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Abstract 

Two multiple-loading schemes were invest igated 
with a  60' diagonal conducting wall  generator. 
Analysis has shown t h a t  t h e  feed-back coupling 
scheme, where a  common current  re tu rn  path i s  used, 
requires  I >I >-->I , where I i s  the  gener- 

'1 g2 . gn g .  
a t o r  current flowlng between the  i j - 1 ) t h  and j t h  
loads. Disruption of t h i s  pa t te rn  implies "ener- 
gy-sink mode" operation a t  t h a t  loca t ion .  The 
direct-coupling mode operated favorably a s  a  load- 
ing scheme. Changing the  load a t  one sec t ion  does 
not e f f e c t  t h e  operation of o ther  p a r t s  of t h e  
generator. 

Large voltage f luc tua t ions  were observed near 
the e x i t  of the  generator. This f luc tua t ion  is  
caused by severe inter-electrode current  leakage 
rather  than i n s t a b i l i t i e s .  High frequency data  
were obtained which showed a l a r g e  d i f fe rence  i n  
behavior a t  t h e  downstream port ion of the gener- 
a t  or. 

Preliminary r e s u l t s  were obtained on cur ren t  
d i s t r i b u t i o n  on t h e  co l lec t ion  electrodes.  Cur- 
ren t s  a r e  non-uniform, however loading schemes 
have no s i g n i f i c a n t  e f f e c t .  The s p e c i f i c  d i s t r i -  
bution seems t o  be more combustor re la ted  than 
e l e c t r i c a l l y  re la ted .  

I. Introduct ion 

The f l e x i b i l i t y  of t h e  loading scheme on dia- 
gonal conducting wall  (DCW) generator ,  as  shown 
schematically i n  Fig. 1, permits one t o  load t h e  
generator i n  e i t h e r  a  s i n g l e  load (two-terminal 
mode), o r  mult iple  l eve l  configuration. The 
choice of loading scheme depends primarily on t h e  
in te rac t ion  parameter of t h e  generator. For small 
generators, the  plasma proper t ies  and consequent- 
l y ,  the  duct cross-sect ional  a r e a ,  do not vary 
appreciably along t h e  channel. The i n t e r n a l  im- 
pedance f o r  each electrode-volume remains f a i r l y  
uniform along the generator and, there fore ,  a  
s ing le  load i s  adequate. However, f o r  a  l a r g e  
generator, as  w i l l  be encountered i n  c e n t r a l  
power plant  appl icat ion,  t h e  s i t u a t i o n  w i l l  be t o  
the contrary. The impedance match becomes very 
c r i t i c a l  f o r  optimizing the  power output of the  
generator. 

To elaborate  on t h i s  point  f u r t h e r ,  l e t  us 
consider the short  c i r c u i t  current  I of a  DCW 
generator1, 

Is = oAUB(1-As) 3 

* 
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where u is e l e c t r i c a l  conduct ivi ty ,  A the  cross- 
s e c t i o n a l  area,  U the ve loc i ty ,  B the  magnetic in- 
duct ion s t reng th ,  I;2 the Hall  parameter, $ ' i s  the 
d i r e c t i o n  of the e l e c t r i c  f i e l d  (@=O f o r  Hall gen- 
e r a t o r ) ,  and A i s  the dimensionless e f fec t ive  
vo l tage  drop.  he short  c i r c u i t .  currents  corres- 
ponding t o  the entrance and e x i t  regions can be 
approximated by 

where subscr ip t s  1 and 2 r e f e r  t o  the  entrance 
and e x i t  conditions, respect ively.  For typical  
c e n t r a l  power p lan t  conditions, we may have 

The corresponding short  c i r c u i t  currents  r a t i o  be- 
comes 

Is 2 2.72 f o r  constant 45O angle 
- 
Is 2 3.24 f o r  constant 30' angle 

2 4 .45  f o r  30° angle a t  t h e  upstream and 20' 
ang le  a t  the  downstream. 

