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Abstract  

In t roduc t ion  
I n  most cases  where use of induction MHD 

genera to r s  with f l u i d  metal  ( ~ i g u r e s  1, 9) 
a s  the  working f l u i d  i s  considered,  a high 
power d e n s i t y  is  requ i red .  Hence the re  i s  
a g r e a t  need f o r  optimizing t h i s  machine, 
and the re fo re  the t y p i c a l  d i f f e r e n c e s  be- 
tween the MHD machine and the  conventional  
asynchrone machine must be taken i n t o  con-
s i d e r a t i o n .  The most i s p o r t a n t  d i f f e r e n c e s  
a r e  : 

1. The gap between i r o n  cores  i n  the MHD 
machine is very l a rge ,  and t h i s  diminishes 
the  power f a c t o r .  

2. Because of the  open cond i t ions  of the 
winding system, end e f f e c t s  occur which 
d iminish the  n e t  power, 

I n  the  following paragraphs proposals a r e  
made t o  minimize the  inf luence of the above 
c h a r a c t e r i s t i c s ,  and some experimental  in-
v e s t i g a t i o n s  a r e  repor ted .  

The Inf luence of the  Large Gap and the  Use 
of Cryogenically Cooled Windings 

Numerical eva lua t ion  of the  machine per- 
formance, based on the d  t e r  i n a t i o n  of the  
impedance of t h e  machinefl,gyr, has shown 
t h a t  the power f a c t o r  cos @ i s  very  low be- 
cause of t h e  low main reac tance)  and t h a t  
unacceptably high ohmic l o s s e s  occur i n  the  
c o i l s  i f  t h e  power dens i ty  is  t o  be accept-  
a b l e .  

A p o s s i b i l i t y  t o  overcome the  r e s u l t i n g  
d i f f i c u l t i e s  is  given by the  use of c  yo- 
gen ics  f o r  cool ing of the c o i l  systemT2. 3 ) .
We can show the  advantages of t h i s  method 
on the graph of the  f a c t o r  w ( ~ i g u r e  2 ) .  
T C  8 -

and hence w is equal  t o  the  r a t i o  of the  
ohmic l o s s e s  i n  the  c o i l s  p lus  the  power of 
the  needed hea t  pump by use  of cryogenic 
cool ing t o  the  l o s s e s  of t h e  Sam achine 
wi th  conventional  winding system 74T.. 

The f a c t o r  w can be diminished down t o  
15% i f  the  temperature of the  c o i l s  is  held 
t o  cryogenic reg ion .  It i s  ev iden t  t h a t  
t h e  most s u i t a b l e  a e r i a l  f o r  the  c o i l s  
would be beryl l ium ?51 a t  70°K. 

Never theless ,  i n  Figures 3, 4, and 5, an 
MHD genera to r  model using aluminum f o r  the  
cryogenic cooled c o i l  system is  compared 
t o  a model of the  same dimensions using a 
convent ional  winding system. The compari- 
son shows t h a t  a cryogenical ly 'cooled 
machine produces a much higher  power with 

b e t t e r  power f a c t o r ;  and i t  has a h igher  
power dens i ty ,  even i f  the  mass and the  
power of the hea t  pump a r e  added. 

The Inf luence of the  End E f f e c t s  and the  
S e l e c t i o n  of Optimal Conductivity 

I n  the  above i n v e s t i g a t i o n  end e f f e c t s  
a r e  no t  taken i n t o  considera t ion,  but  t h i s  
i s  allowed because only the temperature of 
t h e  windings 1s t o  be optimized. But f o r  
t h e  determinat ion of the  r e a l  performance 
of the  machine, the  cons ide ra t ion  of the  
end e f f e c t s  i s  of major importance. A 
complete t h e o r e t i c a l  i n v e s t i g a t i o n  of t h e  
problem based on t h e  two-sided Laplace-
Transf ~ r mi s ,  g iven i n  Reference 6. The 
numerical  eva lua t ion  of t h i s  theory f o r  an 
MKD model of constant  l eng th  L with NaK a s  
the  working f l u i d  leads  t o  the  c u r r e n t  
diagrams o f . F i g u r e s  6 and 7a. 

Comparison of the  performance f o r  p = 2 ,  
p = 4, p = 6 shows t h a t :  
1. The r e a l  performance of the machine 

i s  much d i f f e r e n t  from the  i d e a l  pe r fo r -  
mance (without cons ide ra t ion  of end e f f e c t s )  
f o r  small pole-numbers p, but  neg lec tab le  
f o r  p  g r e a t e r  than 6. 

