missile of 

the second generation and set a priority to the native intercontinental SLBM with multiple 

RVs (three types of RVs with 1, 3 and 7 warheads). The most efficient R-29RM (RSM-54) 

SLBM  - multiple RV with 10 and 4 warheads - was developed in full scale. Since 1986 the 

R-39UTTKh (RSM-52) SLBM had been under the full scale development. The missile was 

supposed to be equipped with an 8-warhead multiple RV (of middle power class) similar to 

the most efficient foreign analog Trident-2. The development was brought to a stop at the 

stage of flight qualification tests in 1997 (at 73% readiness) and ceased in 1999. 

The liquid-fueled SLBMs of the third generation were featured by adaptive and module 

properties, modernization reserves built into the missile, missile systems and systems of the 
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missile complex; variance of RVs in the number of warheads, variance of warheads of one 

power class, variance in the equipped penetration aids, variance in the flight trajectory types, 

variance in work modes of the control system, advanced firing accuracy for each mode, 

variance of missions for a missile and a salvo (units of fire) of missiles, different options for 

deployment of warheads to individual points of aiming within an area of arbitrary shape of 

variable power supply, variance in combat formation of a salvo of missiles in the active 

portion of flight and warheads in the passive portion of flight and also when reaching a target, 

etc. 

The adaptive and module properties were partially implemented in five configurations of the 

RSM-50, two configurations of the RSM-52 and five configurations of RSM-54 put into 

service. Other variances were used in planning, correcting and replacement of missions, when 

preparing for launch and in flight (the last is made in accordance with features of a mission or 

algorithms embodied in the BCS). All missile configurations in any combination were 

accommodated aboard a missile-carrier. 

New design ideas, preparation of a leading technology, technical retooling of production 

facilities, implementation of principally new lay-out, design and material science solutions in 

development, production and testing of the missile complexes for the Navy became feasible 

due to a branched cooperation of research institutes, design bureaus, manufacturing plants, 

test ranges that was formed under supervision of V.P. Makeyev. 

V.P. Makeyev was a recognized leader among heads of a vast cooperation of designers of the 

complex systems. With his natural intuition and a strain to fall the whole burden to himself, 

Victor Petrovich encouraged widespread teams in settlement of complicated science and 

technical tasks for creation of submarine-launched strategic missile complexes by personal 

example. The  domestic school of submarine-launched missile building which leader and head 

became V.P. Makeyev achieved the world priority in several combat characteristics and lay-

out decisions on missiles, control and launch systems and ensured setup and supervision of 

serial production and operation of strategic complexes of the submarine-launched missiles in 

fleets. 

General Designer, academician V.P.Makeyev has performed great services for unique 

formation of the Russian defense industry - the State Rocket Centre - that now bears his 

name. One can estimate it both by the scale of the assigned and fulfilled tasks, the level of the 

technical developments and realization of the bold projects.  

All done by Victor Petrovich Makeyev is marked as an era in formation and development of 

domestic submarine-launched missile building. One should have the talent of a scientist, 

inventor, engineer, organizer to develop such a field and put it in service as chief in SNFs for 

the country's defense. Victor Petrovich Makeyev possessed the talent in full and gave it to his 

activities.  

Nowadays, when developing the promising strategical missile complexes and upgrading the 

existing ones, AO "Makeyev GRTs" have been settling a number of new tasks to more 

efficiently use the missile complexes and maintain the strategical parity of Russia; performing 

the fundamental R&D under the State program of weaponry for the strategical missile troops 

and the Navy. 

Since 1999 the staff of AO "Makeyev GRTs " have been developing the missile complexes 

with advanced combat armory (the STANTSIA  and STANTSIA-2). Within several years the 

combat armory was replaced by the new one made by the Urals cooperation of designers at 

GRTs and VNIITF; the missile assemblies, aggregates of the ground complex, submarine 
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systems were upgraded. The D-9RMU1 with the R-29RMU1 STANTSIA missile was put 

into the Navy service in 2002. In 2003 the STANTSIA R&D got the State Prize on science 

and technology. The new combat armory, the missile and its complex, was considered to 

excel the best foreign analogs in engineering performance. 

Under the framework of the STANTSIA-2 R&D pursuing the objective to prolong the R-

29RKU-01 operation time the missile was re-equipped with warheads of higher efficiency and 

safety with minimum modifications in the missile and complex systems (upon modernization 

– the R-29RKU-02 STANTSIA-2). The main result of the performed STANTSIA-2 R&D, 

validated by the flight tests and prolongation of the missile operation times under the Pakt 

R&D, lied in the increased operation time of the North-East of the submarine alignments of 

the 667BDR project up to 2015–2017. The D-9RKU-02 complex with the R-29RKU-02 

STANTSIA-2 missile was put into the Navy service in December 2006. 

In 2007 the D-9RMU2 complex with the SINEVA R-29RMU2 missile was commissioned to 

the Navy. The R-29RMU2 missile carries warheads of the middle power class and penetration 

aids, the BCS equipment is based upon the new Russian hardware components, the BCS 

instruments, elements and algorithms of the R-39UTTKh and R-29RMU missiles are united. 

The SINEVA R-29RMU2 missile has the highest power-and-mass perfection among domestic 

and foreign sea- and ground-based strategic missiles and a number of new qualities - enlarged 

circular and arbitrary areas for deployment of warheads, flat trajectories for all firing ranges in 

astro-inertial and astro-radio-inertial (if corrected with the GLONASS satellite system) modes 

of the BCS operation.  The SINEVA missile potential and high payload capabilities were 

demonstrated when hitting a firing site in a firing range of no more than 11.5 thou km in the 

Pacific Ocean waters in 2008.  

