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The experimental  resul ts  of an investigation of the loss in p ressure  when a high-temperature e lec-  
t r ical ly  conducting gas (To ~ 3000~ flows in a cyl indrical  tube with a wall tempera ture  T ~ 1500-2200~ 
in a t r ansver se  magnet ic  field of 10,000 G are  presented.  It is shown that the change in res is tance  when 
the magnetic field is present  is due to the end effect and to an increase  in the coefficient of friction. 

It is well known that a m~gnetic field may affect the flow of an e lect r ical ly  conducting medium in two 
ways:  because of the friction due to deformation of the velocity profile, and by a change in the gas-dynamic  
charac te r i s t i c s  along the length of the channel, due to the action of e lect romagnet ic  forces  on the flow. In 
the case of flow in a channel with cold walls these effects are  difficult to separate  due to the fact  that the 
whole gas -dynamic  picture is determined by intense heat exchange. If the channel is thermal ly  insulated 
to a sufficient extent, i t  becomes possible to es t imate  the contribution of each of these effects .  The purpose 
of this investigation was to set  up a steady-state flow of high-temperature gas in a model with good thermal  
insulation, to measure  the res is tance  of this channel, and to compare the resul ts  obtained with theory.  

The experimental  investigations were made on apparatus consist ing of an e lec t r ic  a rc  hea te r  and a 
cooled sectional  model with a ce ramic  channel consist ing of rings of magnesium oxide. The inner diameter  
of the output electrode of the heater  and of the ce ramic  channel was 4 cm. The model consisted of six sec-  
tions with an overall  length of 90 cm. The part  to be investigated was placed in the gap of a magnetic sys-  
tem. The magnetic field strength B = 104 G. To increase  the e lec t r ica l  conductivity of the gas we added 
an easi ly  ionized material ,  namely, K2CO 3 powder and meta l l ia  potassium. This was added at the input to 
the f i r s t  section of the model. 

The main pa ramete r s  of the flow in the various experiments  lay within the following l imits:  flow rate 
of a i r  G = 55-65 g / sec ,  average  mass tempera ture  of the flow T O = 2900-3300~ rate of flow u = 380-500 
m / s e c ,  wall temperature  T = 1500-2300~ and conductivity a = 1-1.6 mho/sec .  

We measured  the static p ressure  distribution along the length of the channel and the gas -dynamic  
pa rame te r  profiles at the exit f rom the model. The la t ter  was found using a special ly developed cooled 
enthalpy probe [1, 2]. 
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Figure 1 shows the static p ressu re  distribution along the 
length of the channel and the magnetic field distribution. For the 
same p ressu re  at the exit f rom the model the change in the p res -  
sure for B ~ 0 was g rea t e r  than for B = 0. The grea tes t  differ-  
ence between the curves  is observed in the region where the mag- 
netic field is increas ing (the end region). It should be noted that 
in this model there is a change in the boundary condition with re -  
spect  to the wall tempera ture  fin the section 1-2, T0/T ~ 5, while 
in the section 2-7, T0/T ~ 1.5), so that in the initial section of the 
model there is a r ea r r angemen t  of the tempera ture  profile. 
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TABLE 1 

~,m/sec To. ~ =,mho/cr~ ~P' aP~' "~P~' mm water mm water mm water 
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-/ g r R,cm According to additional estimates of the heat flows the thermal stabili- 

zation section occupies 8-12 gauges. 
Fig. 2 

We will try to explain the increase in the pressure drop when 

B ~ 0. As was stated above, the increase in loss may be due to a mag- 

netohydrodynamic end effect and to an increase in friction due to de- 

formation of the velocity profile. 

The pressure losses due to the end effect can be calculated approximately from the relation [3] 

a B~ud 
A pl  = k 

o 2 

where •Pl is the loss in pressure, d is the diameter of the channel, c is the velocity of light, and k is a 

coefficient of proportionality which depends on the fullness of the velocity profile and the manner in which 

the magnetic field dies away in the end section. 

As the fullness of the velocity profile increases the parameter k decreases, and it increases when 
the magnetic field falls very sharply. When the field falls very sharply (abruptly) and the velocity profile 

is uniform, k = 0.135, and if the velocity profile is close to a Poiseuille profile, k = 0.275. To determine 
the degree  of f u l l n e s s  of the ve loc i ty  prof i le  we m e a s u r e d  the prof i le  of the to ta l  p r e s s u r e  in  the output  
s ec t i on  of the channe l  (Fig. 2). The ve loc i ty  prof i le  in  the e x p e r i m e n t s  was l e s s  ful l  (as c o m p a r e d  with a 
u n i f o r m  prof i l e ) ,  and the m a g n e t i c  f ie ld  did not fall  off v e r y  sha rp ly .  T h e s e  ef fec ts  p a r t i a l l y  compensa t e  
one a n o t h e r ,  so we t h e r e f o r e  a s s u m e d  that  k = 0.1o The t h e o r e t i c a l  and e x p e r i m e n t a l  r e s u l t s  a r e  c o m p a r e d  
in  the t ab le .  

We wil l  now e s t i m a t e  the i n c r e a s e  in  ~ (the coef f i c ien t  of f r ic t ion)  when a t r a n s v e r s e  magne t i c  f ie ld  
is  p r e s e n t  u n d e r  ou r  e x p e r i m e n t a l  cond i t ions .  Accord ing  to the va r i ous  s e m i e m p i r i c a l  t heo r i e s  [4] the 
coef f i c ien t  of f r i c t i o n  ~ when the re  is a t r a n s v e r s e  m a g n e t i c  f ield p r e s e n t  should  change c o n s i d e r a b l y .  
F igu re  3 shows the m a n n e r  in  which ;~ changes  a c c o r d i n g  to the va r i ous  t h e o r i e s .  The hatched r eg ion  c o r -  
r e s p o n d s  to the r ange  of v a r i a t i o n  of the p a r a m e t e r s  in our  e x p e r i m e n t .  As can  be s e e n ,  we might  expec t  
an  i n c r e a s e  in  h f r o m  ten to fifty p e r c e n t  in  our  e x p e r i m e n t s .  The fact  tha t  the m a g n e t i c  f ield leads  to a 
c o n s i d e r a b l e  f i l l ing  of the ve loc i ty  prof i le  (and t h e r e f o r e  to an i n c r e a s e  in  ~) was c o n f i r m e d  by the e x p e r i -  
m e n t a l  d e t e r m i n a t i o n  of the prof i le  of the tota l  p r e s s u r e  at the ex i t  f r o m  the channe l .  

The i n c r e a s e  in Ap due to the end ef fec t  and  the i n c r e a s e  in k when the re  is  a magne t i c  f ield p r e s e n t  
a g r e e ,  to a f i r s t  a p p r o x i m a t i o n ,  with the m e a s u r e d  r e s u l t s .  The e s t i m a t e s  made  above show that  the ca l -  
cu la ted  i n c r e a s e  in  the p r e s s u r e  Ap due to the end effect  (Apl ~ 35 m m  water )  and due to the i n c r e a s e  in  
(Ap2 ~ 25 m m  water )  is  e x t r e m e l y  c lose  to the va lue  m e a s u r e d  e x p e r i m e n t a l l y  (Ap ~ 70 m m  water ) .  
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