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EXPERIMENTAL STUDY ON THE EFFECTS OF TRANSVERSALLY 

SHAPED CONFIGURATION OF THE MAGNETIC FIELD 


UPON THE OUTPUT PERFORMANCEOF AN MHD GENERATOR* 


N .  Kayukawa, Y .  Ozawa and Y .  Aoki 
Energy Conversion Research I n s t i t u t e  

Facul ty  of Engineering,  Hokkaido Un ive r s i t y  
K i t a  ku,  K i t a  13 ,  Nishi  8 ,  060 Sapporo, Japan 

Abs t r ac t  e l e c t r o d e  and i n s u l a t o r  w a l l s  made of an a c r y l i c  
r e s i n .  The channel wi thout  t h e s e  b a r s  was a l s o  

E f f e c t s  of applying t h e  t r a n s v e r s a l l y  shaped const ructed  a s  a  model f o r  t h e  convent ional  UFC 
c o n f i g u r a t i o n  of t h e  magnetic field1-2 upon t h e  type  of t h e  MHD gene ra to r .  Two s t e e l  b a r s  w i th in  
ou tpu t  performance of a  Faraday type  MHD genera- t h e  i n s u l a t o r  wa l l s  of t h e  SFC type channel  
t o r  were i n v e s t i g a t e d  exper imenta l ly  by us ing i n t e n s i f y  t h e  magnetic f i e l d  s t r e n g t h  i n  t h e  
shock heated  plasmas seeded wi th  K2CO3. The cen te r  r eg ion  of t h e  channel and t h e  o the r  two 
s t r e n g t h  of t h e  magnetic f i e l d  beyond t h e  boundary b a r s  w i th in  t h e  e l e c t r o d e  w a l l s  sha rp ly  reduce  
l a y e r  r eg ion  of e l e c t r o d e s  was sha rp ly  reduced by t h e  magnetic f i e l d  component Bz which i s  p a r a l l e l  
immersing mi ld  s t e e l  b a r s  b o t h  wi th in  t h e  e l ec -  t o  t h e  e l e c t r o d e  s u r f a c e .  These two s i d e  b a r s  
t r o d e  and i n s u l a t o r  w a l l s  made of an a c r y l i c  produce a t  t h e  same time t h e  magnet ic  f i e l d  
r e s i n  component By normal t o  t h e  e l e c t r o d e  s u r f a c e ,  

which may a l s o  be  e f f e c t i v e  f o r  i nc reas ing  t h e  
It was observed t h a t  t h e  apparent  conduc t iv i ty ,  e f f e c t i v e  conduc t iv i ty  a s  d iscussed i n  t h e  next  

t h e  ou tpu t  power, t h e  e f f e c t i v e  i n t e r n a l  r e s i s t -  s e c t i o n .  
ance and t h e  anode p o t e n t i a l  drops  were markedly 
improved i n  comparison wi th  t hose  of t h e  MHD 11. Brief  D i s c r i p t i o n s  on t h e  E f f e c t s  
gene ra to r  w i t h  t h e  conve r t iona l  uniform d i s t r i b u -  of t h e  SFC 
t i o n  of t h e  magnetic f i e l d .  It could c e r t a i n l y  
be  s a i d t h a t t h e s e  e f f e c t s  were due t o  t h e  reduc- Two e f f e c t s  f o r  reducing t h e  boundary l a y e r  
t i o n  of ~ a l y s  e f f e c t  w i t h i n  t h e  cold  boundary l o s s e s  could be  expected i n  t h e  SFC type  of t h e  
l a y e r s  and a l s o  due  t o  t h e  guiding e f f e c t  f o r  t h e  MHD gene ra to r .  The f i r s t  is t h e  minimization 
ou tpu t  c u r r e n t  toward t h e  e l e c t r o d e  by t h e  t r ans -  e f f e c t  of t h e  nonun i fomi ty  f a c t o r 3  g iven by t h e  
v e r s e  component of t h e  magnetic f i e l d .  equat ion  (1) 