The generator length t o  mean diameter r a t i o  
remains nearly constant f o r  a l l  s i z e s  of generat- 
o r s  due t o  pressure and f r i c t i o n  losses  along the 
channel.  However, the generator impedance varies  
a s  t h e  length t o  area r a t i o .  Therefore, as  the 
generator  s i z e  increases,  i t s  impedance decreases, 
almost inversely proportional t o  the  generator 
diameter (or  its equivalent) .  One therefore ex- 
pec t s  t o  operate a  l a rge  generator a t  loads (1  
ohm o r  l e s s ) .  The above values of the  short c i r -  
c u i t  cur ren ts  r a t i o  ind ica te  t h a t  t h e  generator 
cannot ca r ry  the  same amount of load current  e f f i -  
c i e n t l y  throughout the e n t i r e  generator length. 
I f  t h e  current  i s  higher than t h e  generator can 
produce a t  any given locat ion,  t h i s  sec t ion  w i l l  
t hen  "absorb" power from other  sect ions and oper- 
a t e  i n  t h e  "energy sink" mode.' On the  other  hand, 
i f  t h e  load current  i s  too low, i n  addition to  the 
mis-matched impedance, an undesirable high Hall 
vo l tage  w i l l  be generated. For commercial MHD 
power p l a n t s ,  the  control  of t h e  generator is ex- 
remely important. Multiple-loading of fe rs  the  
means f o r  such control  as compared to t h e  s ing le  
load  configurat ion.  

11. Analysis 

Two l imi t ing  multiple-load schemes a r e  con- 
s idered  here.  One scheme o f f e r s  maximum in te r -  
a c t i o n  among the  d i f f e r e n t  loads,  while t h e  other  
decouples the  various loads. Other loading scfvrnes 
can be considered a s  intermediate s i t u a t i o n s .  For 
example t h e  multiple-load schemes used i n  the  dia- 
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gonal conducting wall  channels a t  the U-25 f a c i l -  
ity3'' is  a n  intermediate  loading scheme. Prelim- 
inary r e s u l t s 5  were reported previously of t h e  
two loading schemes. One loading scheme has a  
common terminal  a t  t h e  entrance of the  generator  
a s  shown on Fig. 2  along with i t s  equivalent  c i r -  
c u i t .  This  scheme (feed-back coupling) was used 
i n  t h e  ECAS s tud ies6  The o ther  scheme e s s e n t i a l l y  
divides t h e  generator  i n t o  a  number of sub-gener- 
a t o r s  as  shown i n  Fig. 3. Each sec t ion  operates  
very much l i k e  a  single-load generator .  

The generator  current  i n  any s e c t i o n  may be ob- 
t a ined  by solving equation (3) .  

The power output of the generator  is simply 

Rearranging equation (3) ,  we can w r i t e  t h e  exter- 
n a l  load as  following: 

A t  weak t o  moderate i n t e r a c t i o n s ,  t h e  load 
l i n e  of a  generator  i s  l i n e a r .  Therefore, two 
parameters can determine the  c h a r a c t e r i s t i c s  of 
t h e  generator .  In  t h e  equivalent c i r c u i t s  as  
shown i n  Figs.  2(b) and 3(b) ,  t h e  open c i r c u i t  
vol tage,  Vo, and i n t e r n a l  res i s tance ,  Ri, a r e  
chosen a s  t h e  two parameters. 

1. Direct-Coupling Scheme 

As shown i n  Fig. 3 ,  the generator i s  subdivid- 
ed i n t o  n sec t ions .  Each sub-generator resembles 
a s ingle- load generator .  The generator  cur ren t  I 

g and load cur ren t  IL a r e  i d e n t i c a l .  Let Vo , I , 
j  g j  %;, Ri, b e  t h e  open c i r c u i t  vol tage,  generator  

For each generator sec t ion  t o  operate  i n  t h e  gen- 
e r a t o r  mode1, i t  is  necessary t h a t  t h e  r e s i s t i v e  
l o s s  is l e s s  than the  open c i r c u i t  vol tage.  This 
means t h a t  f o r  a l l  sec t ions  we must have 

J J cur ren t ,  load  and impedance of sec t ion  j .  I. j+l 
i s  the  c u r r e n t  flowing between sub-generato&.+, 
j  and j+l .  It i s  c l e a r  t h a t  when Ij ,j+l= 0 f o r  Since t h e  load i s  always p o s i t i v e ,  equation (6) 

requ i res  t h a t  . - 
j  = 1, n-1, t h e  multiple-load reduces t o  t h e  s in -  
g l e  load case .  