In 2014  a sea-launched missile complex (D-9RMU2.1) with the LAINER missile (R-

29RMU2.1) went into service. Due to adaptive and module structure of the SINEVA missile 

an R&D to complete the missile with  the second combat complete set - ten warheads of the 

low power class - became feasible. The missile was designated the R-29RMU2.1 index and 

called the LAINER. The LAINER missiles can be equipped with 10 warheads of the low 

power class and penetration aids or 8 warheads of the same power class with advanced 

penetration aids or 4 warheads of the middle class with penetration aids. Moreover, the 

LAINER missiles can carry a mixed complete set of warheads of different power class. In 

2014 the D-9RMU2.1 submarine-launched missile complex with the LAINER R-29RMU2.1 

went into service with the Russian Navy. 

The SINEVA and LAINER missiles excel all modern solid-propelled strategic missiles of the 

United Kindom, China, Russia, the USA, and France in the power-and-mass perfection and is 

not inferior to the American TRIDENT-2 four-warhead missile (under the SNF-3 terms) in 

combat equipment. At present the SINEVA and LAINER missiles ensure the availability of 

marine SNFs of various complete sets of combat equipment and penetration aids in Russia up 

to 2025-2030. 

As stated in Decree of the RF Government "On State defense order for 2010 and the planning 

period 2012-2013" AO "Makeyev GRTs" started the development of a strategical ground silo-

launched missile complex (SARMAT R&D). The promising strategical missile complex is 

being created to properly and effectively perform tasks of deterrence with the Russian 

strategical nuclear forces up to 2050-2060.  

The new tasks to form the SNFs structure reconfirm high scientific and technical potential of 

the enterprise, its authority as the largest research-and-design center of Russia for 

development of the space rocketry. 
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To 70th Anniversary of V.P. Glushko, S.P.Korolev Department: 

the first-in-the-country Rocket Engines Department 
 

A.F. Dregalin,  G.A. Glebov 

 

Kazan National Research Technical University named after A.N. Tupolev - KAI 

K.Marx, 10, Kazan, 420111, Russia 

 

In 1932 there was an event that defined course of life for many people and laid the foundation 

of major scientific discoveries and achievements - Kazan Aviation Institute was established 

on the basis of Aerodynamic Department of Kazan University. It was made on initiative of 

Academician N. G. Chetaev, mechanician and mathematician, Founder of well-known 

scientific Kazan School of mechanics and stability.  The main aim of KAI was the training of 

qualified engineers, with deep mechanics-mathematics base, for aviation. Once the Institute 

got advance, the research interests began to expand due to the work in the rocketry at 

supersonic and hypersonic speeds, allows realizing flights beyond the Earth and its 

atmosphere, into space. 

Start rocket-space researches in Kazan, and then in KAI, was done during the World War II, 

when Sergei Korolev and Valentin Glushko were here. At the factory no. 16 (nowadays it is 

Kazan Motor Production Association (KMPO)) the Department no. 28 of People's 

Commissariat of Internal Affairs was organized, where founders of the national rocketry and 

astronautics worked after arrest in 1940. The Department consisted of two design bureaus. 

One of them led by Boris Stechkin engaged in the creation of jet engines and in another 

Valentin Glushko was a head of development of liquid-propellant rocket engine with thrust 

from three hundred to twelve hundred kilogram. 

After Boris Stechkin release in 1943 and his departure to Moscow, Design Bureau headed by 

Valentin Glushko remained in the Department, where pilot production of nitrogen acid liquid 

rocket engines RD-1 and RD1-X3 was created for installation on different types of aircraft. 

At the end of World War II it became obviously that rocketry would be the basis of the 

country military potential in the coming years. The question of staff training for the rocket 

industry demanded the immediate solutions. Favorable conditions for training evolved in 

Kazan: Kazan Aviation Institute and prominent specialists in rocket engines worked 

successfully here, the pilot production of engines at the factory no. 16 was established. 

Perceiving the rocketry importance and potential V.P. Glushko together with Director of KAI 

G.V. Kamenkov and Dean of the 2nd Faculty S.V. Rumyantsev made a proposal to establish 

the Rocket Engines Department. 

By the Order of the People's Commissariat of Aviation Industry of May 1, 1945 the country's 

first Rocket Engines Department was organized in KAI. Head of the Department V.P. 

Glushko, Professor G.S. Zhiritsky, Senior Lecturers S.P. Korolev, D.D. Sevruk, G.N. 

List, and their colleagues were invited as teachers from Experimental Design Bureau of 

special engines. 

I.I. Ivanov, later the Chief Engineer, Hero of Socialist Labor, laureate of Lenin and State 

Prizes of the USSR, M.K. Maksutova, later Dean of the Motors Faculty, Doctor of Science 

were among the first graduates of the new department in June 1946. 

After Valentin Glushko and Sergei Korolev had left Kazan, who later led independent design 

organizations, the Rocket Engines Department of KAI existed until 1949. Then it became part 

of the joint Department of Aircraft Engines Theory, led by S.V. Rumyantsev. In 1965, on the 

initiative of Professor V.E. Alemasov it recreated as an independent unit (Department Of 
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Special Engines — Department no. 22) for engineers training in rocket engines. V.E. 

Alemasov headed the Department for almost a quarter of century. In 1987 he headed the 

Presidium of Kazan Branch of the Academy of Sciences of the USSR (now it is Kazan 

Scientific Center of Russian Academy of Science) and Professor A.F. Dregalin became a 

Head of the Department of Special Engines. 

Since its establishment, the Department staff has prepared more than 2,000 engineers, more 

than 130 Candidates and 26 Doctors of Science. Many graduates of Department were awarded 

of high state awards and titles, became professors, academicians. Teachers of Department, in 

cooperation with other organizations staff also, have written numerous textbooks and 

workbooks. The textbook ”Theory of Rocket Engines” received the greatest fame and 

recognition. The first edition of the future textbook was published in 1962, its author was 

V.E. Alemasov. The following editions of the textbook were prepared by authors team: V.E. 

Alemasov, A.F. Dregalin, A.P. Tishin;  Academician V.P. Glushko was editor of the third and 

the fourth edition of this textbook. The fourth edition of the textbook was awarded of the 

State Prize of the USSR in 1991, and was translated in China in 1993. 