I.  I n t r o d u c t i o n  

The ou tpu t  performance of an open c y c l e  MHD 
gene ra to r  f o r  long d u r a t i o n  ope ra t ions  i s  s e v e r l y  
d e t e r i o r a t e d  by nonuniform e l e c t r i c a l  conduction 
phenomena due t o  H a l l ' s  e f f e c t s  and s t e e p  changes where o i s  t h e  l o c a l  e l e c t r i c a l  conduc t iv i ty ,  

of t h e  conduc t iv i ty  w i th in  boundary layer^.^-^ BZ i s  H a l l ' s  parameter r e l a t i n g  t o  t h e  magnetic 

The improvement of t h e  ou tpu t  power d e n s i t y  f i e l d  component B, and < > is t h e  s p a t i a l  

through t h e  suppress ion of t hese  so-ca l led  bound- average  i n  t h e  d i r e c t i o n  normal t o  t h e  e l e c t r o d e  

a r y  l a y e r  l o s s e s  is  ve ry  impor tant  problems t o  surf  ace .  

be  solved i n  o rde r  t o  reduce  t h e  s i z e  both of Here, i f  t h e  cond i t i on ;  

t h e  MHD gene ra to r  channel and t h e  superconducting 
magnet f o r  a commercial s c a l e  MHD power p l a n t .  

The a u t h o r s  have p r ~ ~ o s e d l - ~  could be  r e a l i z e d  l o c a l l y ,  t henfrom t h e  t h e o r e t i -  
c a l  p o i n t  of view t h a t  reducing t h e  app l i ed  
magnetic f i e l d  s t r e n g t h  i n  t h e  r eg ion  of e l e c t r o d e  
boundary l a y e r s  may be  one of t h e  most e f f e c t i v e  
means f o r  ach iev ing  t h e  above mentioned purposes.  

I n  o rde r  t o  v e r i f y  t h e  a u t h o r s  proposals ,  So t h a t  t h e  nonuniformity f a c t o r  does no 

exper imenta l  i n v e s t i g a t i o n s  were performed i n  t h e  l onge r  depend upon H a l l ' s  e f f e c t .  It can e a s i l y  

p r e s e n t  work. Experiments were c a r r i e d  o u t  by be  shown t h a t  t h e  l o c a l  H a l l ' s  c u r r e n t  d i sappea r s  

employing shock tubes ,  because  i t  was r equ i r ed  completely under t h e  i d e a l  c o n f i g u r a t i o n  of t h e  

t h a t  t r o u b l e s  and d i f f i c u l t i e s  a r i s i n g  from t h e  magnetic f i e l d  given by t h e  equa t ion (2 )  and t h a t  

thermal  damage on probes ,  e l e c t r o d e s  and channel  t h e  output  power d e n s i t y  p  i n c r e a s e s  w i th  t h e  

w a l l s  had t o  be  avoided a s  f a r  a s  p o s s i b l e  f o r  spuare  of t h e  magnetic f i e l d  < B , > ~ ,  being 

t h e  colnparison between t h e  shaped f i e l d  conf igu- i r r e s p e c t i v e  of t h e  e l e c t r o d e  tempera ture  and t h e  

r a t i o n  (SFC) type  and t h e  uni form L i e l d  conf igu-  component B ~ ' .  

rat ion(UFC) 'type of t h e  MHD gene ra to r .  
The shapeh f i e l d  con£ i g u r a t i o n  was approximately The second e f f e c t  is  t h e  improvement of t h e  

r e a l i z e d  by immersing t h e  mi ld  s t e e l  ba r s  w i th  l o c a l  e l e c t r i c a l  conduc t iv i ty  t e n s o r  due  t o  t h e  

a p p r o p r i a t e  c r o s s  s e c t i o n a l  forms each wi th in  t h e  appearance of t h e  magnetic f i e l d  component By 

* A p a r t  of t h i s  work was suppor ted  by t h e  Grant- 
in-Aid f o r  S c i e n t i f c  Research of t h e  Min i s t ry  of 
Educat ion ,  Sc i ence  and C u l t u r e .  13.4.1 19th SEAM, UTSI, TuZZakoma, TN 
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normal t o  t h e  e l e c t r o d e  s u r f a c e .  The conductiv- 
i t y  t enso r  i nc lud ing  H a l l ' s  parameters  B -= l-1By 
and p2 :pBz is given by 

I n  t h e  r eg ion  nea r  e l e c t r o d e  of t h e  SFC type  
channel,  BZ i s  decreased and Sy is increased 
due t o  t h e  i n c l i n a t i o n  of t h e  magnetic l i n e s  of 
f o r c e  a s  shown i n  F igu re  1, s o  t h a t  t h e  e f f ec -  
t i v e  element ayy f o r  a Faraday type  becomes 
much g r e a t e r  than i n  ca se  of t h e  UFC type  channel, 
where By 5 0. 