From t h e  equivalent  c i r c u i t ,  Fig. 3 ( b ) ,  t h e  
generator cur ren ts  can be w r i t t e n  i n  terms of the  
open c i r c u i t  vol tage,  i n t e r n a l  impedance and t h e  
load a s  

Equation (7) implies t h a t  f o r  each generator sec- 
t i o n  t o  operate i n  the  generator  mode, we must 
have 

s i n c e  

Theore t ica l ly ,  the  maximum power output  t h a t  
can be t rans fe red  t o  the  ex te rna l  loads i s  

n ..2 

On t h e  o ther  hand, i f  equation (6) i s  not sat-  
i s f i e d  everywhere, say the  j t h  s e c t i o n ,  then the  
r e s i s t i v e  l o s s  of the j t h  s e c t i o n  i s  g r e a t e r  than 
open c i r c u i t  voltage. I n  t h i s  case t h e  generator 
opera tes  i n  the  energy-sink mode1 where energy i s  
supplied t o  the  j t h  sec t ion  by o ther  p a r t s  of the 
generator .  Again s ince  the  load i s  p o s i t i v e ,  we 
must have 

IL < 0 (10) 
j 

2. Feedback Coupling Scheme 

This loading scheme a s  shown i n  Fig. 2  is  
charac te r ized  a s  feedback loading s i n c e  s e v e r a l  
feedback pa ths  a r e  provided f o r  t h e  generator 
cur ren t .  A l l  loads a r e  connected e l e c t r i c a l l y  to  
d i f f e r e n t  s e c t i o n s  of the  generator and have a  
common r e t u r n  path. The c h a r a c t e r i s t i c s  of each 
s e c t i o n  depends on t h e  r e s t  of t h e  generator ,  
hence provide maximum in te rac t ion .  The generator  
cur ren ts  can be derived from t h e  equivalent  c i r -  
c u i t  i n  terms of t h e  open c i r c u i t  vo l tage ,  i n t e r -  
n a l  impedance and the  load by using t h e  mesh- 
equation as 

consequently 

Equation (8) implies t h a t  f o r  each generator 
s e c t i o n  t o  operate  i n  t h e  generator  mode, t h e  
generator  cur ren t  i n  each s e c t i o n  must decrease 
sequent ia l ly .  I f  t h i s  p a t t e r n  i s  destroyed a t  a  
s e c t i o n ,  t h a t  sec t ion  w i l l  operate  i n  t h e  energy- 
s i n k  mode. The l i m i t  of t h e  energy-sink mode is 

When t h e  j t h  sec t ion  operates a s  s h o r t  c i r c u i t ,  
thus  
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The cond i t i on  imposed by equa t ion  (8) is q u i t e  
r e s t r i c t i v e .  This cond i t i on  i s  more d e t r i m e n t a l  
i f  t h e  l oad  i s  a l s o  used a s  a  means f o r  c o n t r o l  o f  
t h e  gene ra to r  when l a r g e  v a r i a t i o n  of l oad  may b e  
necessary .  

111. Experimental  Resu l t s  

Both s i n g l e  l oad  and mul t ip l e - load  conf igu ra t -  
ions  were i n v e s t i g a t e d .  I n  t h e  two mul t ip le- load 
schemes d i scussed  i n  t h e  previous  s e c t i o n ,  t h e  
gene ra to r  was loaded i n  f o u r  s e c t i o n s  (n=4). The 
gene ra to r  con ta ins  70 window-frame e l e c t r o d e s .  A 
d e s c r i p t i o n  of t h e  f a c i l i t y  and t h e  gene ra to r  can 
b e  found i n  Ref. 7. The f i r s t  f o u r  and l a s t  fou r  
e l e c t r o d e s  of t h e  gene ra to r  were s h o r t e d  t o g e t h e r  
a s  c o l l e c t i n g  e l e c t r o d e s  f o r  t h e  end connect ions .  
I n  add i t i on ,  e l e c t r o d e s  (18, 1 9 ) ,  (34, 35) and 
(48, 49) were used f o r  c o l l e c t i n g  e l e c t r o d e s  f o r  
t h e  i n t e rmed ia t e  l oads .  The t o t a l  mass f low was 
approximately 1 .45 kg/sec  and combustor p r e s s u r e  
was 4  atm (abso lu t e ) .  The gene ra to r  ope ra t ed  
s u p e r s o n i c a l l y  throughout t h e  e n t i r e  duct .  