Many years General Designers: Lenin Prize winner P.F. Zubets and Laureate of the State 

Prize of the USSR N.Kh. Fakhrutdinov taught the subject “Solid-propellant rocket engine 

(RDTT)” in the Department as part-time lecturers. 

KAI graduates, and in particular the Department of Rocket Engines graduates, were in great 

demand in rocketry industry. 

They were sent to various cities to work in the aerospace enterprises of the USSR: 

Krasnoyarsk, Omsk, Ekaterinburg, Zlatoust, Miass, Nizhnyaya Salda, Votkinsk, Perm’, 

Gorkii Kazan, Dnepropetrovsk, Voronezh, Moscow (Research Institute of Precision 

Instruments (NIITP), DB “Energomash”, S.P. Korolev Rocket and Space Corporation 

“Energia”), Zagorsk (Research Institute of Chemical Engineering, NIIChimMash) and to 

other cities. 

Thus, in 1959, General Designer of “State Design Bureau ”Yuzhnoe” M.K. Yangel’ asked by 

the Ministry to distribute and to hire to an engineer positions all 26 students from KAI, who 

came to pre-diploma practical work in his organization. In 1966 B.I. Gubanov, Deputy 

General Designer of SDB “Yuzhnoe” (KAI graduate of 1953), who then was developing 

missile system R-36M (Voevoda–Satan), visited KAI and by his request 15 KAI graduates 

was sent to SDB “Yuzhnoe” (Dnepropetrovsk). Totally, since 1953 to 1966 more than 150 

KAI graduates, who obtain specialization in rocket engines and missiles, were sent to work in 

SDB “Yuzhnoe”. 

You can estimate the engineering education quality of KAI graduates of those years by the 

letter of Chief Designer and Director General of SDB “Yuzhnoe” S.N. Konyukhov on the 

70th anniversary of the KAI establisment: 

“Over 40 years I worked with KAI alumni, members of the pioneering developers rocket and 

space technology in SDB “Yuzhnoe”, talented professionals, who have made a great 

contribution to the development of military and space rocket technology by their selfless 

work, including scientists, Winners of Lenin and State Prizes, Honored Engineers, Heroes of 

Socialist Labor: I.I. Ivanov, B.I .Gubanov, A.V. Klimov, I.G. Pisarev, V.Ya. Soloviev, L.V. 

Andreev, G.A. Kozhevnikov, V.A. Antonov, L.M. Nazarov, Yu. P. Prosviryakov, G.M. 

Galimov, Y.B. Ivanov, V.I. Baranov, Yu.V. Silkin, L.M. Shamatulskii. 

Noted in a letter Deputy Chief Designer I.I. Ivanov, Chief Designer of KB-4 A.V. Klimov, 

Deputy Chief Designer of KB-2  I.G. Pisarev are graduates of the Rocket Engines 

Department. The historical lifecycle of four generations of combat missile technology and 

three generations of space rockets (“Zenith”, etc.) that has not equal in the world in their 
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energy performance, are connected with these people. Americans still fear missiles SS-18 

“Satan”, which has not an appropriate missile defense system. 

The educational process successfully combined with scientific work in the Department. 

Research organization in the Department associated with the formation under of V.E. 

Alemasov leadership in 1957 a new research direction for the calculation and the analysis of 

processes in engines, based on widespread use of computer technology. In the “arms race” 

between USSR and USA, which is called the “Cold War” and in space exploration the time 

was one of the main factors. Inceptive electronic computers have become the new tool, which 

allowed making revolution in scientific research, including thermodynamics and rocket 

engines. 

Now you can create rigorous mathematical models quite accurately descripting the physical 

processes in a rocket engine. Calculations of thermodynamic processes in rocket engines for 

liquid, solid and hybrid fuels of different chemical composition are made on the basis of 

universal software now. Besides, time for solutions obtaining reduced significantly. All this 

has allowed achieve the new levels of design work and predictive assessments quality in 

enterprises developing rocket engines and the Department (and later research laboratory) for 

over twenty years kept a monopoly position in the calculation of process parameters and 

combustion products properties in rocket engines and other heat power plants. The lead author 

in solving many of these problems and challenges is Kazan Aviation Institute is graduate of 

1958 A.P. Tishin. 

Official acceptance of success in this research direction development was the creation in 1963 

in KAI of branch Thermodynamic and Thermophysics Research Laboratory under V.E. 

Alemasov supervision. The main research customer was the Research Institute of Thermal 

Processes (formerly — Rocket Research Institute, then NII-1, NIITP, nowadays — Keldysh 

Research Centre). 

A new stage in creation of calculation methods for high-temperature processes parameters and 

combustion products properties in rocket engines and power plants, of software for analysis 

and obtain of reference data for various types of liquid propellants was the issue of ten-

volume reference book “Thermodynamic and Thermo physic Properties of Combustion 

Products”. 

For calculation of process parameters and combustion products properties one requires some 

initial data in the form of definite constants and temperature functions related to the 

components of the initial substances and individual combustion products (consisting of multi-

component mixtures of gases, liquids and solids produced during combustion). This data is 

contained in the voluminous references of USSR Academy of Sciences “Thermal Constants 

of Substances” and “Thermodynamic Properties of Individual Substances”, work on which 

drawing was executed under the supervision of Academician V.P. Glushko since 1952. 

Reference book “Thermodynamic and Thermo physic Properties of Combustion Products” 

was intended to finalize the complex problem of creating a system of mutually and 

organically bound references, forming a united system. It provided the research, design and 

construction organizations and academic institutions with the data needed for reasoning of the 

rocket and space technology prospects, research high-temperature processes and selection of 

the most efficient parameters. 

Presidium of the USSR in August 1968 made the decision of the third reference book 

preparation. The editorial board supervised the work, which leading scientists in the field of 

rocket engine were invited in. Academician V.P. Glushko — the founder of domestic rocket 

engine development headed and carried out scientific editing on it. V.E. Alemasov as the 

leading author of the reference book have been assigned as deputy science editor, he 

coordinated work of all project participants. Authoritative in the Soviet Union and modern 
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Russia researchers and design firms were among them: Central Research Engineering 

Institute, Research Institute of Thermal Processes, Design Bureau of Power Engineering, 

Institute for High Temperatures of USSR Academy of Sciences, All-Union Institute of 

Scientific and Technical Information. Department of Special Engines collected all materials 

for the reference book, organized editing and engaged in the final text preparation. 