F igu re  1 Guiding e f f e c t  of t h e  mag- 
n e t i c  f i e l d  component By on t h e  out- 
put  c u r r e n t  near  e l e c t r o d e s  

Such a gu id ing  e f f e c t  of t h e  f i e l d  l i n e s  f o r  
t h e  out-put c u r r e n t  could a l s o  b e  expected each 
i n  t h e  dec l ined7  and t h e  s i d e  w a l l  e lec t rode8 
c o n f i g u r a t i o n s .  

S ince  comparisons among t h e s e  t h r e e  i deas  a r e  
o u t  of t h e  s cope  of t h e  p re sen t  work, we used 
r e c t a n g u l a r  Faraday 's  t ype  channels  w i th  segmented 
f l a t  e l e c t r o d e s  i n  cou r se  of t h e  p re sen t  experi-  
ments, which were  c a r r i e d  ou t  under two d i f f e r e n t  
exper imenta l  cond i t i ons .  

111. D i s c r i p t i o n s  of Experiments 

The Tes t - I  was conducted i n  a shock tube  MHD 
f a c i l i t y  shown i n  F igu re  2 a t  t h e  Tokyo I n s t i t u t e  
of Technology. The d e t a i l s  of t h e  shock tube  
a r e  g iven  i n  r e f .  9. The exper imenta l  cond i t i ons  
a r e  l i s t e d  i n  Tab le  1. 

R. P : Rotaw Vauun Pm 
G : Pressure Cnne 

Figure  2 Emust  -
Shock tube MHD f a c i l i t y  f o r  Test-I  

Shock tube 


High pressure section He 13 atm 
Low pressure section 0 2  15 Torr 
Coal input 0.4 g 
K2CO3 input 0.2 g 

Plasma 


Stagnation gas pressure 2.6 atm 

Stagnation gas temperature 2800 K 

Gas velocity 1062 m/sec 

Mach number 4.5 


External magnetic field 


Flux density 0.50,1.06,1.95 Tesla 


MHD channel 


TYpe Faraday 
Height 7.0x10-~ m 
Width 4 . 0 ~ 1 0 - ~m 
Length 0.45 m 
Electrode pair 21 
Pitch of segmentation 1.0x10-~ m 

Table 1 E x ~ e r i m e n t a lCondi t ion f o r  Test-I 

The working gas was t h e  shock i g n i t e d  c o a l  
combustion plasma seeded wi th  K2C03. The SFC 
type of t h e  Faraday MHD channel w i th  mild s t e e l  
bars  immersed wi th in  four  s i d e  w a l l s  i s  shown in  
Figures 3-(a) and (b) . The magnetic f i e l d  d i s -  
t r i b u t i o n  obtained by t h i s  means is shown i n  
Figure  4 .  

The MHD channel without mild s t e e l  b a r s  was 
a l s o  const ructed  a s  a model f o r  t h e  UFC type  
generator.  The e x t e r n a l l y  appl ied  magnetic f i e l d  
Bext  was same f o r  two channels.  The s p a t i a l l y  
averaged magnetic f i e l d  s t r e n g t h  a c t i n g  on t h e  
plasma i n  t h e  SFC channel was s l i g h t l y  l e s s  than 
t h a t  i n  t h e  UFC channel. This is seen from t h e  
d a t a  of t h e  open c i r c u i t  vo l t age  vs .  Bext shown 
i n  Figure  5. 
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F i g u r e  3-a SFC t y p e  MHD g e n e r a t o r  
c h a n n e l  

F i g u r e  3-b Cross  s e c t i o n  of t h e  SFC t y p e  

MHD c h a n n e l  


F i g u r e  4  D i s t r i b u t i o n  of t h e  magnet ic  f i e l d  
component Bz i n  t h e  SFC t y p e  MHD c h a n n e l  

Twenty p a i r s  of copper  p l a t e  e l e c t r o d e s  w i t h  
t h e  a r e a  7x40 mm2 and t h e  t h i c k n e s s  0.5 mm was 
f i x e d  t o  t h e  two d e c t r o d e  w a l l s  w i t h  a segmenta-
t i o n  p i t c h  1 0  mm. The e l e c t r o d e  h e i g h t  was 70 mm 
and t h e  c r o s s  s e c t i o n a l  a r e a  of  t h e  channel  was 
40 x  70  mm2. 