1. D i r e c t  Coupling Resu l t s  

Figure  4  shows t h e  H a l l  vo l t age  d i s t r i b u t i o n  
along t h e  gene ra to r  f o r  b o t h  a  16 ohm s i n g l e  l o a d  
and a  d i rec t -coupl ing mul t ip le- load of (4 ,  4 ,  4 ,  
4) ohms. The H a l l  vo l t age  i s  reasonably  l i n e a r  
except  toward t h e  downstream p o r t i o n  of t h e  chan- 
n e l .  The two d i f f e r e n t  l oad ing  schemes genera ted  
comparable power (34.6 kw f o r  s i n g l e  l oad  and 35.6 
kw f o r  m u l t i p l e  l o a d ) .  However, t h e  (2 ,  2 ,  8 ,  4) 
ohm combination (Fig. 5) produced much l e s s  power 
(24.5 kw) w i t h  t h e  same t o t a l  l oad .  The r easons  
f o r  t h e  l a r g e  d i f f e r e n c e  i n  t h e  (2 ,  2,  8 ,  4) ohm 
load and t h e  sma l l  d i f f e r e n c e  i n  t h e  (4 ,  4 ,  4 ,  4) 
ohm load ,  compared wi th  t h e  s i n g l e  l o a d ,  can b e  
e a s i l y  expla ined a s  fo l lows.  As r epo r t ed  i n  Ref. 
5 ,  t h e  gene ra to r  impedance pe r  e l e c t r o d e  was near- 
l y  cons t an t  throughout  t h e  channel .  Consequently,  
t h e  s i n g l e  l oad  and t h e  uni formly d i s t r i b u t e d  
m u l t i p l e  l oad  gave t h e  b e s t  performance. On t h e  
o t h e r  hand, when t h e  impedance is no t  matched, 
l a r g e  deg rada t ion  of t h e  gene ra to r  performance can 
be  expected a s  was shown he re .  

Two m u l t i p l e  load d i s t r i b u t i o n s  a r e  shown on 
Fig .  5 ,  (2 ,  2 ,  8, 4 )  and ( 2 ,  2 ,  4 ,  4 ) .  The H a l l  
vo l t age  d i s t r i b u t i o n  i n  t h e  f i r s t  two s e c t i o n s  ( 2  
ohm each)  a r e  n e a r l y  i d e n t i c a l  f o r  t h e  two config- 
u r a t i o n s  shown. Higher v o l t a g e  was genera ted  i n  
t h e  t h i r d  s e c t i o n  ( 8  ohm) of t h e  f i r s t  configu- 
r a t i o n  compared w i t h  t h e  t h i r d  s e c t i o n  (4 ohm) of 
t h e  second conf igu ra t ion .  I n  t h e  f o u r t h  s e c t i o n ,  
t h e  two conf igu ra t ions  aga in  have t h e  same l o a d  
( 4  ohm). The two H a l l  v o l t a g e s  become p a r a l l e l  t o  
each o the r .  This i n d i c a t e s  t h a t  changing a  l o a d  
i n  one s e c t i o n  does not  e f f e c t  t h e  o p e r a t i o n  of 
o t h e r  s e c t i o n s  i n  t h e  d i r e c t  coupl ing load  scheme. 
This r e s u l t  i s  expected f o r  weak t o  moderate i n t e r -  
a c t i o n s  and/or  f o r  sma l l  l o a d  changes. 

