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COMPUTER MODEL OF THE ZOZ-MHVH.HOZ>W<
ELENBAAS-HELLER EQUATIONY

JENISTA, 1., Prague

Qm:r”hmm.%“ for ow.,m Em:.mﬂnw_ solution is presented of the non-stationary
€ equation in the asymptotic region of a, h i
axial gas supply and stabilized b he di e

- Yy acold wall. The diagrams of stable stationar
Mw~”-”“o~__m pm.o nm.—n—.:p?.&. 9.rn arc discharge being regarded as a non-linear o_mEonﬂ
electrical circuit with a source of electromotive force and resistance. The

transient phenomenon of the formati i
trans mation of the statj i
ignition phase has also been studied. S i sing e epak

?:.:wﬁ_uo mg.:u:m mn.:mi.oum for the description of an arc plasma is the set of the
o equations .S_:nr include the continuity equation, the equation of motion
€ energy equation, the Maxwell equations, Ohm’ .

. . boundary layer approximation
MM“J@ mmﬁwavnorn region of the channel of an arc gas heater (the so-called fully-
e¢'oped arc, when the physical quantities are the functions only of the radial

coordinate r) for such gas flows, when
i ] the Mach number M < 0.3.
conditions the set of MHD equations is reduced o e

mo:ma. equation, which can be written in the cylin
non-dimensional variables, see [5]) as follows :

to the non-stationary Elenbaas-
drical coordinate system (in the

oT 1 . 11
T _ " 198 aT
B = S |fDE + et GYCA L BTG I
with the boundary conditions
T(r=1t)=T (fixed wall temperature) 2
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ar
or

r=0

=0 (the condition of axial symmetry) 3)

and the initial condition (the initial temperature profile)
T(r,t = 0) = To(r). (4)

Here Pr=cyon0/Ao is the Prandtl number, Re = gouoLo/no is the Reynolds
number, T - temperature, E, - the electric field strength in the axis direction of
the discharge channel 2, p(T') - the mass density, ¢,(T) - the specific heat under the
constant pressure, o(T) - the electric conductivity, A(T') - the thermal conductivity,
(T') - the radiative energy emitted per unit volume and unit time.

The equation (1) has been solved numerically by the method of lines. The
space discretization has been performed by the method of finite differences with
the Lagrange polynomial Ly(z) on both equidistant and non-equidistant mesh of
N points over the discharge channel radius. The resulting set of N stiff first-order
differential equations has been solved by the Gear-Hindmarsh algorithm [1]. The
subprogram GEARB [2] has been used. Numerical computations have been carried
out for nitrogen, argon and hydrogen under the atmospheric pressure p = 10°Pa.

Physical results which have been obtained are interesting mainly from the
point of view of the discharge stability. Radial stationary temperature profiles,
enthalpies, current density profiles and current-voltage characteristics have been
calculated for the gases mentioned above and for various discharge channel radii
Ry. ’

Some results of the numerical solution of the equation (1) under the conditions
(2) - (4) are shown in Fig. 1 and Fig. 2. These represent the stationary solutions of
the equation (1) for argon with discharge channel radius Rg = 0.5 cm. The values
of necessary transport and thermodynamic functions o, A, g, ¢p, ¥ were taken from
[3]. The arc discharge in the asymptotic region of an arc gas heater was studied
as a non-linear element of an electrical circuit with the source of the electromotive
force Uy connected in series with the ohmic resistance R, the value of which was
chosen R =20 Q. E, was computed from the equation

E, = MH,\NZ 1 ) A._mv
L(1+ZE [ ordr)

where L is the distance between anode and cathode.

Fig. 1 illustrates the dependence of the electric field strength E, on the temper-
ature Tyzis at the axis of the channel in the stationary state. The curve represents
the set of all stable stationary solutions of the system (1) - (5). The radial sta-
tionary temperature profiles do not exhibit the narrow hot temperature core in the
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ﬁ-om—wuv. state. Argon; the radius of the discharge - Argon; Ry = 0.5 cm; R = 20 b.
NM_ Howﬂob«h 0.5 cm; the external resistance value The points navnﬁnz... the axvoi..
. mental values published in [6].