Reference book, which publication was completed in 1980, became a result of labor of 

numerous authors and editors team. In data completeness, rigor formulations and adopted 

calculation methods it has no precedent in the world and domestic literature. Several volumes 

of the reference book were translated in United States and Israel. In 1984 the system of 

reference data as a complex of three reference books was awarded the State Prize of the 

USSR. 

Liquid propellant rocket engines designed in our country are still the best in the world. 

The contributions of KAI scientific school in these results are very weighty. 

Moreover, we should note additional important moments in the history of the country's first 

Department of Rocket Engines - the Department associated with the names of 

V.P.Glushko, S.P.Korolev. 
Thermodynamic and thermo physic researches of combustion products and processes in 

rocket engines were laid the foundation for creating and necessary conditions in the 

Department of Special Engines experimental base and research facilities for the other 

scientific fields and training of qualified personnel for the country. Thus, since 1973 by 1984 

four doctoral dissertations were defended in the Department: V.Ya. Klabukov (1973, 

“Radiation Heat Transfer in Rocket Engines”); A.V. Fafurin (1974, “Non-Stationary Heat 

Transfer in Solid Propellant Rocket Engines”); Yu. M. Danilov (1982 “Internal Ballistics of 

Solid Propellant Rocket Engines”); T.P. Potapov, (1984, “Electro Physical Properties of 

Rocket Engines Combustion Products”). These scientists and teachers together with their 

employees had gone into “deep waters”: V.Ya. Klabukov became rector of Kirov Polytechnic 

Institute; A.V.Fafurin and Yu.N. Danilov became Department Heads in Kazan Chemical 

Technological Institute; G.P. Potapov — Head of Department in KAI. 

In 1984, by the order no. 41 of V.E. Alemasov dated on March 30, scientific and educational 

units had been established in the Department of Special Engines, including five thematic 

sectors: “CAD” (Head Kryukov, V.G.), later renamed into “Modeling”; sector “Diagnostics” 

(Head Gafurov, R.A.); sector “Electrophysics” (Head Cherenkov, A.S.); sector “Gas 

Dynamics” (Head Glebov, G.A.); sector “Oil” (Head Magsumov, T.M.), as well as a 

centralized service sector "SCO", which includes two groups: GTO-1 (Laboratory Head 

Usanov, I.A.) and GTO-2 (Laboratory Head  Shulakov, V.A.). Groups GTO-1 and GTO-2 of 

centralized services sector were set up to perform work for providing and maintenance of 

educational process and scientific research and staffed on a territorial basis: GTO-1 is in the 

educational building no. 7, and GTO-2 is in the outside laboratory base, where there were five 

firing test beds, including the model solid propellant jet engines test bed, liquid jet engines 

test bed on long kept components, liquid jet engines test bed on liquid oxygen and kerosene. 

Contractual research, for example, in 1990, held on 52 contracts on the amount of 1,579,300 

rubles, which was a significant sum in the total contractual work in KAI at that time. Staff of 

the Department was 130–140 people at that time. 

Sector “Diagnostics” was actually organized in March, 1978. Initially it consisted of 9 

graduates of Special Engines Department of 1977–78 years. 

In 1979, the Scientific Council on the problem of “liquid rocket propellant” of the Presidium 

of the USSR Academy of Science took a decision (no. 105-79 from 15.10.79) to execute in 

KAI fundamental research of design and create the new physical methods and means complex 

of diagnosing intrachamber processes in liquid rocket engines. 
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The main directions of the sector work were: 

1. Diagnosis of two-phase flows and mixing parameters in gas-liquid paths, control elements 

and combustion chamber of liquid rocket engines. 

2. Diagnosis of combustion chamber reaction zone and parameters of the curtain cooling and 

exhaust jet under normal and abnormal operating conditions. 

3. Manufacture of diagnostic systems prototypes and its development in the firing tests on 

KAI test beds. 

4. Functional linkage of diagnostic systems into united automated system with using 

computation complex IVK-7 and “KAMAK” modules. 

5. Development of scientific foundation of aircraft engines technical diagnostics 

synchronously with tests. 

In the 1979 also in the Department of Special Engines the development and construction of a 

new test bed with the engine thrust up to 2 ton began, that works on the components: kerosene 

+ oxygen (gas) and is used compressed nitrogen in control systems and supercharging. 

To solve the set problems group was reorganized in the sector “Diagnostics” in Department in 

1984 and increased its size up to 66 people. There were 9 subgroups in the sector engaged in 

development of methods and devices for research of various parameters of the engine and test 

bed systems, such as: 

- Holographic apparatus for research of the fuel components spray area and the backpressure 

effect on gas-liquid flows; 

- Mass spectrometer apparatus for the continuous analysis of the combustion products 

composition in various zones in the combustion chamber with simultaneous scanning bleed 

off samples along cross the combustion products flow section; 

- Microwave interferometer to study the spatial characteristics of the reaction zone of the 

flame with a scanning antenna device along the combustion chamber; 

- Radiometers for intrachamber processes research and study of the working medium in the 

microwave range; 

- Diagnostic apparatus using molecular spectroscopic method for the working processes 

research by working medium self radiation in the ultraviolet and visible ranges; 

- Device, based on the laser-induced fluorescence method for study of the active radicals local 

concentrations in the reaction zone; 

- Plasma-ion detector systems for the charges generation research under pulsed operation 

mode changes and surface gas ducts ignition; 

- Device of monitoring and control of the combustible mixture ignition process in spark 

ignition devices; 

- External disturbing apparatus for generating acoustic disturbances with adjustable 

frequency; 

- Device with a vacuum sampler and fast infrared spectrometer for study of “soot” particles in 

combustion products, for measurement of the flame emission spectrum by double 

monochromator DMR-4 and for analysis of dispersed composition of condensed phase; 

- Measuring and computing complex IVK-7with “KAMAK” module and computer SM-4. 