2. Feed-back Coupling Resu l t s  

Due t o  i n s u l a t o r  d e t e r i o r a t i o n ,  on ly  l i m i t e d  
r e s u l t s  were ob ta ined  f o r  t h i s  l oad ing  scheme. 
Fig .  6  shows t h e  H a l l  v o l t a g e  d i s t r i b u t i o n  f o r  
two load ing  d i s t r i b u t i o n s .  For t h e  purpose o f  
comparison, t h e  s i n g l e  l oad  Ha l l  v o l t a g e  d i s t r i -  
bu t ion  i s  a l s o  shown. The e n t r a n c e  r eg ion  oper- 
a t e s  i n  t h e  energy-sink mode. From t h e  a n a l y s i s  
p re sen ted  i n  t h e  l a s t  s e c t i o n ,  we would expect  
t h a t  t h i s  is  due t o  t h e  d i s r u p t i o n  of t h e  decreas-  
i n g  gene ra to r  c u r r e n t  p a t t e r n  r equ i r ed  f o r  t h e  
gene ra to r  mode ope ra t ion ,  t h a t  is 

Th i s  is  indeed t h e  ca se .  For t h e  two load con- 
f i g u r a t i o n s ,  t h e  gene ra to r  c u r r e n t s  a r e  (67.4, 
70.7,  54 .8 ,  40.2 amperes) and (76.3,  78.5, 60 .1 ,  
44.0 amperes) ,  r e s p e c t i v e l y .  

Because only  very l i m i t e d  r e s u l t s  were obta in-  
e d  i n  t h i s  loading scheme, no d e f i n i t e  conclusions 
can b e  drawn. Never theless  t h e  dec reas ing  gener- 
a t o r  c u r r e n t  c r i t e r i a  poses s t r o n g  c o n s t r a i n t s  on 
t h e  g e n e r a t o r  r e s i s t a n c e  a long t h e  duc t .  

3 .  I n t e r - e l e c t r o d e  Voltage F l u c t u a t i o n  

La rge  in t e r - e l ec t rode  v o l t a g e  f l u c t u a t i o n s  
were observed toward t h e  downstream por t ion  of 
t h e  g e n e r a t o r  a s  shown i n  Figs .  4  and 5. These 
f l u c t u a t i o n s  a r e  a s s o c i a t e d  from d e t e r i o r a t i o n  o f  
t h e  i n s u l a t o r .  It is suspected  t h a t  c u r r e n t  leak- 
age  occu r red  t h e r e .  It i s  impor tant  t o  n o t i c e  
t h a t  t h e r e  is  no d e f i n i t e  frequency a s soc i a t ed  
w i t h  t h e s e  f l u c t u a t i o n s .  This  i s  i n  c o n t r a s t  t o  
t h e  i n s t a b i l i t y  r e s u l t s  of Lowenstein and solbess.  
Fur thermore ,  t h e  l a r g e  f l u c t u a t i o n s  a r e  n o t  ob- 
s e rved  i n  t h e  f i r s t  t h r e e  f o u r t h s  o f  t h e  channel. 
However, we expect  t h a t  prolonged ope ra t ion  of 
t h e  g e n e r a t o r  would des t roy  t h e  o t h e r  i n s u l a t o r s  
and e v e n t u a l l y  l a r g e  vo l t age  f l u c t u a t i o n s  would 
e x i s t  throughout  t h e  e n t i r e  gene ra to r  a s  observed 
i n  t h e  AVCO Mark VI ~ h a n n e l . ~  

At t h e  downstream p o r t i o n  o f  t h e  gene ra to r ,  
t h e  H a l l  parameter is high r e s u l t i n g  from lower 
p r e s s u r e ,  and nonuniformi t ies  a r e  l a r g e  due t o  
t h i c k e r  boundary l a y e r s .  These a r e  t h e  f avo rab le  
c o n d i t i o n s  which promote breakdown a s  shown by 
Ol iver1°  . Consequently t h e  i n s u l a t o r s  a r e  under 
more s t r e n u o u s  cond i t i ons  i n  t h e  downstream a r e a  
and f a i l  f i r s t .  The l a r g e  H a l l  v o l t a g e  f luc tu -  
a t i o n s  n e a r  t h e  downstream p o r t i o n  o f  t h e  gener- 
a t o r  a r e  t h e  onse t  of t h e  p r o g r e s s i v e  de t e r io ra -  
t i o n s  o f  t h e  i n s u l a t o r s .  B e t t e r  i n s u l a t o r  mater- 
i a l  and des ign  i s  t h e  most p r e s s i n g  problem f o r  
l o n g  d u r a t i o n  gene ra to r  ope ra t ion .  

