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SHOCK TUBE STUDIES OF PIAGmTPCAELY INDUCED IONISZATION 
MW GENERATOR VOLTAGE-CURRENT CRARACTERSSTICS 

B. Zauderer 
General E lec t r i c  Conrpatly 
Space Sciences Laboratory 

Philadelphia, Pa. 

An eqe r imen ta l  inves t igat ion was performed 
of t h e  e l e c t r i c a l  cha rac te r i s t i c s  of various 
segmented electrode NHD generators, operating 
under conditions where magnetically induced 
ionization occurred. The study was conducted 
i n  a high pur i ty  shock tube, 
which a r e  described elsewhere 4he d e t a i l s  of . The differences 
between t h e  electrode assemblies were: the  r a t i o  
of the  electrodes p i tch  t o  channel height, which 
varied from .08 t o  ,9;  t h e  r a t i o  of electrode 
segment n id th  t o  electrode pitch,  whjch var ied  
from .Oh t o  .79; and t h e  mounting of the  elec- 
trodes. For the l a r g e r  r a t i o s  t h e  electrodes 
were f l u s h  mounted with the  channel wall; whereas 
f o r  the  smaller  ra t ioa ,  t he  electrodes ccnsisted 
of ,020" wires mounted I/&"away from t h e  wal l  
and p a r a l l e l  t o  the  wa l l  and magnetic f i e l d  
direction.  The t e s t  gas used i n  t h e  experiments 
was Xenon. I n i t i a l  gas conditions behind t h e  
shock wave were as follows: Gas temperatures 
from 3,000'~ t o  9 5 0 0 ~ ~ ~  ium elec t ron e q u i l i  
densit ies,  n 

e' l d / c c  t o  5 r l&c; equilibrium 
e l e c t r i c a l  conductivity, u , . O l  mhos/meter t o  
h,00O mhos/meter, and o ze, .O1 t o  100. e 

It has been previously reportedL t h a t  con-
duct iv i ty  and ionizat ion increases were observed 
i n  the  MHZ, generator fog i n i t i a l  Xenon gas 
temperatures above 5000 K. In the  upger end 06 
the Xenon gas temperature range, 7000 t o  9500 K, 
t he  r e l a t i v e  conductivjty increase observed could 
be well explained by Lorentz force  compressional 
heating. I n  the  5000 t o  7 0 0 0 ~ ~  temperature range 
the  r e l a t i v e  conductivity increase i n  t h e  genera- 
t o r  was i n  many cases of t h e  order of magnitude 
of 10. However, due t o  t h e  low i n i t i a l  ioniza t ion 
rate,  behind the  shock wave, the  e lec t ron densi ty  
of the  gas entering the  generatcr was f a r  l e s s  
than equilibrium value corresponding t o  t h e  gas 
temperatures. Thus the  f i n a l  e l e c t r i c a l  con-
duct iv i ty  of t h e  gas leaving the  generator as 
measured by various probes corresponded i n  most 
cases to  the  equilibrium value a t  t h e  gas tem- 
perature. However, t he  conductivity deduced 
from the  generator voltage-current cha rac te r i s t i c s  
was always lower than the  conductivity measured 
by conductfvity probes even a t  t he  higher gas 
temperatures. This descrepancy widened as the  
Xenon gas temperature was lowered. Thus a b e t t e r  
understanding was needed of the  operating char- 
a c t e r i s t i c s  of the segmented electrode voltage 
generatcr over a wide range of conductivit ies 
and electron dens i t i e s  and ozls. This study was 
performed using six d i f f e r e n t  generator geometries, 
having t h e  previously mentioned e lec t rode con- 
f igurations.  I n  addition, t o  the  measurements 
of the  Faraday voltages, Hal l  voltages, and the  
current a t  t he  electrodes,  t h e  voltage potent ia ls  
ins ide  t h e  generator were measured by means of 
f loa t ing probes, 

