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Abstract: An ionocraft or more commonly known as ionic lifter or ionic thruster is an asymmetrical 
capacitor which uses high voltage to produce a thrust. The lifter uses an electrical energy to lift its own 
weight plus an additional payload. Three different configurations (triangular, square and improved 
square) of ionic lifters are developed to observe the performance of the lifters characterized by its 
potential energy, air flow velocity, lifting height and the generated force. The results show that the 
downward air flow velocity of the square model is higher than the triangular model. The higher air 
flow velocity corresponds to the lift off performance of the lifter. The Lorentz force initiated to the 
improved square model increases the energy output and the force to lift higher. The improved lifter 
system however reduces the downward air flow of the lifter on this small scale model due to the 
significant weight of the additional magnets. This ionic lift mechanism would be useful for frictionless 
bearing or transporting mass without friction or possibly used in vacuum condition without burning 
fossil fuel. 
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INTRODUCTION 

 
 An ionocraft or ionic Lifter is an electronic thrust device that has two parallel conductive electrodes, one as 
a fine wire and another which may be formed of a wire grid, tubes or foil skirts with a smooth round surface. 
According to (LaViolette, 2008), a lifter is an asymmetrical capacitor which uses high voltage of at least 20 kV 
to produce a thrust. The Lifter functions without any moving parts, uses only electrical energy and is able to lift 
its own weight with additional load.  
 There are three forces acting on a lifter to propel it: Ionic Wind, Ion Drift and Biefeld-Brown effect (Bahder 
and Fazi, 2003) while (Canning et al., 2004) assumes that the Electrostatic force produces the ionic wind which 
further produces the thrust force on the lifter. (Kuhnen et al., 2007) only considers the ionic wind and ion drift 
effect at the lifter. 
 Ionic wind is a stream of ionized medium generated by a high electric field (Robinson, 1961). Electric 
charges on conductors stay on the external surfaces and tend to concentrate more around sharp points and edges. 
This means that the electric field generated by charges on a sharp conductive point is higher and more 
concentrated than the field generated by the same charge residing on a spherical conductive shell. When this 
electric field strength exceeds the corona discharge inception voltage gradient, it ionizes the air molecules about 
the tip which result in generation of ionized air molecules having the same polarity as that of the charged tip. 
Thus the tip repels the same charged ion cloud of air molecules, and the ion cloud immediately expands due to 
the repulsion between the ions themselves. This repulsion of ions creates an electric "wind" which is the ionic 
wind that goes away from the tip. As the negative electrode which is the aluminum foil has a higher negative 
charge density and higher negative electric field, the positive charge ion cloud of air molecules would move to 
it. 
 Ionocraft works through a thin, positively charged emitter wire which is the corona wire that is located in a 
charge from circuit that is close to a smooth and attracting surface on the aluminum foil (Iannini, 2004). Air 
particles around the corona wire are charged and ionized by the charge from the corona wire. The air particles 
are then attracted to the negative space charge around the smooth surface at the aluminum foil. The ionic wind 
force contribution is too small to account for the observed force on an asymmetric capacitor but contribute to the 
overall force on a capacitor. 
 Ion drift, according to (Bahder and Fazi 2003), is the drift of charge carriers in an electric field. The way 
ions are produced is the same process like ionic wind. The carriers do not have ballistic trajectories like ionic 
wind but they experience collisions on their paths between electrodes. The carriers have a net motion towards 
the opposite electrode due to the presence of an electric field.  
 In terms of the generated gravitational field, it follows the relativistic equation of a moving charged particle 
(Musa, 2000) while (La Violette, 2008) assumes that sub-quantum kinetics on the body should generate a 
gravitational mass. 
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 So far the ion thrusters are purely based on ionic lifters. In this research, the influence of Lorentz force to 
the ionic lifter is investigated. Usually, the application of Lorentz force that relates electric and magnetic fields 
are used in motor and magneto hydro dynamic (MHD) drive system. In this research, Lorentz force system will 
be added on the square ionic lifter to improve the lift performance of the lifter. 