4. Cur ren t  D i s t r i b u t i o n  on C o l l e c t i n g  Elec t rodes  

Four e l e c t r o d e s  on each end of t h e  genera tor  
a r e  s h o r t e d  toge the r  a s  c o l l e c t i n g  e l e c t r o d e s .  
F i g s .  7 and 8 show t h e  c u r r e n t  d i s t r i b u t i o n s  f o r  
b o t h  s i n g l e  and m u l t i p l e  l oad  con f igu ra t ions .  
The c u r r e n t  d i s t r i b u t i o n s  a r e  h igh ly  nonuniform. 
The t y p e  of l oad ing  does n o t  seem t o  s i g n i f i c a n t -  
l y  e f f e c t  t h e  d i s t r i b u t i o n .  F i g s .  7  and 8  do not  
show any s i m i l a r i t y  a t  a l l .  However a  d e f i n i t e  
p a t t e r n  i s  followed f o r  each of t h e  f i g u r e s .  This 
d e f i n i t e  p a t t e r n  may be  combustor r e l a t e d .  I n  
F ig .  7 ,  b o t h  an upstream and downstream c o n i c a l  
combustor p i e c e s  were used i n  con junc t ion  wi th  
t h e  c y l i n d r i c a l  main combustor. Only a  down- 
s t r eam c o n i c a l  p i e c e  was used f o r  Fig .  8. This 
combustor con f igu ra t ion  i s  n o t  d e s i r a b l e  s i n c e  a  
l a r g e  p o r t i o n  of t h e  gene ra to r  o p e r a t e d  i n  t h e  
energy s i n k  mode a s  shown i n  Fig .  6 .  The poor 
performance is l i k e l y  due t o  lower e l e c t r i c a l  
c o n d u c t i v i t y  and h ighe r  n o n u n i f o m i t i e s  r e s u l t i n g  
from poor  mixing and p o s s i b l e  l a r g e  edd ie s .  

5 .  F l u c t u a t i o n s  i n  E l e c t r i c a l  Parameters  

The exper imenta l  program i n c l u d e s  t h e  acqui-  
s i t i o n  and a n a l y s i s  of d a t a  p r o p o r t a t i o n  t o  f l u c t -  
u a t  i o n s  i n  e l e c t r i c a l  parameters  i n  t h e  gene ra to r  
up t o  a  f requency of 37.5 k i l o h e r t z  a s  w e l l  a s  
t h e i r  conven t iona l  mean va lues .  T h i s  d a t a  i s  

SEAM #16 (1977), Session: Combustion Gas MHD Generators

https://edx.netl.doe.gov/dataset/seam-16


used t o  study t h e  dynamics of t h e  MHD process  and 
t o  provide information concerning t h e  i n t e r a c t i o n s  
between parameters i n  t h e  generator. A maximum of 
fourteen parameters can be  s tud ied  f o r  any given 
run. 

The f l u c t u a t i o n s  i n  t h e  d i f f e r e n t i a l  vol tages 
i n  a  DCW generaor w i t h  a  s i n g l e  e x t e r n a l  load a r e  
influenced by t h r e e  f a c t o r s ;  e lec t rode  sur face  
e f f e c t s ,  non-uniformities i n  t h e  combustion plasma, 
and t h e  i n t e r a c t i o n  between t h e  lasma non-uni- 
fo rmi t ies  and t h e  WHD process. "'The i n i t i a l  
mul t ip le  load t e s t s  i n d i c a t e  t h a t  no d r a s t i c  change 
i n  t h e  b a s i c  c h a r a c t e r i s t i c s  of these f l u c t u a t i o n s  
occur f o r  m u l t i p l e  load a s  compared t o  t h e  s i n g l e  
load case. There a r e ,  however, observat ions wor- 
thy  of mention. 