In 1989 construction of the test bed was completed and the first firing test of the standard 

engine (steering camera) of “Buran” system in conjunction with an automated diagnostic 

complex was carried out. On all test devices, including fire test bed, training labs were carried 

out, and a set of manuals for them was developed. This kind of work was executed until 1995. 

Over the entire period of the “Diagnostics” sector work 2 persons (Gafurov, R.A., Shigapov, 

A.B.) were defended doctoral thesis, 8 persons (Safin, D.N., Safin, R.S., Zakonov, M.A., 

Shabalin, I.N., Platonov, E.N., Yunusov, D.M., Trutnev, K.F., Stinskii, G.V.) were defended  

Ph.D. thesis. 
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Subjects of the “Electrophysics” sector works was very wide and included research both 

theoretical and experimental directions. Block of computational and theoretical work included 

the study of non-ideal (in the thermodynamic sense) ionized working mediums of rocket 

engines and power plants based on them, taking into account the formation of clusters: 

associates and complex ions (executors: A.I. Glazunov, O.V. Ermolaeva, A.N. Sabirzyanov); 

nonequilibrium flows of ionized heterogeneous working mediums for solid propellant jet 

engines (executor: M.M. Lampasov); study of the processes in electric discharge chambers of 

powerful laser systems (executor: G.B. Odinokova). 

Experimental direction of work had been focused on the development of methods and means 

of contingency situations lag-free diagnosing by electrophysical methods for full-scale  liquid 

propellant and solid propellant jet engines (A.D. Ziyatdinov, A.G. Bugaenko, G.P. Potapov). 

To this purpose the original microwave transmitters and receivers were developed, some 

elements of which were made at various leading radio engineering enterprises of the USSR 

(executer: R.N. Abdrshin). An external (related to the engine) probe methods used also, 

allowing the lag-free monitoring of the destruction dynamics of parts of the solid fuel charge 

or thermal barrier coating at full-scale tests of the solid propellant rocket engines. This 

method had been implemented in the solid propellant rocket engines full-scale testing 

practice. Ionization sensors and its signal processing devices (executors: V.A. Shkalikov, 

M.L. Osipov) allow you to record the beginning of ignition of the gas duct metal of the liquid 

propellant rocket engines with staged combustion cycle and provide a signal for the engine 

safety system. A method for contactless diagnostics (via antenna probe) of intrachamber 

processes in liquid propellant rocket engines was developed (executor: A.N. Sabirzyanov). 

Sector staff carried out continuous remote monitoring by using the developed instruments of 

all rocket launches from cosmodromes “Baikonur” and “Plesetsk”. 

One doctoral thesis and seven PhD theses was protected by this work results. 

Work of sector “Modeling” was mostly theoretical and carried out in the direction 

“Mathematical modeling of high-temperature processes in power plants”. 

Researches and commercial contracts were executed on themes: 

- Chemical non-equilibrium processes in nozzles of liquid propellant rocket engines and solid 

propellant rocket engines and development of application software package “Prediction of the 

rocket engines specific impulse” (developers and researchers A.G. Senyukhin, A.D. 

Khasanov, R.S. Khairullin, I.K. Zhukova, R.L. Iskhakova, T.V. Trinos); 

- Gas-liquid reacting flows (gas generators, combustion chambers of liquid propellant rocket 

engines and air-breathing engines), modeling of the recirculation flows and processes in the 

flame front (the developers and researchers I.A. Zenukov, A.L. Abdullin, A.V. Demin, D.B. 

Sokolov); 

- Processes in the hot pressurization tanks of liquid propellant rocket propulsion systems and 

modeling of interfacial combustion (developers and researchers V.I. Naumov, I.Yu. 

Naidyshev, V.Yu. Kotov, R.K. Valiev, R.A. Mukhamedzyanov). G.A. Glebov was involved 

in development of the gas dynamic model of inter tank processes.  

Work on these topics includes the followed steps: creating of physical schemes, mathematical 

models, computation algorithm, software development and its application on the interested 

enterprises. Application was carried out in the framework of commercial contracts with 

leading companies of the industry branch: “Konstruktorskoe Buro Khimavtomatiky” (OSC 

KBKhA) (Voronezh), RSC “Applied chemistry” (Leningrad), Research Institute of Precision 

Instruments (NIITP, Moscow), Research&Development Institute of Mechanical Engineering 

(NIIMash, Nizhnyaya Salda), Academician V.P.Makeyev State Rocket Centre (Miass), S.P. 

Korolev Rocket and Space Corporation “Energia” (Moscow), ”Saturn” (Moscow), KMF 

“Soyuz” (Kazan), “Soyuz” (Dzerzhinsk) and others. 
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After strong changes in our country in early 90-th the main employees of sector working in 

different departments, organizations and even other countries continued profitable 

cooperation with the Department in this direction with expansion of problems subjects. In 

particular, together with Brazilian colleagues and students the problems of the modeling of 

combustion processes in gas-coal flows and of mass transfer processes in industrial extractors 

were solved (V.G. Kryukov, A.L. Abdullin). Together with foreign colleagues work on 

“Mathematical modeling of combustion processes and ionization in internal combustion 

engines” carried out (A.V. Demin, V.I. Naumov). 

Our principal researchers in this direction have published more than 300 scientific papers, 

including 3 monographs, 80 articles in the foreign congresses proceedings and 30 in the 

Russian conferences proceeding and more than 40 articles in journals, including: Russian 

Aeronautics; Chemical Engineering and Processing (Elsevier); Food and Bioproducts 

Processing (Elsevier); Tendencias em Matematica Aplicada e Computacional; Information 

Tecnologica; Physics Chemical Kinetics in Gas Dynamics, etc. 