MMH“. HWMMM Mcw_on“w MMJM“:@EQSE agreement with the numerical solutions of

m.n Fig. 2 the dependence E, vs the total current I is computed (static current-
electric field strength characteristic). For the stable stationary states which are
E@mwunmm. the known Kaufman criterion of stability R + Ry > 0 is valid, where
R, is the differential resistance of plasma. The current-E, characteristic m,oﬁ not
nozg_u. any current jumps in contrast to the same characteristic of nitrogen [5]
The vo:;m. mark the experimentally measured values published in [6). .

The time development of the stationary temperature state from the initial
narrow conductive channel in the axis region (spark ignition model) has also been

studied. Numerical calculations show that a critical temperature exists for a given’

Initial value of E, (computed from (5)) and a given initial temperature profile of a
:mﬁo‘w conductive channel from which the stationary state can develop.

. .Sm. 3 shows the formation of the temperature profile for nitrogen plasma
M.s E.:o for gm. channel radius mo = 1 em. The transport and thermodynamic
::Qmo.:.m for nitrogen were obtained from [7] (under the atmospheric pressure)
The initial condition of temperature was chosen in the form of a Gaussian E.oao.

€2 _ 2

ﬂﬁa_snovaﬁanm.lﬁvava_l & v+5, (6)

S;_w the initial axis nma.nm.vogaﬁ.m Tazis = 8500 K and the .ﬁ_ﬂdvmamnﬁm of the cold
wall 77 = 500 K. The initial temperature profile width was £ = 0.12 cm. During
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Fig. 3. Time formation of the stationary temperature state from a narrow conductive
channel. Nitrogen, electromotive force Uy = 1000 V; external resistance value R = 20.
Curve 1 - initial condition (t=0s);2-t=0.01 ms; 3-t=0.05ms;4-1=0.1 ms; 5 -
t=1ms;6-t=3ms;7-1t=6ms; 8-¢=230ms.
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of E; and I during the formation of the stationary state.

Fig. 4. Time development
Nitrogen.

the first 0.1 ms the temperature in the axis region highly increases to the value
of 14 700 K. The Joule heat produced in this region is transported towards the
cold -wall and passed over to the neighbouring gas. The temperature in the region
near the wall increases during several ms and the stationary temperature profile is

established in about 30 ms.
The time development of E, and I is apparent in Fig. 4. An abrupt change
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of both these quantities takes place during the initial 0.1 ms of the formation of
a hot conductive axial region. The change of E, and 1 is later significantly lower
and develops approximately exponentially.

CONCLUSIONS

We hope that we have demostrated the usefulness of the non-stationary model
for the description of the interaction of an arc discharge with the flowing gas in
the discharge channel of an arc gas heater. We have proved the realizability of
the non-stationary model, the applicability of the Gear-Hindmarsh algorithm for
the time integration of the resulting set of differential equations and the sufficient
accuracy of the generation of the material and thermodynamic functions by means
of simple cubic spline interpolation.

It was shown that stable stationary states for a given working gas can efficiently
be computed with the assistance of the model of the arc discharge considered as
a non-linear element of the electric circuit with electromotive force and resistance.
Within this framework the transient phenomena occurring during the formation of
the stationary state (the ignition process) can also be studied. .
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KOMIIOTEPHAA MOJEJL HECTAIIHOHAPHOTO YPABHEHHA
SJIEHBAAC-XEJIIEPA

PaspaGoran merop HYMEpHIECKOTO DEUIeHEA HECTANMOHAPHOLO YDaBHEHHR ‘OleH-
Gaac-Xemnepa pus acEMNTOTHYeCKOH 067acTH Harpesa Qyrs raj’a C €ro akCHallbHOM HO-
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Ravell m cTabEnEcanBed XONXOTHOM cTeHod. BHIHcHeHH! REArpaMMbi YCTORTHBBIX CTa-
THOHAPHLIX BhpaxeHuH. [lyroBoll paspaj NpefCTaBIeH HETEHEHHBIM dNEXTPAIECKEM DlIe-
MEHTOM C HCTOTHHKOM DIEXTPONBEXYyUieH CHIH B CONpOTHEBIeHHeM. TakxXke maydaercsa
TEPEXOAHOE ABICHHE BOSHUKHOBEHAA CTALHOHAPHOLO COCTOAHEX B NMpomecce SaXHraHus

HCKDHI.
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