The important c h a r a c t e r i s t i c s  of f l u c t u a t i n g  
da ta  a r e  obtained by appeal  t o  random process  
theory. The f l u c t u a t i o n  da ta  f o r  t h e  mul t ip le  
load t e s t s  a r e  analyzed i n  terms of p r o b a b i l i t i e s  
funct ions,  c o r r e l a t i o n  funct ion,  power s p e c t r a l  
dens i ty  funct ions a s  defined by Parzen. l3 

F i r s t ,  t h e  magnitude of t h e  f l u c t u a t i o n s  with 
respec t  to  t h e  average values is  discussed.  It 
was found t h a t  t h e  f l u c t u a t i o n  i n t e n s i t y  of load 
current  defined by t h e  r a t i o  of t h e  rms t o  mean 
value, q<12> - < I >2 

YI = < I >  

increases a s  t h e  mean value decreases. The pre- 
sence of l a r g e  non-uniformities i n  t h e  plasma 
e f f e c t i v e l y  reduces t h e  conduct ivi ty  and t h e  power 
generated is  t h e r e f o r e  reduced. The f l u c t u a t i o n  
i n t e n s i t y  behavior is i l l u s t r a t e d  i n  Fig. 9  f o r  a  
generator  load  c u r r e n t .  A s i m i l a r  c h a r a c t e r i s t i c  
is  observed f o r  vol tages i n  t h e  generator .  

For t h e  m u l t i p l e  load t e s t s ,  t h e r e  were four  
co l lec t ion  e lec t rodes  a t  the  ends of t h e  generator 
but a t  po in t s  w i t h i n  t h e  generator only two e l e c t -  
rodes were used. The frequency d i s t r i b u t i o n  of 
t h e  f l u c t u a t i o n s  f o r  two load cur ren ts  is shown i n  
Fig. 10 ;  one i s  an end cur ren t ,  IE, and t h e  o ther  
i s  a  c e n t e r  cur ren t ,  ID. There i s  a s t r i k i n g  
d i f fe rence  between these  two funct ions.  The cur- 
r e n t  c o l l e c t e d  a t  two e lec t rodes  has a  much higher 
frequency conten t  than does t h e  end cur ren t  collect 
ed a t  four  e lec t rodes .  The implicat ion here  is  
t h a t  t h e r e  is a s t r o n g  dependence on e lec t rode  sur- 
f a c e  e f f e c t s .  The low frequency behavior of t h e  
end cur ren t  IE is  shown i n  Fig. 11. The s p e c t r a l  
densi ty  below 100 t o  200 her tz  i s  much t h e  same 
f o r  both t h e  two-electrode and four-electrode 
cur ren t  c o l l e c t i o n .  

The c o r r e l a t i o n  funct ions and s p e c t r a l  densi- 
t i e s  of vo l tages  i n  t h e  generator  a r e  not  d r a s t i -  
c a l l y  d i f f e r e n t  than have been observed previously. 
No l a r g e  changes i n  behavior were observed a s  a  
r e s u l t  of using t h e  mul t ip le  loads r a t h e r  than a  
s i n g l e  load.  However, more d a t a  is necessary be- 
f o r e  f i rm conclusions can be drawn. The s p e c t r a l  
d e n s i t i e s  of a  d i f f e r e n t i a l  vol tage,  t h e  vo l tage  
between e l e c t r o d e s  26 and 27, f o r  both loading 
schemes is shown i n  Fig. 12. The d i f fe rences  ob- 
served a r e  a  func t ion  of combustor performance 
and leakage e f f e c t s  . 

In  t h e  case of feed-back coupled load ,  t h e r e  
were l a r g e  combustion f l u c t u a t i o n s  ev iden t  i n  t h e  
very low frequency range (<lo0 h e r t z )  of t h e  spec- 
t r a l  dens i ty  func t ion  of t h i s  vol tage.  There was 
a l s o  excessive leakage evidenced by t h e  l a r g e  COP 

t r i b u t i o n  i n  t h e  range about 1 k i l o h e r t z .  The 

second s p e c t r a l  density shown i n  t h i s  f igure ,  f o r  
t h e  d i r e c t  coupled mode, i s  more c h a r a c t e r i s t i c  of 
reasonable plasma uniformity condit ions a s  wel l  a s  
adequate insu la t ion  between e lec t rodes .  