The o u t p u t  v o l t a g e ,  t h e  c u r r e n t  and t h e  po ten-  
t i a l  d i s t r u b u t i o n  a c r o s s  t h e  c h a n n e l  were measured 
u n d e r  t h e  l o a d  c o n d i t i o n s  e a c h  of  R L = ~ , 50 and m 

ohms, r e s t p e c t i v e l y .  

BEXT Tesla 

F i g u r e  5 Open c i r c u i t  v o l t a g e  

The measured p o t e n t i a l  d i s t r i b u t i o n  i n  t h e  
T e s t - I  exper iment  is shown i n  F i g u r e  6 .  It i s  
t o  be  n o t e d  t h a t  t h e  marked r e d u c t i o n  of  t h e  
anode p o t e n t i a l  d r o p  was r e a l i z e d  a s  a  consequence 
of t h e  SFC t y p e  of  t h e  a p p l i e d  magnet ic  f i e l d .  

F i g u r e  6 P o t e n t i a l  d i s t r i b u t i o n s  e a c h  i n  
t h e  SFC and t h e  UFC t y p e  MHD c h a n n e l s  
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The apparent  conduc t iv i ty ,  which was deduced I t  i s  shown t h a t  t h e  apparent  conduc t iv i ty  
from t h e  measured d a t a  by us ing  t h e  following and t h e  output power dens i ty  have been improved 
equat ion  : by about 50-100 % compared wi th  those  of t h e  

conventional MHD gene ra to r  w i th  a uniform 
magnetic f i e l d  d i s t r i b u t i o n .  

The apparent conduc t iv i ty  under t h e  d i f f u s e  
conduction mode decreases  w i th  i nc reas ing  t h e  
magnetic f i e l d  s t r eng th  i n  t h e  UFC c a s e  and is 

and t h e  output  power d e n s i t y  a r e  shown each i n  	 approximately independent of t h e  f i e l d  s t r e n g t h  
Figure  7 and 8,  r e s p e c t i v e l y .  	 i n  t h e  SFC case  a s  predic ted  by t h e  second 

r e l a t i o n s h i p  of t h e  equat ion  (5 ) .  However, t h e  
measured apparent conduct iv i ty  i n c r e a s e s  a g a i n s t  
the  magnetic f i e l d  s t r e n g t h .  Thus i t  seems t h a t  
t he  present  experiment has  v e r i f i e d  t h e  ef fec-  
t i veness  of t h e  SFC type  of t h e  magnetic f i e l d  
d i s t r i b u t i o n  even f o r  t h e  ca se  of t h e  a r c  mode 
opera t ion .  

Using t h e  shock tube  MHD f a c i l i t y  r e c e n t l y  
introduced a t  Hokkaido Univers i ty  shown i n  
Figure  9 ,  t h e  secnd t e s t  was c a r r i e d  o u t  i n  o rde r  
t o  c o l l e c t  more s u f f i c i e n t  d a t a  of t h e  output  
power and t h e  apparent conduc t iv i ty .  

r-1.0111 4 m e tli1d1Pressure 

r
L 	 I w Y - 7  

Pressure E,y ! U m l  

0 	 0.5 1.0 1.5 2.0 
Sectlrn ' I I 

BEXTTesla 
Figure  7 Apparent conduc t iv i ty  mea- 

sured  each i n  t h e  SFC and the  UFC 

type  MHD channels 


-.r l g u r e  9 Shock tube MHD f a c i l i t y  employed 
f o r  Tes t - I1  

Shock tube 
High pressure section He 1 4  atm 
Low pressure sec t ion  A, 1 5  Torr 
K2C03 0.1 g 