2. The r e a l  performance has an optimum 
with  p  = 4 (Figure  7 b ) .  (1dea l  performance 
would be optimal f o r  p  = 11) But the  in -  
f luence  of t h e  end e f f e c t s  is  shown t o  be 
a  func t ion  of the  conduc t iv i ty .  So, i f  we 
consider  Hg a s  the working f l u i d  i n  the 
same machine, the  optimum performance is 
found f o r  p  = 2  (Figure  8 ) .  

In Figure  8 the  optimum performance pos-
s i b l e  wi th  NaK ( f o r  p  = 4 )  is  compared t o  
the  optimum performance p o s s i b l e  wi th  Hg 
( f o r  p  = 2) a s  the  working f l u i d  i n  t h e  
same machine. The comparison shows t h a t  
the  performance i n  the  second case  (wi th  
~ g )is b e t t e r .  It is  ev iden t  t h a t  the  b e t -  
t e r  performance i n  t h e  second case i s  due 
t o  t h e  b e t t e r  r a t i o  ~ / a  because p  could 
be se lec ted  p  = 2. But i f  the conduc t iv i ty  
i s  higher,  the  end e f f e c t s  a r e  very s t rong  
f o r  lower va lues  of p , and one f i n d s  t h a t  
i t  must be p  = 4 f o r  the  optimum p e r f o r -  
mance. But f o r  p  = 4 the r a t i o  A/a is 
f o u r  times smal ler  than i n  the f i rs t  case .  
It fol lows t h a t  i n  order  t o  des ign an MHD 
machine wi th  a n  optimal performance, a 
simultaneous op t imiza t ion  of two parameters 
(po le -pa i r  number p  and conduc t iv i ty  of the  
working f l u i d  a )  based on the  above theory 
(References 6 and 7 )  i s  needed. 

Zxperimental F a c i l i t y  and 3 e s u l t s  of Emptx 
Channel Measurements 
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An experimental  MHD conver te r  wi th  Hg a s  
the  working f l u i d  b u i l t  i n  t h e  DVL-Insti- 
t u t e  f o r  Energy Conversion is shown i n  
Figure 9.  The three-phase winding system 
i s  made from copper tubes  so  t h a t  cryo-
genic  cool ing with l i q u i d  n i t r o g e n  is  pos-
s i b l e ,  and .it is  provided t h a t  t h e  wave-
leng th  of the magnetic f i e l d ,  being normally 
h = 0.20 m ,  can be. e a s i l y  changed over t o  
h = 0.40 m .  Some informat ion about t h i s  
machine is given i n  Table 1. U n t i l  the 
p resen t  time, the empty channel measure-
ments include the determinat ion of t h e  
impedance f o r  va r ious  wavelengths and 
numbers of wavelengths and i n v e s t i g a t i o n s  
of the magnetic f i e l d  I n  the  middle plane 
of the channel.  

Table 1 

= 0.40 m o r  0.20 m 
a = 0 .005m 

N = 1080/m 

Some r e s u l t s  of t h e s e  measurements a r e  
t h e  following: 

1. If the  wavelength remains constant ,  
t h e  magnetic r e l a t i o n s  i n  t h e  s h o r t - s t a t o r  
machine do n o t  depend on the  l eng th  of the  
machine ( i . e . ,  on t h e  number of the  ole-
p a i r s  p ) I  

2. If the  l eng th  of the  s h o r t - s t a t o r  r e  
remains constant ,  t h e  reac tance  of the  
machine can be increased by inc reas ing  t h e  
r a t i o  h/a , i . e . ,  by i n c r e a s i n g  t h e  wave- 
length (Figures lea and lobfor = m ,  ' 
But t h e r e  i s  an upper l i m i t  of t h i s  r a t i o  
when the  working f l u i d  i s  i n t e r a c t i n g  i n  
t h e  channe l ,  which must be determined by 
means of t h e  theory of the  end e f f e c t s  
( s e e  preceding s e c t i o n ) .  

3. The f i e l d  d i s t r i b u t i o n  f o r  empty 
channel cond i t ion  i s  shown i n  Figure  11 
f o r  p . =  8, 5 3 and A = 0.20 m.  The t r av -
e l l i n g  wave Z X  = 20 cm) a s  photographed 
f o r  t h r e e  i n s t a n t s  of t h e  polyphase cycle  
and f o r  p  = 8 9  5, 4 is shown i n  Figure  12*. 
It i s  shown thae ,  a s  t h e  wave i s  t r a v e l l i n g ,  
t h e  end, d i s tu rbances  change t h e i r  form bu t  
they do no t  p r a c t i c a l l y  exceed more than a 
wavelength. FuTthermore, they  a r e  the 
same f o r  a l l  l eng ths  of  s h o r t - s t a t o r s  and 
f o r  even o r  odd numbers of po le -pa i r s .  

