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                                                                         Abstract 
    Aviation, in general, and aerospace in particular needs new propulsion systems which allow the craft to 

reach high speeds by cheaper and more efficient methods.   Author offers a new propulsion system using 

electrons for acceleration of the craft and having a high efficiency. As this system does not heat the air, it 

does not have the heating limitations of conventional air ramjet hypersonic engines. Offered engine can 

produce a thrust from a zero flight speed up to the desired space apparatus speed. It can work in any 

planet atmosphere (gas, liquid) and at very high altitude. The system can use apparatus surface for thrust 

and braking. For energy the system uses high voltage electricity which is not a problem if you have an 

appropriate electrostatic generator connected with any suitable engine.  

------------------------------------------------------- 
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                                                         Introduction 
 

  Currently, turbo-rocket engines are widely used in aviation. Although they are good for subsonic speed, 

they are worse for small (M < 2 ÷ 3) supersonic speed and has tremendous difficulties achieving 

hypersonic speed (4 < M < 6). The current designs of ramjet hypersonic engines using high temperature 

compressed air are limited because current materials cannot withstand any greater temperature. Another 

significant limitation is that aircraft must use complex expensive hydrogen fuel [1]-[17].  

   A jet engine is a reaction engine that discharges a fast moving jet which generates thrust by jet 

propulsion in accordance with Newton's laws of motion. This broad definition of jet engines includes 

turbojets, turbofans, rockets, ramjets, and pulse jets. In general, most jet engines are internal combustion 

engines. 

   In common parlance, the term jet engine loosely refers to an internal combustion air breathing jet engine 

(a duct engine). These typically consist of an engine with a rotary (rotating) air compressor powered by a 

turbine ("Brayton cycle"), with the leftover power providing thrust via a propelling nozzle. These types of 

jet engines are primarily used by jet aircraft for long-distance travel. Early jet aircraft used turbojet 

engines which were relatively inefficient for subsonic flight. Modern subsonic jet aircraft usually use 

high-bypass turbofan engines which offer high speed with fuel efficiency comparable (over long 

distances) to piston and propeller aeroengines [18]. 

   Electrostatic generators operate by using manual (or other) power to transform mechanical work into 

electric energy. Electrostatic generators develop electrostatic charges of opposite signs rendered to two 

conductors, using only electric forces, and work by using moving plates, drums, or belts to carry electric 

charge to a high potential electrode. The charge is generated by one of two methods: either the 

triboelectric effect (friction) or electrostatic induction. 

                                                         Innovations 
   One simple version of the offered electronic ramjet propulsion engine (EABP) is shown in fig.1. Engine 

contains the tube. The ejectors of electrons 2 are installed in the entrance of the tube. The collector of 

electrons (grille) 3 is installed in the end of tube. The electric circle having the battery (electrostatic 

generator) 4 and regulator of voltage 7 connects the ejector and grille.   

  The engine works the following way. The ejectors eject the electrons into tube. The strong electric field 
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between injectors and grill moves them to grill. Electrons push (accelerate) the air to tube exit. When the 

electrons reach the grill, they enter the grill and close the electric circuit. The accelerated air (air jet) with 

high speed flows out from engine and creates the thrust. In correct design engine this thrust may be 

enough for moving the craft.   

          
Fig.1. Electron ramjet engine (EABP). a – side view, b – forward view. Notations: 1 – engine; 2 – injector of 

electrons; 3 – collector of electrons; 4 – electric issue; 5 – enter air; 6 – exit air jet; 7 – regulator of an electric 

voltage (electron regulator).  

   The proposed idea of a propulsion engine has many versions. One of them is shown in fig. 2a. That is a 

conventional fuselage or wing (in fig. 2a it is shown the gross section of the wing). The electron injectors 

are installed in beginning of the fuselage (wing) surface. The collectors are installed in the end of the 

fuselage/wing. The electrons accelerate the air around the flying apparatus and the electric forces produce 

the thrust.     

 

        
Fig.2. Outer Electron ramjet engine (EABP). a – side view of the fuselage or a gross-section of wing, b – 

surface electron engine. Notations: 1 – fuselage or wing; 2 – injector of electrons; 3 – collector of 

electrons; 4 – electric issue; 5 – enter air; 6 – exit air jet; 7 – electric (electron) regulator; 9 –surface 

(isolator)  of fly apparatus; 10 – electric plate.  

   One possible electric schema of the proposed engine, shown in fig. 3, has an additional closed loop 

electric circles which allows extracting the electrons from main electric circle and collecting electrons 

from air flow to back into main circle, to heat the electron ejectors (cathodes) if it is necessary.  



