
I N V E S T I G A T I O N  OF T H E  C H A R A C T E R I S T I C S  

OF AN E L E C T R O G A S D Y N A M I C  E N G I N E  

Y u .  S. B o r t n i k o v ,  V.  A.  N e s t e r o v ,  
a n d  I .  B.  R u b a s h o v  

This paper presents  the resul ts  of a theoret ical  and experimental  investigation of an 
e lect rogasdynamic (EGD) engine intended for developing thrust  of a i rcraf t .  Calculated 
relat ions agreeing well with the experimental  data are  obtained. It is shown that the 
effectiveness of an EGD engine can be sufficiently high for pract ical  use. 

N O T A T I O N  

p, p ressure ;  V, gas velocity;  p, gas density; ~, hydraulic loss  coefficient; E, e lect r ic  field strength; 
Pi, charge density; Vi, velocity of charge c a r r i e r s ;  U, potential; j, cur rent  density; ~, dielectr ic  constant; 
b, mobility of charge c a r r i e r s ;  F, a rea ;  R, thrust;  ~?, efficiency. 

During passage of unipolar charges  under the effect of an e lec t r ic  field through a dielectr ic  medium 
{liquid or gas) the charges  interact  with neutral  par t ic les ,  thanks to which the energy of the electr ic  field 
can be t ransformed to kinetic or potential energy of the entire medium. 

At present  there are  a number  of investigations into ion-convection pumps operating on this pr in-  
ciple in which t r ans fe r  of dielectr ic  fluids is accomplished by a corona discharge [1, 2]. The use of the 
"corona wind" in gases  permi ts  creat ing a special engine which can operate in any nonconducting a tmo-  
sphere.  Such an engine can be called e lect rogasdynamic (EGD). Unlike the ion engine the thrust  in the EGD 
engine is crea ted  by accelera t ion of a neutral  working medium {for example, a tmospher ic  gas) by means 
of ions, as a consequence of which it is possible to create  an appreciable impulse sufficient for maintaining 
an a i r c ra f t  in the a tmosphere .  

The scheme of the EGD engine, composed of parallel  elements,  is shown in Fig. 1. An individual 
element consis ts  of two electrodes  1 and 2 having a substantially different curvature {for example, a needle 

and screen),  and nozzle 3. We note that designwise it is more  convenient that 
I J the noncorona electrode and frazzle have elements in common for the group, 
~ ~ ~  as shown in Fig. 1. When a sufficient potential difference is applied on the 
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Fig. 1 

e lectrodes  a corona discharge occurs  between them. The unipolar ions formed 
in the outer region of the corona under the effect of the e lectr ic  field between 
the e lec t rodes  move in the interelectrode space and as a consequence of their  
interact ion with neutral  molecules create a flow of the medium with a certain 
velocity V. The motion of the medium is t r ans formed  to thrust  by means of 
nozzle 3. 

The theoret ical  analysis  of the operation of the EGD engine consists  
in calculating the head-flow and vo l t -ampere  charac te r i s t i cs ,  which are  de- 
termined f rom an examination of the p rocesses  in the outer region of the co-  
rona,  and in a calculation of the thrust  charac te r i s t i cs ,  which are  determined 
f rom an examination of the gas flow in the nozzle.  
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The physical  p rocesses  in the outer region of the corona under conditions of a moving medium can 
be described by means of the general  sys tem of e lec t rogasdynamics  [3]. An analytical solution of such a 
sys tem is difficult. However, an EGD engine is a specific technical device, and for its calculation and p re -  
diction of charac te r i s t i cs  it is desirable to have algebraic  relat ions permit t ing a broad analysis .  Such an 
analysis  by means of numerical  solutions is quite tedious and is not always effective. For  this reason we 
will consider  a quasi-one-dimensional  approximation of the e lectrogasdynamic sys tem of equations with 
the additional assumption of incompressibi l i ty of the working medium, p =const .  This approach proved to 
be effective in solving the analogous problem of the operation of an ion-convection pump; the quas i -one-  
dimensional model of the EGD flow gave a good agreement  with the experimental  data. 