-	 F
In the  phqtographs of Figure  12  the  o s c i l -  

lograms a r e  shown symmetrical  t o  the  hor i -  
z o n t a l  a x i s  because t h e  Y-display ind ica ted  
the  a .c .  vo l t age  induced i n  the  probe c o i l ,  
and r e c t i f y i n g  was n o t  convenient  o r  d e s i r -
a b l e .  

Conclusions 

Two t y p i c a l  c h a r a c t e r i s t i c s  of the l i n e a r  
induc t ive  MHD machine, the l a rge  gap and 
t h e  s h o r t - s t a t o r ,  h ighly  influence the per-  
formance of the l i m  a r  induction MHD gener-
a t o r  machlne. Cryogenic cooling of the 
c o i l s  is  proposed a s  a means of increas ing 
t h e  power densi ty  of the machine. The end 
e f f e c t s ,  r e s u l t i n g  from the s h o r t - s t a t o r  
condi t ions  of the machine, can be minimized 
by the optimal choice of two parameters: 
wavelength and conduc t i v i t y  of the wor klng 
f  lu id  . 
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Nomenclature 
Be0 -mPuritles 

c hanne 1 height  1 2000 ppm 155 P P ~  
channel width 2 1000 ppm 155 P P ~  
.frequency 3 500 P P ~  155 P P ~  

s"pre* has or 	
4 100 ppm 100 ppm 

t o t a l  length  of the  machine 
conductors'number per u n i t  of 
Length ( i n  the  c o i l s )  
power 
number of pole-pairs  o r  wavelengths 
corresponding t o  the  machine-length L 
s l i p  
temperature ( O R )  

370°K 
vo l tage  
vo l tage  phasor 
phase vol tage 

ohmic component of U 

induc t ive  component of u 
impedance 
reactance 

r a t i o  of the  e f f i c i e n c y  of the  heat  
pump t o  the  e f f i c i e n c y  of the Carnot- 
cyc le  working between T and To 

wavelength 
~ e s l s t i v i t y  a t  temperature T 
conduc t iv i ty  
angle  between and 

Figure 2 

I 
Figure 1 

Fig.  3 	 Current Phaser Location Diagrams 
of an MHD Machine 
( a )  wi th  cryogenical ly  cooled 

windings system a t  20°K 
( b )  with conventional winding system 
The parameter i s  the  s l i p  s .  
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A L =  1.6 m, p =  2 
U 

- -41 
10 A 

Y 

Fig.  6 Current  Phaser Location Diagram 
(parameter: s l i p  s )  f o r  an MHD Machine 

( a )  wi th  the end e f f e c t s  taken i n t o  account 
( inner  diagram) 

( b )  wi thout  cons ide ra t ion  of 
( o u t e r  diagram) 

the  end e f f e c t s  

Fig .  4 Mechanical Power PM and Network 
Power P a s  a Funct ion of the  
S l i p  s $or an MHD Machine 
( a )  wi th  c ryogen ica l ly  cooled 

windings a t  20°K 
( b )  with convent ional  winding 

system. 

- 10 A 

L,= 1.6 m, P = 6 

Fig.  5 Power Fac to r  and E f f i c i e n c y  a s  
Function of the  S l i p  s f o r  an  
MKD Machine 
( a )  with c ryogen ica l ly  cooled 

winding system 
( b )  with convent ional  winding 

system 

a - 10 A 

( a )  wi th  the  end e r f e c t s  taken i n t o  account 
( inner  diagram) 

( b )  without cons ide ra t ion  of  the  end e f f e c t s  
( o u t e r  diagram) 
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pa -2 -with  end e f f e c t s  

~ 3 ;  \, end e f f e c t s ,% ---- without 
a

BB 
f a 

Figure 9 

Fig.  7b Net Power and Eff ic iency  of the 
MHD Machine of Fig.  7a 

4u -with end e f f e c t s  

without end e f f e c t s  

Working fluid Hg, 

Figure  IOa 

Working f l u i d  NaB, 
p = 4  

b'-
Fig.  8 Optimal Current Phaser Diagrams 

f o r  Hg o r  NaK 
Figure 10b 
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P- 4 

Figure 12 

Figure 11 
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