3 
 

 
Fig.3. The electrical circuit of one version EABP engine. Notations are same with figs. 1 – 2. a is side 

view, b is forward view. 

  Principal differences the offered EABP engines from known propulsion systems/engines. 

    From air-breathing engine:  

1. Air-breathing propulsion engine as any heat engine compresses and HEATS the air.   

   The electronic propulsion engine does not compress and does not heat the entered air. 

2. Air-breathing propulsion engine expends liquid fuel. 

    The electronic propulsion engine expends electric energy. 

    From rockets:  

1. Rocket expends fuel. 

    The electronic propulsion engine expends electric energy. 

    From the electric rocket engine.  

1. The electric rocket engines and the electronic propulsion work in different mediums. The electronic  

     propulsion uses the outer medium (atmosphere, gas, liquid, etc.) while most electric rockets may work 

only in vacuum. 

2. The electric rocket engines can use only positive ions. 

    The electronic propulsion system use only electrons. 

3. The electric rocket engines expends the apparatus mass (for example, plasma). 

    The electronic propulsion system does NOT expends the apparatus mass. 

Advantages and disadvantages of the proposed electron propulsion system in comparison with the 

conventional air propulsion systems. 

 The suggested new propulsion principle has the following advantages and disadvantages in 

comparison with conventional air-breathing engine propulsion systems used at present time. 

    Advantages:  

1. All current air-breathing propulsion engines as any heat engine compresses and HEATS the air.  

    As the result the heat efficiency is about 30% or low.  

      The electronic propulsion engine (EABP) does not compress and does not heat the entered air.   

    His electric efficiency is about 100% which makes it 3 more times efficient. 

2. All current the air-breathing engines has small efficiency in hypersonic speed (3 < M < 5), because the  

    high compressed air has big temperature and current material cannot keep them. Conventional  

    hypersonic engine is very complex, needs hydrogen fuel. There is no production of the hypersonic     

engine at present time although its research and design is doing about 20 years. For M > 6 the heat 

hypersonic engine cannot work.  

     The electron engine not heat an air and can work at any speed. That means one may be used as a  

    cheap space launcher and engine of the super speed aircraft. 

3. The electronic engine is very simple and cheap.  

4. The outer air ship surface may be used as engine. The aircraft may not have nacelles (moto-gondols).  

    That means high aerodynamic efficiency of flight apparatus. 

5. The outer surface electronic engine (fig.2b) may be used for creating the laminar boundary layer.  
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    That means low (minimal) air friction and very high aerodynamic efficiency of flight apparatus.  

6. The outer surface electronic engine (fig.2b) may be used for creating the high lift force.  

    That means a low landing speed, decreasing the take-off and landing distances, VTOL aircraft. 

7. The electron engines can work at very high atmosphere. 

8. The EABP can works in any atmosphere and in other planets; space apparatus can use any matter of  

    planets, asteroids and apparatus garbage in the EABP engine.  
      Possible Disadvantages:  

1. Main disadvantage of electron propulsion engine: the aircraft needs strong high voltage electric 

power. This problem may be solved by connecting the conventional engine with static electric 

generator. The static electric generator is lightweight and cheap. Electrostatic generator must be 

researched and developed in order for it to produce high voltage direct electricity. One, although not 

suitable for use by population and industry, but the electrostatic generators are needed for electron 

propulsion engine needed in very high voltage (up 2 millions volts).  

     Theory of Electron Propulsion (EABP). Computation and Estimation. 
 
1.  Thrust of EABP. The thrust of the jet electron engine is (we use the Law of Impulse): 
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   where T is thrust, N; m is  air mass passed through engine in one second, kg/s; Vf is an exit speed of air 

(medium), m/s; V is an entry speed of air (medium),  (flight speed of the apparatus), m/s; ΔV is increasing 

of air (medium) speed into engine, m/s; ρ is air (medium) density, kg/m
3
; S is ender area of engine, m

2
; Ts 

is specific thrust of engine, N/m
2
. 

   The energy At [J] getting by flight apparatus from thrust is 

                                                                              At = TVt ,    (2) 

where t is time, sec. 

  From other hand, the energy Ae  [J] getting from of electric current is  

                                                                             Ae = UIt ,    (3) 

where U is voltage between entrance and exit of engine, V; I is electric current, A.  

  The heat efficiency of the EABP is close to 1, because no heating of air into engine (the increasing the 

speed of all air mass is in one direction by electric field). 