As part of the developed scientific direction to the present time 4 doctoral theses, 4PhD  and 

14 Master's theses were defended. 

Team of the “Gasdynamics” sector was formed in 1980 of the best KAI graduates, post-

graduates and engineers. In addition to mechanical engineers of aircraft engines, graduates of 

Radio Engineering Faculty and Computer Science Faculty actively worked in the sector. The 

main research direction is the study of turbulent jet streams and separated flows and heat 

transfer in channels of aircraft engines and power plants. Particular attention is paid to the 

study of unsteady effects in the areas of separation and reattachment of the separated flow, 

characterized by instantaneous changes of velocity to the opposite one. The research was 

carried out on two gas-dynamic tunnels operating on suction. Gas dynamic plants with 

supersonic flow worked on the high pressure dock. Measurement of averaging and pulsating 

flow parameters was carried out with the help of developed and manufactured in the sector 

“Gasdynamics” original thermoanemometers that sensitive to the instantaneous flow 

direction. New experimental data and the effects of separated and other flows, characterized 

by instantaneous speed “reverse”. Influence of such “reverse” flows on heat transfer was also 

studied. The results of the work were presented at seminars of G.N. Abramovich (CIAM), 

A.S. Genevskii (TsAGI), on international and other conferences (R.N. Gabitov, A.A. 

Bormusov, V.Yu. Kokurin, R.A. Yaushev, V.B. Matveev, B.E. Mikhailov, A.R. Gafurov 

etc.). The main results were published in major journals and monographs published by Kazan 

Branch Academy of Sciences. Some sector staff (I.K. Zhukova and I.M. Varfalameev) 

engaged in numerical simulation of researched complex flows based on the Reynolds 

equations. One of the goals of such research was an attempt to clarify the empirical constants 

in the turbulence models (K-Ɛ et al.) with using of the experimental data for highly turbulent 

reversed flows with zones of reverse streams. 

The second direction of the sector activity was directly related to execution of research 

contract work with the enterprises of the Ministry of Aviation Industry and General 

Engineering. Activity directions are: 

- Gas dynamics and heat and mass transfer processes in the supercharged fuel tanks of 

rockets; 

- The study of complex spatial flows with zones of reverse flows in cross-flow ducts of solid 

propellant rocket engines. 

The main goal of solid propellant rocket engines research is to identify areas of intense heat 

emission and deposits of the condensed phase in the chamber and the nozzle inlet leading to 

burn-through and failure of the engine. Experiments were the cold blow of the model and real 

engines with the solid propellant simulator supplied by the customer. By using of thermo 
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anemometer and variety visualization techniques (method of oil “sooty” coatings, etc.) the 

flow detailed structure was identified, which includes the area of reverse flows, the region of 

the separated flow joining, which allows to determine the area of most intense heat and mass 

transfer in the chamber. 

As a result of further research, engines modification options were suggested to eliminate 

hazardous areas with too intense heat mass exchange. This results of work were represented 

in the scientific and technical reports and patents. Thus, with the help of these studies the 

problem of eliminate area of condensed phase deposits and burn-throw have been resolved for 

a two-chamber solid propellant jet engine (I.I. Bikmullin), for pre-nozzle volume of one of the 

test engines and some other problems. 

A group of employees (A.N. Shchelkov, E.N. Kovrizhnykh,. S.Y. Ivanov, D.V. Kratirov) in 

1984–1990 engaged in the study of high-frequency instability in solid propellant rocket 

engines with recessed nozzle. The aim of the work was to dispose the pulsation of pressure 

and high-amplitude thrust, resulting to engine damage. As a result of the cold blows on 

models with simulated solid propellant burning surface by the porous wall was revealed 

appearance at the leading edge of the recessed portion of nozzle of the non-stationary vortex 

structure adapting to the natural frequency of longitudinal vibrations in the engine chamber. 

As a result of these studies several technical solutions have been proposed and is defended 

about eliminate the self-oscillations of the pressure and thrust (1984–1987). One such solution 

in the form of the confuser-attachment in the inlet in recessed nozzle of solid propellant 

rocket engine of the first stage was realized on two modifications of interceptor missile, 

which still is the subject of proud of our country (S-300). 

Sector employees have been defended 2 doctoral (G.A. Glebov, A.P. Kozlov) and 18 PhD 

theses before 1994. 

Besides the problems, related to rocketry, the Department engaged in economic problems, 

including thermal effect on the oil pool to intensify the oil production. In the oil Republic 

(Tatarstan) this problem was of extremely great importance. Using the experience of rocket 

engine and gas generator combustion chamber development, Department and its laboratories 

were established effective steam gas generator plants using hydrocarbon fuels. 

These works under V.E. Alemasov and T.M. Magsumov supervision were carried out for 

many years in the framework of the program of the Science and Technology State Committee, 

the International Scientific and Technical Committee “Oil Recovery”, and Tatarstan Republic 

program to enhance oil recovery. 

Commonwealth of Kazan Scientific Center of Russian Academy of Sciences, Production 

Association Tatneft, institutions Tatar Research Oil Engineering Institute (TatNIIneftemash),  

Tatar R&D Oil Institute (TatNIPIneft),  Pilot Experimental Oil-Gas Exploration Office 

Tatneftebitum and KAI has greatly contributed to the successful development of both the 

design process and the development of industrial application in the oil fields of new 

technologies and developed facilities. 

- In the 80th of the last century pilot operational experiments executed in Mordovia–

Karmalskoe natural bitumen field to test different designs of steam gas generator plants. In 

autumn 1990, acceptance tests of the steam gas generator plant carried out by 

interdepartmental commission formed by order of the USSR Ministry of Oil Industry. Higher 

efficiency of the working medium — steam-gas in comparison with steam for natural bitumen 

production was proved. 

Steam gas generator plant with ground location of the steam-gas generator has been 

recommended by the interdepartmental commission for manufacturing in Bugulma 

Mechanical Plant. However, the time came for serious changes and restructuring of the 

country's industry; as a result many, many developments have been devoted to oblivion. 
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In parallel with the development and construction of steam gas generators, the work of 

thermal gas generator design in the “in-well” modification was carried out to initiate 

intrastratal ignition. Experimental and industrial applications of thermal gas generator of 

power 125 kW was carried out in 1991 on the well no. 9184 in Nurlat high-viscosity oil field 

of Tatarstan Republic. Thermal gas generator downing depth was 1257 meters. 