Plasma 
Gas pressure 0.8 atm 
Gas temperature 2500 K 
Gas veloci ty  1 0 7 0  rn/sec 

MHD channel 

Type Faraday
Height 6.0x10-~rn 
Width 2.0~10-2m 
Length 0 . 2 5  m 
Electrode pai r  11 
Segmentation p i tch  1.0x10-~rn 

Table 2 Experiment01 Condition f o r  Test-I I 

Figure  8 Output power d e n s i t y  v s .  t he  ex-
t e r n a l l y  app l i ed  magnetic f i e l d  each i n  t h e  	 Argon seeded with K2C03 powder was used i n  

SFC and t h e  UFC type  MHD channels  	 order  t o  r e a l i z e  an equi l ibr ium plasma wi th  
r e l a t i v e l y  high H a l l ' s  parameter even under 

SEAM #19 (1981), Session: Current Transport II

https://edx.netl.doe.gov/dataset/seam-19


a low magnetic f l u x  d e n s i t y  employed i n  t h e  
Test-11. The gas  was heated  up t o  about 2500 K 
by an  i n c i d e n t  shock.  The exper imenta l  condi- 
t i o n s  a r e  l i s t e d  i n  Table  2 .  

The shaped c o n f i g u r a t i o n  of t h e  magnetic f i e l d  
was r e a l i z e d  by s i m i l a r  method employed i n  t h e  
Tes t - I .  The MHD channel  has  a c r o s s  s e c t i o n a l  
a r e a  of 20 x 60 mm2 and 11 p a i r s  of segmented 
copper p l a t e  e l e c t r o d e s  w i th  t h e  p i t c h  10 mm. 

The s p a t i a l l y  averaged magnet ic  f i e l d  s t r e n g t h  
of t h e  SFC type  channel  was s l i g h t l y  h igher  than 
t h a t  of t h e  UFC type  channel  i n  t h e  c a s e  of 
Test-11. 

The load-power c h a r a c t e r i s t i c s  obta ined from 
two types  of channels  a r e  shown i n  Figure  10 .  

F i g u r e  10 Load-Power c h a r a c t e r i s t i c s  each 
of t h e  SFC and t h e  UFC type  of t h e  MHD gen- 
e r a t o r  

The maximum power d e n s i t i e s  each of t h e  SFC 
t y p e  and t h e  UFC t y p e  channels  a r e  2.95 MW/m3 
and 1.58 I4w/rn3, r e s p e c t i v e l y .  The matching load 
r e s i s t a n c e  f o r  t h e  SFC c a s e  i s  a l s o  reduced by a 
f a c t o r  of about 3 .  The appa ren t  conduc t iv i ty  
c a l c u l a t e d  by equa t ion  (5) is  given i n  Figure  11, 
which a l s o  shows t h a t  t h e  proposed MHD gene ra to r  
e x h i b i t s  a cospicuously  improved performance. 

-
01 ' " '  I I ' II 

1 10 100 1000 
LOAD RESISTANCE OHM 

Figure  11 Apparent conduct iv i ty  each of t he  
SFC and t h e  UFC type MHD genera tor  

I V .  Discuss ions  and Conclusions 

The output  performance of Faraday's type VHD 
gene ra to r  w i t h  a new type  of t h e  applied magnetic 
f i e l d  c o n f i g u r a t i o n  was experimentally inves t i -
ga t ed  by us ing  shock tubes .  It was observed tha t  
t h e  ou tpu t  power, t h e  apparent  conductivity and 
t h e  p o t e n t i a l  drops  a t  t h e  anode were markedly 
improved by a f a c t o r  about 2 both  due t o  reducing 
BZ and i n c r e a s i n g  By i n  t h e  region near elec-
t r o d e s .  

The p re sen t  d a t a  were most ly  obtained under 
t h e  a r c  mode ope ra t ion .  Experimental inves t i -  
g a t i o n s  on t h e  performance of t h e  SFC type MHD 
gene ra to r  under t h e  d i f f u s e  mode and t h e  micro 
a r c  mode a r e  being c a r r i e d  o u t  by a newly 
cons t ruc t ed  l a r g e  shock t u n n e l  MHD f a c i l i t y .  
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