 That way  

                                                                                At ≈ Ae .     (4) 

From (1) – (4) and Is = I/S we get (V ≠ 0) 
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where Is is density of electric currency about apparatus, A/m
2
, ΔV is increasing  air (medium) speed into 

engine, m/s. 

  Example  1.  Let us take the U = 10
6
 V, Is = 10 A/m

2
, flight speed V = 200 m/s, ρ = 1 kg/m

3
.  

Then Ts = 5×10
4
 N/m

2
 = 5 tons/m

2
, ΔV = 250 m/s. 

   Example   2. Let us take the U = 4×10
6
 V, Is = 100 A/m

2
, flight speed V = 8000 m/s, ρ = 1 kg/m

3
.  

Then Ts = 5×10
4
 N/m

2
 = 5 tons/m

2
, ΔV = 6.25 m/s. 

  The same way we can get the request power and getting thrust when the flight speed equals zero: 

                         Ps = 0.5m ΔV
2
,  m = ρΔV ,   Ts =Ps/ΔV ,  Ps = 0.5ρΔV

3
 ,   Ts = 0.5 ρΔV

2
   , (6) 

  where Ps is electric power for 1 m
2
, W/m

2
; ΔV is increasing  air speed into engine, m/s; 
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  m is  air exemption mass passed throw engine in one second, kg/s;

   Example   3.  Let us take the U = 10
6
 V, Is = 10 A/m

2
, exit speed ΔV = 100 m/s, ρ = 1 kg/m

3
.  

Then  the start thrust is Ts = 10
5
 N/m

2
 = 10 tons/m

2  
if the start power is Ps = 10

7
 W/m

2
. 

2. Efficiency of Electron EABP engine. 

  Efficiency η of any jet (air flight) propulsion is production of two values: propulsion efficiency ηp  and 

engine (cycle) efficiency ηe : 

                                      η = ηpηe ,    where   ηp  = V/(V + 0.5 ΔV) .   (7) 

    The flight efficiency for heat and electronic propulsion are same. They depend only on ΔV . But 

thermodynamic (cycle) efficiency of the heat engine is low about 25 ÷ 35%. The heat engine looses a 

great deal of energy from the hot exit jet. For high speed over M > 3 the conventional air rocket (jet) 

engine looses efficiency very quickly. The aviation designers try to use the hydrogen fuel, but after M > 5 

the hydrogen fuel is also useless.  The offered electronic jet engine accelerates air by electricity. It has  

efficiency close to 100% as the only loss of energy is the extraction of the electrons from cathode and 

ionizations of air molecules. This energy is about tens electron-volts (eV). The energy spent for 

acceleration of the air molecules by electrons/ions is hundreds of thousands of eV.  That means the total 

efficiency of EABP is 3 times more than conventional air jet propulsion. 

  The second very important point: efficiency of EABP does not depend upon speed of apparatus. 

  The other advantages: we can make a very large entrance area of engine, we can use the fuselage and 

wings, stabilizer and keel of plane as engine. 

    3. Electron speed. The electron speed about the gas (air) jet may be computed by equation: 

                                                                js = qn-b-E + qD-(dn-/dx) ,    (8)  

  where  js is density of electric currency about  jet, A/m
2
; q = 1.6×10

-19
 C is charge of single electron, C; 

n-  is density of injected electrons (negative charges) in 1 m
3
; b - is charge mobility of negative charges, 

m
2
/sV; E is electric intensity, V/m; D- is diffusion coefficient of charges; dn-/dx is gradient of charges. For 

our estimation we put dn-/dx = 0. In this case 

                                               js = qn-b-E ,   Q =   qn ,  v =  bE ,   js = Qv ,  (9) 

 where Q is density of the negative charge in 1 m
3
; v is speed of the negative charges about  jet, m/s.  

   The negative charge mobility for normal pressure and temperature T = 20
o
C is: 

               In dry air b- = 1.9×10
-4

 m
2
/sV, in humid air b- = 2.1×10

-4
 m

2
/sV.  (10) 

In diapason of pressure from 13 to 6×10
6
 Pa the mobility follows the Law bp = const, where p is air 

pressure. When air density decreases, the charge mobility increases. The mobility stregnth depends upon 

the purity of gas. 

  For normal air density the electric intensity must be less than 3 MV (E < 3 MV). Otherwise the electric 

breakdown may be: 

  If v >  0, the electrons accelerate the air into engine (E > 0 and engine spend energy). If v  < 0, the 

electrons beak the air into engine (E < 0 and engine can produce energy). If v = 0 (electron speed about 

apparatus  equals V), the electric resistance of jet into engine is zero. 

Example 4. If E = 10
6
 than v = 200 m/s. 

