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ELECTRON TEMPERATURE DIFFERENCE IN FLOW CORE
OF AN MHD ACCELERATOR CHANNEL

V. I. Belykh UDC 537,529

The operating characteristics of MHD devices depend on the electrical conductivity of the plasma. Ac-
cordingly, it is important to know how it can be increased, taking into account the design properties of the
materials used.

Generally speaking, as a result of the interaction of the plasma with the electric field the electron tem-
perature is different from that of the ions and neutrals, and since the electrical conductivity of the plasma
depends on the electron temperature, the question of nonequilibrium ionization has aroused considerable in~
terest. In[1-3] an attempt was made to demonstrate, theoretically and experimentally, the presence of non-
equilibrium ionization in an argon plasma seeded with potassium. The nonequilibrium ionization of noble gases
seeded with alkali metal was also investigated in [4, 5].

In [6, 7] the effect of an elevated electron temperature near the surface of an insulator wall was inves-
tigated on the assumption of equilibrium electron concentration across the boundary layer. The equilibrium
concentration was determined from the Saha equation. A similar assumption can be made in relation to the
flow core, i.e., in the undisturbed region of the plasma,

We have investigated the undisturbed region of the plasma with allowance for diffusion and ionization of
the charged particles at various concentrations of the potassium seed in nitrogen. We considered a dense
plasma at a pressure p ~0.1 tech, atm, so that the ion temperature and the temperature of the basic gas may

be taken to be the same.

The following assumptions are made: 1) The plasma is quasineutral; 2) all the plasma components,
except for the electrons, are in thermal equilibrium; 3) there is no magnetic field; the electron temperature
depends on the electric field strength and the current density,

Under these assumptions, theelectric field strength, the particle fluxes,and the electron temperature
are related as follows: : :

j = (De/'fc ’l'Di/ti)Gi G = _].eTe/De: j:‘ = —jeTeDi/riDey ] = ji - jef (1)
Te == T; + cogl¥lv,

where Tg, T, je, ji» De» Dj are the temperatures, fluxes, and diffusion coefficients of the electrons and ions,

respectively,
1/2 1/2 1/2
T m. : T;
D < ( ') y D=t

e = Sy o \m, ~Swo-
sgle Ns_Qes Te s;‘i Nsois

and G, 0,, and v are the electric field strength, the electrical conductivity, and the electron collision frequency
[8]. :

We will use the collision cross sections obtained for nitrogen seeded with potassium [9]. The charged
particle concentration is found from the Saha equation using the electron temperature:
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Using (2), we solved relations (1) on a BESM-~6 computer. The computation procedure reduced to the
following: We specified the electron flux and selected the electron temperature satisfying the electron energy
balance. The results are presented in Figs. 1-3 (T is the static nitrogen temperature, &£ is the seed percent-
age). As may be seen from the graphs, the electric field strength in the undisturbed region of the plasma is
small even at current densities ~50 A/cm?, Tt follows that in MHD devices with an electrode spacing on the
order of 1 cm the potential drop in the layers adjacent to the electrodes considerably exceeds the potential
drop in the undisturbed region.

From the electric field strength versus current density relations it follows that at constant current
density as the seed percentage decreases the electric field strength first remains constant and then begins
to increase, whereas the electron temperature steadily increases with decrease in seed percentage, t is
reasonable to assume that the optimum seed concentration lies between 0.5 and 2,5%.

As follows from the graphs, on the current density range considered (up to 50 A/cm? at a near-optimal
seed concentration the breakaway of the electron temperature from the temperature of the basic gas does not
exceed 2000°K.
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