 
MATERIALS AND METHODS 

 
 In this research the performance on small scale ionocraft will be investigated. Three types of ionic lifters are 
first defined: triangular, square and improved square. These three lifters are observed in several parameters, i.e. 
potential energy, height of lifting, weight of lifter, air flow velocity of the lifter and force output.  
 The triangular lifter is shown in Fig. 1(a). The main body of this lifter is a triangular shape. It consists of a 
copper wire as corona wire, plastic hollow tubes joined together as a frame and covered by aluminum foil. The 
width of each side of the triangle is 4 cm and the height of the aluminum foil is 3 cm. The distance from the 
ground to the edge of the aluminum foil is 0.5 cm. The distance between the top of the aluminum foil to the 
copper corona wire is 3cm. The distance of the top of the lifter to the copper corona wire is 0.5cm. 
 The second lifter is a square lifter as shown in Fig. 1(b). This lifter is similar with the triangular model with 
an additional side to make a square model. 
 The third lifter configuration is an improved square lifter shown in Fig. 2. This lifter is a square lifter with 
additional magnets. The magnets are located with a distance of 3cm each other. The height of the magnets is 1.5 
cm. These two magnets in the square model will generate magneto hydro dynamic (MHD) effect that follows 
Fleming’s left hand rule. This is a way to generate the Lorentz force to the lifter. 

 

                    
         (a)      (b) 
 

Fig. 1: Basic lifters: (a) Triangular  (b) Square. 
 

 
 
Fig. 2: Improved square lifter. 

 
 The experimental setup configuration for the improved square lifter is shown in Fig. 3. The 12V (7.2A) 
battery supplies the electrical power to the primary electrical circuit to produce a high voltage output up to 20 
kV. The wires are connected to the support blocks before being connected to the lifter to avoid unnecessary 
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loading to the lifter due to the weight of the wires. The negative output wire from the primary circuit is 
connected to the square platform before connecting to the support so that the negative charge square platform 
and negative charge aluminum foil on the lifter will repulse one another to increase the lifting height of the 
lifter. 
 The positive and negative wires are connected to the opposite sides to stabilize lifter when it vibrates due to 
the electric charge. Another wire from the second electronic circuit is connected to the lifter. This provides the 
required current to generate Lorentz force.  

 

 
Fig. 3: Improved lifter setup configuration. 
 
 For the triangular and the square lifters, the secondary circuit is not used. An aluminum platform is used to 
stabilize the lifter and to prevent it from rotating towards any side falling over.  
 The primary circuit produces 3 cm spark gap, the maximum voltage 28 kV with the current of 8 mA at 
frequency 110.6-112.6 Hz. 
 

RESULTS AND DISCUSSIONS 
 

 The experimental lifters are all hand made, therefore the lifters are not symmetrical. This unsymmetrical 
condition is the cause of vibration or unstable distortion during lift off. Measurements of the height are 
conducted by averaging several times to obtain a representative value. 

 
Table 1: Potential Energy Output. 

Lifter type Lifting height (mm) Weight of lifter (g) 
Potential energy output 

(J) x 10-6 

Energy per weight 
ratio  

(J/kg) x 10-3 

 Triangular 3 1.8508 5.5524 3 
 Square 3.5 2.2502 7.8757 3.5 
 Improved square 
 without Lorentz force 

0.75 7.0186 5.2640 0.75 

 Improved square with 
 Lorentz force 

1.2 7.0186 8.4785 1.2 

 
 The weight of each lifter model is shown in Table 1. The improved square model is the heaviest. This 
model is a square model with additional magnets. The square model is similar with triangular model with an 
additional side. The square lifter has 21.6 % extra potential energy and 16.7 % energy per weight compared to 
triangular lifter, which can be understood since the square model has an additional side compared to that in 
triangular model. The improved lifter with Lorentz force has an extra 61.1 % potential energy and 61.1 % 
energy per weight than the improved lifter without Lorentz force.  
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 In terms of capability to lift, the square model is better than the triangular one. The square model can lift 3.5 
mm whereas triangular model only 3 mm. When the square model is improved by adding magnetic pairs to be 
able to generate Lorentz force, the capability to lift up is lower than the basic square model. When the Lorentz 
force is activated through the magnetic fields, the height can be improved, from only 0.75 mm to 1.2 mm or 60 
% higher. This clearly indicates that the Lorentz force improves the capability of to lift higher. 
 