4. Electron injectors.  

  There are some methods for getting the electron emissions: hot cathode emission, cold field electron 

emission (edge cold emission, edge cathode), photo emission, radiation emission, radioisotope emission 
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and so on. We consider only the hot emission and shortly the cold field electron emission (edge cathodes). 

  The hot cathode emission computed by equation: 

                                                        js = BT
2
exp(-A/kT) ,    (11) 

 where B is coefficient, A/cm
2
K

2
; T is catode temperature, K; k = 1.38×10

-23
 [J/K] is Bolzmann constant;   

A is thermoelectron exit work, eV. Both values A, B depend from material of cathode and its cover. The 

“A” changes from 1.6  to 5 eV, the “B” changes from 0.5 to120 A/cm
2
K

2
. Boron thermo-cathode 

produces electric currency up 200 A/cm
2
.  For temperature 1400 ÷1500K the cathode can produce 

currency up 1000 A/cm
2
. The life of cathode can reach some years [19]-[20].  

   The edge cold emission. The cold field electron emission uses the edge cathodes. It is known that the 

electric intensity Ee in the edge  is 

                                                                Ee = U/a .     (12) 

  Here a is radious of the edge. If voltage between the edge and nears net (anode) is U = 1000 V, the 

radius of edge a = 10
-5

 m, electric intensity at edge is the Ea = 10
8
 V/m. That is enough for the electron 

emission. The density  of electric current may reach up 10
4
 A/cm

2 
. For getting the required currency we 

make the need number of edges.  

                                              Summary and Discussion  
  The author proposed the principally new propulsion system (engine) using the outer medium (air) and 

electric energy. It is not comparable to conventional heat propulsion because the heat jet engine gets the 

thrust by compressing the air, burning the fuel into air, heating, accelerating the hot air and expiring the 

hot gas in atmosphere. 

   The offered EABP engine is accelerating the air (medium) by a principally new method – by electric 

field which does not need atmospheric oxygen and thus can work in any atmosphere of other planets. This 

engine does not require compressing and heating of medium and, as such, does not have limitations of 

high temperature, high flight speed and rare atmosphere. 

  This engine is also dissimilar to known space electric engines. The space electric engine takes an 

extracted mass from itself, ionizes it, and accelerates springing forward in a vacuum. It has very small 

thrust, works poorly into any atmosphere and works worse if the atmosphere has a high density. The 

EABP does not take the extracted mass, can work only in atmosphere and works better if the atmosphere 

has a high density. 

  The main disadvantage of the offered engine is the requirement of high voltage electricity. For getting 

the electricity may be used the conventional internal turbo engine connected with electro-statics generator. 

Electro-statics power generator is light-weight and produces high voltage electricity. 

 The researches having relation to this topic are presented in [1]-[17]. 

                                                                        Acknowledgement 

  The author wishes to acknowledge Shmuel Neumann for correcting the English and offering useful 

advice and suggestions. 

                                                                        References 

 [1]. A.A. Bolonkin, “High Speed Catapult Aviation”, AIAA-2005-6221, presented to Atmospheric Flight  

       Mechanic Conference – 2005. 15–18 August, USA. 

[2]. A.A. Bolonkin, “Air Cable Transport System”, Journal of Aircraft, Vol. 40, No. 2, July-August 2003, 



7 
 
      pp. 265–269. 

[3].   A.A. Bolonkin, “Bolonkin’s Method Movement of Vehicles and Installation for It”, US Patent 6,494,143 B1, 

      Priority is on 28 June 2001. 

[4].  A.A. Bolonkin, “Air Cable Transport and Bridges”, TN 7567, International Air & Space Symposium – The 

      Next 100 Years, 14-17 July 2002, Dayton, Ohio, USA 

[5]. A.A. Bolonkin,  “Non-Rocket Missile Rope Launcher”, IAC-02-IAA.S.P.14, 53rd International   Astronautical  

     Congress, The World Space Congress – 2002, 10–19 Oct 2002, Houston, Texas, USA. 

[6]. A.A. Bolonkin, “Inexpensive Cable Space Launcher of High Capability”, IAC-02-V.P.07, 53
rd

 International  

     Astronautical Congress. The World Space Congress – 2002, 10–19 Oct.    2002. Houston, Texas, USA. 

[7]. A.A. Bolonkin, “Non-Rocket Space Rope Launcher for People”, IAC-02-V.P.06, 53rd International 

      Astronautical Congress. The World Space Congress – 2002, 10–19 Oct 2002, Houston, Texas, USA. 