Thermal gas generator worked for 56 hours, after that the intrastratal burning on the 

thermogram by a temperature sensor in the stratum and the increase of CO2 content in the 

monitoring well no. 9184 was recorded. At the same time a response of the nearest 

geophysical well no. 40 to the intrastratal burning was the fact that it began to blow out with 

daily debit of 8 tons after thermal generator disconnecting. 

In 1997 T.M. Magsumov defended doctoral theses on the theme: “Development of scientific 

foundations, methods of design and engineering implementation of facilities for enhanced oil 

recovery based on the rocket engineering experience”. Practical implementation of this work 

in the Tatarstan Republic is waiting in the wings ... 

Despite the decline in research related to the rocket engine, the Department is attempting to 

preserve its scientific potential. Thus, in 1997 with the support of the Director of the Energy 

Division of the Kazan Scientific Center, Russian Academy of Sciences, Academician 

Vyacheslav E. Alemasov, a joint research laboratory of hydro dynamics and heat transfer 

(HiT) has created. Actually it is HiT Laboratory that is the successor of gas dynamics sector 

of Department of Rocket Engines of KAI from 1982 to 1996. The purpose of the lab 

establishing is to unite the scientific potential of KAI named after Tupolev and Energy 

Division of Kazan Scientific Center RAS. Operational management of the laboratory was 

assigned to head of the Department of Special Engines A.F.Dregalin and Director of Energy 

Division of Kazan Scientific Center RAS V.E.Alemasov as a co-heads, and Acting Head of 

the laboratory was assigned to perform one of the leading members of “Gas Dynamics” 

sector, Doct. of Tech. Sci. Alexander P. Kozlov. 

In 1997, HiT Lab joined the University Centre of Power Engineering established under the 

Federal Target Program “State support of integration of higher education and fundamental 

science 1997–2000" (FTP "Integration"). Scientific Metrological Center "KAI" was organized 

in 2002 with the direct participation of HiT Laboratory employees, that combined the 

scientific and technical potential of Tupolev Kazan State Technical University, the Energy 

Division of Kazan Scientific Center RAS, Federal State Unitary Enterprise SSMC All-

Russian Scientific Research Institute of Flowmeter Survey for solution of the fundamental 

and application tasks in the field of hydro dynamics and heat transfer, measuring equipment, 

for the development of research and educational activities. Later, in 2004, SMC-KAI was 

reorganized into a research laboratory of KSTU named after Tupolev (order no. 394-o from 

06.07.2004). 

The main activities of the HiT Laboratory: 

1. Execution of hydrodynamic and thermal processes research in complex laminar and 

turbulent flows (flow separation, flow and heat transfer after bluff bodies in limited, non-

uniform and non-stationary flows, flow separation control, surface heat transfer 

intensification, unsteady turbulent flows, etc.). 

2. Carrying out of experimental and theoretical research and development of methods and 

means of measuring of fluids parameters, including flowmeter instruments. 

3. Development on rocketry topics in the field of methods and means of active influence on 

clouds. 

4. Research and applied works in the field of industrial ventilation and gas purification. 
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5. The use of scientific and methodological abilities and laboratory equipment for students 

teaching, masters, postgraduate and doctoral students’ research, creating of training and 

experimental base that matches modern requirements of State Educational Standards. 

According to the results of these studies 3 doctoral theses (N.I. Mikheev, V.M. Molochnikov, 

I.A. Davletshin) and 13 PhD theses were defended. 

I especially want to commend the work of the creation of compact missile of new generation 

for active influence on clouds. Appointment of missile complex is weather “modification”— 

protection against hail, rain, and artificial rain enhancement. In this development Scientific 

Research Institute of Polymeric Material (NIIPM, Perm), Research Center of Energetics 

Problem of KSC RAS, Research and Production Enterprise “Irvis” (Kazan), Research and 

Production Center “Antigrad” (Nalchik) are participated besides KAI. 

Stage of development is the follows: successful interdepartmental tests of the missile are 

carried out; the serial production with deliveries will begin in 2015. 

Academician of RAS A.M. Lipanov said after acquaintance with this work, that it is worthy 

for nomination for the State Prize of the Russian Federation. 

At the present time, Department is intensively executing research work on the development 

and design of the laser rocket engine. A unique modern laboratory with acting models of laser 

engines is established. Work is being done both under the grants, and commercial contracts. 

On this problem PhD thesis is defended by A.R. Bikmuchev (presently working in the 

"Gagarin Research&Test Cosmonaut Training Center) and doctoral thesis — by A.G. 

Sattarov.  

Up to 1993 Department annually graduates three groups of students (60–75 people) in rocket 

engines specialty. Nowadays, graduates amount have declined. In recent years, Department 

takes 20 people in “solid propellant rocket engines” specialty in the first course.  

It should be noted that at present, judging by the numerous letters from military companies, 

inviting our graduates, there is an urgent need for specialists in rocket engine and rocket 

technology in general. Given the fact that the scientific and pedagogical school, four classes 

of designs, laboratory and test bed base, including firing test beds for both liquid and solid 

propellant rocket engines are kept in Department, the staff of Department is aimed at its 

further development in KAI. 

Now Department (formerly the Department of Rocket Engines) after joint with the 

Department of Aircraft Engines and Power Plants has a new name — Department of Jet 

Engines and Power Plants (RDiEU). 

 

Anatoly F. Dregalin, twice winner of the State Prize of the USSR (1984, 1991); Honored 

Worker of Science and Technology of the Tatarstan Republic (1982) and the Russian 

Federation (1987); member (academician) of the Academy of Aviation and Aeronautics 

(2004); Professor Emeritus of KSTU named after A.N. Tupolev (1997); Doct. Of Tech. Sci., 

head of the Department of Special Rockets Engines of Kazan State Technical University 

named after A.N. Tupolev from 1989 to 2014. 