The use of the e lectrogasdynamic sys tem of equations for describing the flow of a compress ible  me-  
dium represents  a certain assumption.  However, a special analysis showed that considerat ion of compres -  
sibility at numbers  M-< 0.7 for actually real ized cases  changes the charac te r i s t i cs  of the EGD flow by not 
more  than 10-15%. With considerat ion of p =const  the general  sys tem of equations in the quas i -one-d imen-  
sional case will have the following form:  

dp  x ~ pl n dV 
d-~z---~ P~ E-{- ~ 2 - - 0 o  - - - - 0  

d ~  - (i) 
d (V@:) d (Ex) P~ 

dx  --0, ~ = V + b E ,  x d x  - -  e 

Solving sys tem (1) by a method analogous to that presented in [2] for the same boundary conditions, 
we obtain the expressions:  

for the vo l t -ampere  charac te r i s t i c  of the corona in a moving medium 

[ -- -L-r ~b W - + - ~  

for the head-flow charac te r i s t i c  of the EGD engine 

for the consumed electr ic  power 

for the useful hydrodynamic power 

Ap=8 L2 -- 2 

N, = g / = ~  ~b "Z- + (2) 

. U ~ . ~I~ 
N --- -ApVff i6v- f f - -~ 2 (3) 

Here U is the voltage at the corona electrode;  L is the space between e lect rodes .  

The stage efficiency of the EGD engine is determined as the rat io of the useful power to the consumed 
power.  Optimizing Nn with respec t  to velocity V, we obtain an expression for the flow velocity V. at which 
the maximum fluid power is provided: 

V, U" ( 2~ ~'/' (4) 
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With cons ide ra t ion  of (4) we obtain f rom (2) and (3) the value of the opt imal  eff iciency of the EGD en-  
gine 

2 Ff 3 ~_ pb~'/~ , .T ~ 

,,, = y L \ y  ~-V-/ t ' l j  

We see f rom this  e x p r e s s i o n  that  the opt imal  value of 7/, depends only on the se t  of p a r a m e t e r s  of 
the working medium pb2/$ and the hydraul ic  r e s i s t a n c e  coeff ic ient  ~. 

To ca lcu la te  the th rus t  c h a r a c t e r i s t i c  we wil l  cons ide r  the fo r ce s  (Fig.  1) acting on nozzle 3. The 
t h ru s t  R, which is d i r ec t ed  opposi te  to the d i rec t ion  of the ve loc i ty ,  i s  de t e rmined  f rom the following ba l -  
ance of fo rces :  

R = p F  - -  p (F - -  F,)  + pVl 'F1 - -  p V ' F  - -  n F ~  (5) 

Taking the p r e s s u r e  at  the nozzle  end face to be equal to the p r e s s u r e  of the ambient  medium,  i .e . ,  
Pi =P0, and denoting p - p 0 = A p ,  we obtain f rom (5) a f t e r  t r a n s f o r m a t i o n s  

R = Fihp -5 pVI~F -- plnE (6) 

Hence, using the Bernoulii equation and the equation of continuity 

pV, ~ = 2Ap + pin, F I V ,  = F V  

we can obtain the dependence of the th rus t  r e f e r r e d  to a unit a r e a  of the ac t ive  zone of the EGD engine F 
on the flow ve loc i ty  in the ac t ive  zone V and magnitude of the head Ap being produced:  

R / pV 2 ~'/~ 
r = T = (3Ap + pin) [.2APT pV ~) -- pin (7) 

Equation (7) p e r m i t s  de termining f r o m  the known heat-f low cha rac t e r i s t i c  (3) the "midsect ion"  thrus t  
of the engine r ,  in which case  the r e l a t ionsh ip  of the d i f fuser  a r e a s  n e c e s s a r y  for  accompl i sh ing  the given 
opera t ing  r e g i m e  is de t e rmined  f rom the re l a t ion  

r~ f pin .~'J, 
F - - \2A/~+pin/  

Substi tuting (4) into (7), we obtain the r e l a t ion  for  the opt imal  th rus t  