[8].   A.A. Bolonkin, “Non-Rocket Space Launch and Flight”, Elsevier, 2005, 468 pgs. Attachment 2: High speed  

      catapult aviation, pp.359-369.   http://www.archive.org/details/Non-rocketSpaceLaunchAndFlight , 

      http://www.scribd.com/doc/24056182 

[9]. A.A. Bolonkin, “New Concepts, Ideas, Innovations in Aerospace, Technology and the Human  

      Sciences”, NOVA, 2006, 510 pgs. http://www.scribd.com/doc/24057071 , 

      http://www.archive.org/details/NewConceptsIfeasAndInnovationsInAerospaceTechnologyAndHumanSciences 

[10]. A.A. Bolonkin, R. Cathcart, “Macro-Projects: Environments and Technologies”, NOVA, 2007, 536 pgs. 

      http://www.scribd.com/doc/24057930 . 

      http://www.archive.org/details/Macro-projectsEnvironmentsAndTechnologies  . 

[11]. A.A. Bolonkin, Femtotechnologies and Revolutionary Projects. Lambert, USA, 2011. 538 p., 16 Mb.   

      http://www.scribd.com/doc/75519828/ ,  

       http://www.archive.org/details/FemtotechnologiesAndRevolutionaryProjects    

 [12]. A.A. Bolonkin,  LIFE. SCIENCE. FUTURE  (Biography notes, researches and innovations). Scribd,  

      2010, 208 pgs. 16 Mb. http://www.scribd.com/doc/48229884,    

      http://www.archive.org/details/Life.Science.Future.biographyNotesResearchesAndInnovations 

[13].  A.A. Bolonkin, Universe, Human Immortality and Future Human Evaluation. Scribd. 2010г.,  4.8 Mb.    
      http://www.archive.org/details/UniverseHumanImmortalityAndFutureHumanEvaluation,  

      http://www.scribd.com/doc/52969933/  

[14]. A.A.Bolonkin, "Magnetic Space Launcher" has been published online 15 December 2010, in the ASCE,  
      Journal of Aerospace  Engineering (Vol.24, No.1, 2011, pp.124-134). http://www.scribd.com/doc/24051286/ 

[15]. A.A.Bolonkin, Universe. Relations between Time,  Matter, Volume, Distance, and Energy (part 1)  

      http://viXra.org/abs/1207.0075, http://www.scribd.com/doc/100541327/ , 

       http://archive.org/details/Universe.RelationsBetweenTimeMatterVolumeDistanceAndEnergy 

 [16]. A.A.Bolonkin, Lower Current and Plasma Magnetic Railguns. Internet, 2008.  

        http://www.scribd.com/doc/31090728  ;  http://Bolonkin.narod.ru/p65.htm  . 

[17]  A.A.Bolonkin, Electrostatic Climber for Space Elevator and Launcher. Paper AIAA-2007-5838  for 43 Joint  

       Propulsion Conference. Chincinnati,  Ohio, USA, 9 – 11 July,2007.  See also [10],  Ch.4, pp. 65-82. 

[18] W.J. Hesse and el. Jet Propulsion for Aerospace Application, Second Edition, Pitman Publishing Corp. NY. 

[19] N.I. Koshkin and M.G. Shirkebich, Directory of Elementary Physics, Nauka, Moscow, 1982 (in Russian). 

[20] I.K. Kikoin. Table of Physics values. Atomisdat, Moscow, 1976 (in Russian). 

 

 May 27, 2013 

 

http://www.archive.org/details/Non-rocketSpaceLaunchAndFlight
http://www.scribd.com/doc/24056182
http://www.scribd.com/doc/24057071
http://www.archive.org/details/NewConceptsIfeasAndInnovationsInAerospaceTechnologyAndHumanSciences
http://www.scribd.com/doc/24057930
http://www.archive.org/details/Macro-projectsEnvironmentsAndTechnologies
http://www.scribd.com/doc/75519828/
http://www.archive.org/details/FemtotechnologiesAndRevolutionaryProjects
http://www.scribd.com/doc/48229884
http://www.archive.org/details/Life.Science.Future.biographyNotesResearchesAndInnovations
http://www.archive.org/details/UniverseHumanImmortalityAndFutureHumanEvaluation
http://www.scribd.com/doc/52969933/
http://www.scribd.com/doc/24051286/
http://vixra.org/abs/1207.0075
http://www.scribd.com/doc/100541327/
http://archive.org/details/Universe.RelationsBetweenTimeMatterVolumeDistanceAndEnergy
http://www.scribd.com/doc/31090728
http://bolonkin.narod.ru/p65.htm