He graduated from Kazan Aviation Institute (now Kazan National Research Technical 

University named after A.N. Tupolev – KNRTU) in 1960 in an aircraft engines specialty. 

Specialist in high-temperature processes energy in heat engines and power plants (theory, 

modeling, analysis methods of process parameters and properties of the working mediums of 

high temperature). 

 

Gennady Alexandrovich Glebov, specialist in the field of gas-dynamic and thermal 

processes in heat engines and power plants. A graduate of MSTU named after N.E. Bauman 

(1972), Kazan State University named after Ulyanov-Lenin (1981), Doct. of Tech. Sci., 



 

To 70th Anniversary of V.P. Glushko, S.P.Korolev Department … 

 183 

Professor of RDiEU Department of Kazan National Research Technological University 

named after A.N. Tupolev. Author of over 160 scientific papers, including two monographs, 

textbooks and 62 inventions. He prepared 16 candidates of technical science and a doctor of 

technical science. Laureate of I degree Prize of the USSR State Committee for Public 

Education in the field of heat and mass transfer (1988), a member of an international 

organization for continuing engineering education IACEE. In 1994 he was awarded the 

Presidential Scholarship as an outstanding scientist of Russia. 
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Moscow Aviation Institute (MAI) -  85 ! 
 
Moscow Aviation Institute (MAI) has celebrated its 85th Anniversary at this year. MAI 
was established in March 1930. We are satisfied to congratulate our Colleagues from 
Moscow Aviation Institute (National Research University) and all the staff of MAI on 
this anniversary! 

We are pleased to note that the primary strategic tasks in the Program of MAI 
development are the following:  

- «… achievement of high quality in specialists training for aviation and space science 
and engineering practice …»;  

- «… enhancement of training in physics and mathematics for understanding of 
processes and simulation of phenomena in engineering practice …». 

Consequently, MAI performs basic multi-discipline training of specialists and 
engineers for the most complex industrial fields. 

The credit here is undoubtedly due to MAI Leaders (Rectors), their foresight, 
responsibility and brilliant intuition (primarily as engineers in mechanics). Among them , 
latter, we pay special attention to G.V.Kamenkov, specialist in mechanics and 
mathematics, brilliant N.G.Chetaev’s disciple. Academician  N.G.Chetaev is Founder 
of Kazan Chetaev School for Mechanics and Stability, initiator of establishment of 
Kazan Aviation Institute in Kazan in 1932, with fundamental higher engineering 
education … 

G.V.Kamenkov graduated from Kazan State University. Being Rector of KAI and later 
– Rector of MAI, he particularly succeeded in implementation of these Chetaev’s 
ideas of obligatory «… fundamental nature of higher engineering education in the 
complex interdisciplinary fields like Aviation and Astronautics …». 
 
On behalf of all the Kazan specialists, on behalf of all the members of the International 
Editorial Committee we wish our Colleagues and all the staff of Moscow Aviation 
Institute (National Research University), our Partner, further success and advances in 
all fields of this one of the most complicated sphere – the system of Higher 
Engineering Education for Aviation and Astronautics. 
 
We wish to our Partner MAI “the stability on infinite time interval under all permanently 
acting perturbations”! 
 
 
 
 
 
 
 
 
President of KNRTU – KAI  Co-Editor of ISJ 
Member of International Editorial Committee 

 

Yu.F.Gortyshov L.K.Kuzmina 



XI ALL-RUSSIAN CONGRESS  

ON FUNDAMENTAL PROBLEMS OF THEORETICAL AND APPLIED 

MECHANICS 

 

Russian National Committee on Theoretical and Applied Mechanics together with 

Kazan Federal University, Kazan National Research Technical University of A.N.Tupolev 

name (KAI) and Institute for Mechanics and Mechanical Engineering KazSC of RAS under 

the auspices of Russian Ministry of Education and Science, Federal Agency for Scientific 

Organizations, Government of the Republic of Tatarstan, Russian Academy of Sciences and 

Russian Foundation for Basic Research are going to hold the 11
th

 All-Russian Meeting on 

basic problems of theoretical and applied mechanics on 17-21 August 2015. Third All-

Russian School for young scientists in mechanics and a session of General Assembly of 

Russian National Committee on Theoretical and Applied Mechanics will be held in the 

framework of the Meeting. 

 

Structure of the Congress program 

Session 1. General and applied mechanics 

1-1. Analytical mechanics and motion stability 

1-2. Control and optimization of mechanical systems 

1-3. Oscillations of mechanical systems 

1-4. Mechanics of systems of solid and deformable bodies 

1-5. Mechanics of machines and robots 

Session 2. Fluid and gas dynamics 

2-1. Hydrodynamics 

2-2. Aerodynamics and gas dynamics 

2-3. Stability of flows and turbulence 

2-4. Physical and chemical continuum mechanics 

2-5. Mechanics of multiphase media 

Session 3. Mechanics of deformable solid bodies 

3-1. Theory of elasticity and viscous elasticity 

3-2. Theory of plasticity and creep 

3-3. Dynamic processes in deformable media 

3-4. Mechanics of destruction and damage 

3-5. Mechanics of contact interaction 

Session 4. Interdisciplinary problems of mechanics 

4-1. Problems of meso- and nano mechanics 

4-2. Biomechanics 

4-3. Mechanics of natural processes 

4-4. History of mechanics and issues of teaching mechanics in universities 

 

Sessions will comprise special-order reports, and subsessions will comprise oral and 

poster presentations selected by the Organizing Committee. Each author can participate only 

with one report. 

 

Authors were encouraged to submit their materials till 1 March 2015 according to the 

rules approved by the Congress, namely: abstracts not exceeding 500 characters and short 

papers not exceeding 2 pages A4. Abstracts of the approved papers will be published in the 

Congress proceedings, papers will be published online and on CDs in PDF. 

Registration forms for participants and other relevant information on the Congress will 

be uploaded to www.ruscongrmech2015.ru. 

 

http://www.ruscongrmech2015.ru/
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