 
Fig. 4: Lifting height of three types of lifters (triangular, square, improved square lifter). 
 
 When the lifter moves upward (lift off), air flow is produced. The measured air velocity is depicted in Fig. 
5. This phenomenon is called the ionic wind introduced by (Robinson, 1961), also related to the force by 
(Bahder and Fazi, 2003). The charge released from the corona wire of the ionocraft ionizes the air molecules 
around the corona wire that will create an electric "wind" which is the ionic wind that goes away from the 
corona wire. As the negative electrode which is the aluminum foil has a higher negative charge density and 
higher negative electric field, the positive charge ion cloud of air molecules would move to it. This creates air 
flow downwards. 
 

 
Fig. 5: Air flow velocity of the lifters (m/s). 

 
 The square lifter has a higher air flow velocity than triangular model. The improved lifter with Lorentz 
force shows a slightly higher air flow velocity than improved lifter without Lorentz force. This shows that 
Lorentz force could be incorporated into the ionic lifter to increase the performance of the ionocraft. However, 
the air flow velocity of the improved lifter (with additional magnets) is less than the basic square lifter. This 
indicates that the weight of the magnets significantly loaded the lifter. There could be also air drag because of 
the magnets installed in the improved model. The drag could potentially reduce the downward air velocity. This 
relates to the capacity of the lifter to lift its own weight. 
 The charged air molecules that move downwards push the ionic lifter upwards and give the ionic lifter an 
upward thrust force. This is the cause why the ionic lifter to lift known as Biefeld-Brown effect on the ionic 
lifter. 
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Fig. 6: Force output of the lifter. 
 
 From graph illustrated in Fig. 6, it is noticed that the basic square lifter has an extra force output compared 
to triangular lifter. However, the basic square lifter shows less force per unit weight ratio than the triangular 
model. The improved lifter has an extra force output compares to the basic square lifter. The Lorentz force 
system on the improve lifter contributes to the significant increase in force. The force per weight ratio of 
improved lifter is less than the basic square lifter. This is due to the heavy earth magnets used in the Lorentz 
force system in the improved lifter.  
 Fig. 7 shows that the basic triangular lifter could lift a higher weight in percentage of its own weight 
compares to basic square lifter as it has a lighter weight. The improved Lifter with Lorentz force could not lift 
any additional weight. This is caused by the heavy weight of the improve lifter. The force generated is not 
strong enough to lift anymore additional weight rather than its own weight. 
 

 
Fig. 7: Lifting weight and extra weight loaded. 
 
Conclusions: 
 The improvement of ionic lifter by adding Lorentz force increases the energy output of the lifter that 
subsequently increase the downward air flow velocity so that the lifter can move upward higher. However, in 
order to use Lorentz force, additional magnets should be installed. This additional pair of magnets in small 
ioncraft gives a significant additional weight. The lift off capability of ionocraft will be decreased because the 
extra weight put in the system. 
 The speed of ionic wind represented by the downward air flow velocity in square model is higher than that 
in triangular model. This corresponds with the capacity of the lifter to move upward. The basic square model 
(without additional pair of magnets) can lift higher than the triangular one. 
 This research work suggests that contactless of two materials can be generate by using the ionic wind that 
required high voltage electrical charge. This frictionless condition can be further applied for frictionless bearing 
to transport a material from one location to another without any friction or contact. A silent smooth movement 
could possibly be implemented using this mechanism. This can also be applied in a vacuum condition without 
oxygen and fuel but use battery. 
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