2 U ~ 1 g 3~4-t ] 

It follows f rom this  e x p r e s s i o n  that  the opt imal  midsec t ion  th rus t  of the EGD engine is  de te rmined  
mainly  by the quantity U/L ,  i . e . ,  by the r a t i o  of the appl ied  vol tage to the i n t e r e l ec t rode  space .  The value 
of U /L  is l im i t ed  by the region  of ex i s tence  of the corona  with r e s p e c t  to the appl ied  Voltage. The upper  
l imi t  of U /L  c o r r e s p o n d s  to the change of the corona to a s p a r k  breakdown, in which case  opera t ion  of the 
EGD engine is imposs ib l e .  L imi ta t ion  of U/L  means  tha t  a power not g r e a t e r  than a ce r ta in  value d e t e r -  
mined by the breakdown vol tage  can be appl ied  phys ica l ly  pe r  unit act ive su r face .  In connection with th is ,  
the mos t  acceptab le  a tmosphe re  for  opera t ion  of the EGD engine wil l  be gases  with an i n c r e a s e d  densi ty  
and media  containing ha logen- f luor ine  compounds which, as  is known, a r e  d is t inguished by a high breakdown 
vol tage .  We note that  an i n c r e a s e  of densi ty  l eads  to a d e c r e a s e  of the mobi l i ty  of ions and accord ing ly  to 
an i nc rea se  of ~7. 

F igure  2 shows the ca lcu la ted  dependences  of t h rus t  r ,  eff iciency ~?, and ra t io  of appl ied  power R/N 3 
on ve loc i ty  V for opera t ion  of the EGD engine in a i r  under no rma l  condi t ions.  As we see f rom Fig.  2, a l l  
quant i t ies  have max ima  at a ce r t a in  ve loc i ty  and vanish  when V = 0 and when V =Vma x co r respond ing  to a 
ze ro  head Ap =0. 

The leve l  of the c h a r a c t e r i s t i c s  of the EGD engine in a i r  under  no rma l  condit ions is low: 

~] ~ 3%, r~50 N/m 2 

In the a tmosphe re  of Venus, which accord ing  to the l a t e s t  data cons i s t s  of carbon dioxide at a p r e s -  
su re  of about 100 ba r ,  the th rus t  and ~7 of the EGD engine can r e a c h  r e s p e c t i v e l y  

r ~  105 N/m 2 ~] ~ 40% 

This  iS due to the cons ide rab ly  higher  p r e s s u r e  of the working medium of the EGD engine.  
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Figure 3 shows the dependence of the optimal midsection thrust  of the stage of the EGD engine on 
the dielectr ic proper t ies  of the medium - m o r e  exactly, on the rat io of the breakdown voltage to the co r -  
responding interelectrode space U/L.  Figure 3 determines  the design expediency of using the EGD engine 
under various conditions. In par t icular ,  point 1 corresponds  to conditions of the ea r th ' s  a tmosphere,  point 
3 to the Venusian a tmosphere ,  and point 2 to conditions in dielectr ic fluids. 

A flying model of the EGD engine was fabricated and tested to check the theoretical  conclusions. The 
model represented  two parallel  f rames  (area 100 cm 2) fastened together by an insulator to which an ad-  
justable potential difference of the order  of 10-15 kV was supplied. FifW needles spaced 10 mm apa r twere  
attached on the upper f rame perpendicular  to its plane. A metal screen was s t re tched on the lower f rame.  
The holes of the screen served  as a nozzle,  since its c ross  section was less  than the total a rea  of the f rame.  
The operating regime of the EGD engine with respec t  to velocity was regulated by using sc reens  with dif- 
ferent c ross  sections.  

In the experiments  we measured  the vol t -ampere  and thrust  charac te r i s t i cs  of the EGD engine. The 
thrust  was determined on the basis of the weight of the model in reg imes  where the lift was balanced com-  
pletely by the ea r th ' s  gravitational force and the model hung in the air ,  not r is ing and not descending. 

In Fig. 2 the experimental  points are  plotted on the theoretical  curves .  The sa t is factory agreement  
of the theoretical  and experimental  data shows the suitability of the quasi-one-dimensional  theory for ca l -  
culation and prediction of the charac te r i s t i cs  of an EGD engine. 

EGD engines have specific proper t ies  which determine their  area  of use. In the ea r th ' s  a tmosphere  
the EGD engine cannot compete with other types of engines owing to the smal le r  values of ~ and the de- 
velopable midsection thrusts .  However, in the a tmosphere  of planets with a high p res su re  and composition 
of gases  having a high dielectric strength,  the EGD engines are  completely competitive, considering their  
simplici ty,  absence of moving par ts ,  no need for a fuel r e se rve ,  etc. In addition, the EGD engines can be 
used for  t ransport ing par ts  of instruments ,  sensors ,  etc. ,  in dielectr ic  fluids. 
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