The r e su l t s  obtained can be divided in to  3 
regions which depend 
i n  t h e  MHD generator. 
electrons/  cc and abfqe; 
cc. and l e s s  than 10 electrons/  cc. Above 
10" electrons/cc, t h e  current flow mechanism t o  
the  electrodes was the  cold cathode arc. The 
po ten t i a l  drop of the cathode was i n  the v ic in i ty  
of 10 vo l t s  and the  anode voltage drop was a 
few vo l t s  higher than th i s .  An induced Faraday 
po ten t i a l  greater  than 25 vol ts  was necessary 
f o r  operating t h e  generator i n  t h i s  par t icular  
c ~ e n tmode.15The electron density region of 
10 /cc t o  10 /cc was a t r ans i t ion  region. For 
small applied Faraday potentials ,  almost the  whole 
Faraday potent ia l  appeared as a cathode voltage 
drop. However, r a i s ing  the Faraday potent ia l  t o  
150 - 200 vo l t s  or  applying a ba t t e ry  voltage of 
5'0 vo l t s  i n  the  induced Faraday f i e l d  direction,  
produced a t r ans i t ion  t o  the arc  mode operation. 
It is i n  t h i s  electron density range t h a t  the  
l a rges t  r e l a t i v e  19nization increases were ob- 
served. Below 10 electrons/cc, it was not 
possible with induced Faraday f i e l d s  of 200 volts  
t o  break down the cathode resistance.  However, 
w i t h  applied voltares above 100 vol ts  e i the r  alone 
or  i n  combination with the  Faraday voltage, it 

was poss ib le  t o  break down the cathode resistance 

and obtain very l a rge  conductivjty increases. 


On comparing the  measured f i e l d s  and qurrents 
with the f i n i t e  segmented elgctrode theory , one 
obtains t h e  fp / lowin~  resul ts .  Above an electron 
density of 10 /cc, t he  open c i r c u i t  Faraday 
voltage, UBL, agrees within 80 per cent of the  
theore t i ca l  value. However, a t  very high f i e lds  
(20-30 K gauss) the  measured value of UBL decreases 
t o  50 per cent. However, the  discrepancies can 
be accounted f o r  by considejijng flow and f i e l d  
non-uniformities. Below 1 0  electrons/cc the 
measured Faraday voltage is over a f a c t o r  of 10 
lower than the  theore t ica l  value. This d is -  
crepancy is due t o  the  f i n i t e  impedance of the  
measuring probes which a t  low electron densit ies 
can severly load down the  electrode c i r c u i t .  The 
measured currents agreed f a i r l y  well  with t9e  
theory of t h e  segmented electrode generator 
provided the  sheath voltages a re  subtracted 
from the  induced Faraday potential .  It has been 
ve r i f i ed  from the  current measurements, t h a t  a t  
high w T t h e  electrodes a c t  as one contjnuous 
electrgdg if the  r a t i d  of electrodes width t o  
electrcde p i t ch  i s  greater  than .75. The agree- 
ment between the  theore t ica l  and experimental 
values of the  Hall potent ia l  i s  f a r  from s a t i s -  
f a c t ~ r y . ~ ~ T h efollowing r e s u l t s  havs been obtained. 
Above 10 electrons/cc e l e c t r ~ d e s  mounted flush 
with the wall produced higher Hall potent ia ls  
than those mounted i n  thebody of the  stream. 
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The l a t t e r  e lec t rodes  a r e  probably shor t ing  i n  
t h e  conduct inp plasma between t h e  electrodes and 
t h e  wal l .  For  f l u s h  mounted electrodes,  t h e  
a d j a c e n t  e lec t rode  p a t e  t i n 1  i s  only a f a c t o r  of 9
2 lower  t h a n  t h e  theory compared t o  t h e  f a c t o r  
of 10 d isc repanc ies  f o r  the to ta lHal l  poten t ia l .  
This  discrepancy was no t  observed f o r  t h e  wire 
e l e c t r o d e s .  It is thus  apparent t h a t  shor t ing  of 
t h e  plasma t o  t h e  metal par t  of the  shock tube 
downstream o r  upstream of t MHD channel reduced 
t h e  H a l l  p o t e n t i a l .  Bdm l$a electrons/cc t h e  
low H a l l  vol tage observed can b e  a t t r i b u t e d  t o  
t h e  l a r g e  e lec t rode  sheath res i s tance .  The 
major conclusions of t h e  e lec t rode  s tudy  are: 

( a )  The e lec t rode  boundary l a y e r  r e s i s t a n c e  
a t  low e l e c t r o n  d e n s i t i e s  i s  t h e  con t ro l l ing  
parameter  which limits non-thermal ionizat ion.  
The low Hal l  vo l tage  is a consequence of t h i s  
boundary l a y e r  resis tance.  

(b) I f  t h i s  boundary l a y e r  r e s i s t a n c e  is 
overcome by l a r g e  enough f i e l d s ,  l a r g e  m a g n e t i c a u  
induced i o n i z a t i o n  i n c r e a s e s  occur d e s p i t e  t h e  low 
H a l l  vol tages.  

( c )  Withthe except ion of t h e  Hel l  vo l tages ,  
t h e  f l n i t e  segmented e l e c t r o d e  generator  t h e o r y  
agrees  reasonably w e l l  with experiments. 
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