I V .  Conclusions 

The two loading schemes t h a t  a r e  inves t iga ted  
here  can be  considered as  two l i m i t i n g  cases .  The 
feed-back coupling provides t h e  maximum interact ion 
among t h e  d i f fe ren t  loading sec t ions .  Whereas the 
direct-coupling scheme is  t h e  minimum i n t e r a c t i n g  
scheme. I n  f a c t ,  i n  t h e  d i r e c t  coupling method, 
each loading sect ion operates  very much l i k e  an 
independent sub-generator. Changing load i n  one 
s e c t i o n  does not e f f e c t  t h e  operat ion of t h e  o ther  
s e c t i o n s  a s  shown i n  Fig. 5. I f  t h e  load is a l so  
used a s  a  control  device, t h e  decoupling of t h e  
load i n  each sect ion may be t h e  most important 
fea ture .  A 1 1  other  types of loading,  f o r  diagonal 
conducting wall  generators ,  can be considered as 
v a r i a t i o n s  of these two l i m i t i n g  cases. 

The l imited r e s u l t s  obtained i n  t h e  feed-back 
coupling scheme makes i t  d i f f i c u l t  t o  draw defirjlte 
conclusions. Nevertheless one would expect t h i s  
scheme t o  be d i f f i c u l t  t o  apply because a l l  of the  
load sec t ions  a r e  in te rac t ing .  

Large f luc tua t ions  i n  Hal l  vol tage toward the  
downstream end of the  generator  is r e l a t e d  t o  the 
i n s u l a t o r  de te r io ra t ion  r a t h e r  than i n s t a b i l i t y  
r e s u l t i n g  from a r c  mode emission.' Consequently, 
t h e  i n s u l a t o r  i s  the most se r ious  problem i n  l i m i t -  
i ng  prolonged operation of t h e  generator .  

The current  d i s t r i b u t i o n  on t h e  c o l l e c t i o n  
e lec t rodes  does not depend on t h e  loading schemes. 
However, t h e  s p e c i f i c  d i s t r i b u t i o n  may be s t rongly 
inf luenced by the  non-uniformities of t h e  combust- 
i o n  gases. Therefore t h e  f l u i d  mechanics aspect 
of t h e  combustor operation may be more important 
than expected. 

Analysis of high frequency f luc tua t ions  i n  elec- 
t r i c a l  parameters have shown l i t t l e  d i f fe rence  be- 
tween s i n g l e  load and mul t ip le  load scheme. 
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R I 

Figure 1. Schematic of Diagonal conducting 
Wall (DCW) Generator Channel, 
Ey/Ex = tan B = $ 

1- - --- -- - -L-----l 

(b) Equivalent Circuit 

Figure 2.  Schematic Diagram o f  a DCW Generator w i t h  Multiple-Laad 
Feedback Coupling and Its Equivalent CIrcuit 

Pigurc 3. Dircct-Coupling Loading Scheme nnd Its 
Equivalent Circuit 
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Figure 7. C u r r e n t  D l s t r i h u t i o n  on Collection E l o c i r o d e s  
(Single l o a d  and direcc raupli13g l o a d )  
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Fig,urc C. C u r r r n e  Dintriburion of Collecting Elrcrrodcs 
( S i n ~ l c  l o d d  and feed-back coupl inp,  l o a d )  
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€igure 9. Fluctuation 
~ ~ t ~ ~ ~ i t y  of L o a d  Current 
vs. Load Current. 
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FIGURC 10, SPECTRAL DEI:SI rY OF THE LOAD CURRENT FROM TWO 

COLLECTlOll ELECTRODES AND FROM FOUR COLLECTION 
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FIGURE 11. sp~CRR"2lb'E'~'sI"i'Y"~o'F LOAD cuRR:NT, IE, 

AT Lorn FREOUEIICY. 
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FIGURE 12, SPECTRAL DENSITY OF THE VOLTAGE BETWEEN 

ELECTRODES 26 AKD 27 FOR BOTH IIULTIPLL 
LOAD SCHEMES, 
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