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PREDICTION OF THE PLASMA REACTOR EFFICIENCY"

A.REZSTAK?”, Warsaw

A method of predicting the efficiency of a d.c. arc plasmatron, generating an argon
plasma stream, was elaborated. Together with the model of heat exchange in the reaction
chamber and the course of chemical reaction, it mm.UOmmmEn to predict the reactor thermal
efficiency as well as the substrate degree and unit energy cbnsumption. .

O MIPOTHO3UPOBAHHH TEPMMYECKOTIO KIIX
A THA3ZMOXHMHYECKOTO PEAKTOPA

B pa6ote npemnoxen metofi onpepenenns KILJL nnasmMoTpoHa NOCTOSHHOrO TOKa,
paGoTaiomero Ha aprode. Hapsyy ¢ MOJIENIbIO TeNOO6GMeHa M APOTEKAHHUS XHMHIECKOH
peakiuy B PeakTope OKA3an0Ch BOIMOXHBIM onpenennTh TepMudeckuit KT peakropa,
CTENeHL MpeBpallcHMs METaHA B AUECTHICH ¥ BENMYHHY YAenbHOro notpebrenus
IHEPIrHA.

I. INTRODUCTION

Three steps can be distinguished in the process of the acetylene preparation from
methane: generation of a plasma stream ; mixing of the substrate (methane) with
the plasma stream and the course of the chemical reaction of a simultaneous energy
exchange through the reaction chamber walls; rapid cooling (freezing) of the
reaction products. The chemical process in the reaction chamber is affected
decisevely by the energy of the plasma stream and the amount of gas introduced
into the plasmatron [1—3].

The energy of the plasma stream is directly connected with the discharge power
‘and the thermal efficiency of the plasmatron. This indicates that prediction of the
thermal efficiency of the plasmatron by a tentative modelling of the chemical .
process is necessary.

! Contribution presented at the 5th Symposium on Elementary Processes and Chemical Reactions in
Low Temperature Plasma. STIAVNICKE BANE, May 21—25, 1984,
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131



. METHODS AND RESULTS

It was assumed that in the plasmatron, similarly as in the arc discharge, under

static conditions the amount of energy evolved on the electrodes depended on the
discharge current intensity.

For static conditions the energy evolved on the anode E, is equal to [4]:

m>nA<>+e.+~lwl (1

where I is the discharge current intensity, V, the anodic voltage drop, ¢. the
surface potential barrier.

In the plasmatron PL-100 the nozzle-anode is intensively cooled with water. The
formula can be assumed to be represented in the form

m> =ql. ANV

The energy losses of the plasmatron cathode are considerably lower than those for
the anode. Experimental results indicate the relation to exist in the form

Eu=bInl. 3)

For the plasmatron PL-100, in which an argon plasma stream is generated, the
following regression equation describing the heat losses has been obtained on the
basis of experimental data:

E,=0.01031+0.4386InI—1.61. (4)

The equation is valid for the discharge current 100—500 A, the argon consumption
1.5—5 m*/h, the nozzle diameter 3-—10 mm. A correlation between the current
intensity and the potential difference of the electrodes U, the nozzle diameter d,
and the argon consumption G was determined in the form of the so-called
generalized characteristics [5]

Nn
_NWMI& =lgb-p EWI& (5)

where b, B are the empirical coefficients.

After transformation of equation (5) and submitting the coefficient values
(Ig=0.292, 8=0.492) found experimentally we obtain

ma &e.ueuc.e& .
I= A G o9z v Amv

where E, is the energy of the arc discharge in the plasmatron.
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Equations (6) and (4) make it possible to evaluate the thermal efficiency of the

plasmatron

the energy of a plasma stream

E,
Slﬁl.m..u
m_:"mn'Mu.

In Fig. 1 the calculated values of the thermal efficiency of the plasmatron NF-BO
are presented. The calculated relations between arc voltage and power are given in
Fig. 2. The possibility of the prediction of plasmatron efficiency and plasma energy
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Fig. 1. Effect of the argon flow and the discharge power on the thermal efficiency of the plasmatron. a)
diameter of the nozzle-anode — 4 mm ; b) diameter of the nozzle anode — 8 mm.
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Fig. 2. Effect of the power and the argon flow on the voltage. a) diameter of the nozzle-anode — 4 mm;
b) diameter of the nozzle-anode — 8 mm.
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makes it possible, taking into consideration the heat exchange in the reaction
889 2 chamber, to calculate the thermal efficiency of a chemical plasma reactor, the
”m OO 3 . .
o m m ° g ‘ methane conversion degree, and the unit energy consumption.
A For the synthesis of acetylene from methane [6] the calculation involved, solving
00 ° of the equation system (7—13),
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¢ m ¥ 8 T j where T, is the reference temperature, Ti,, Tou the gas temperature at the reaction
chamber inlet and outlet, ¢, the specific heat reaction chamber, u the
283 £ o methane-to-acetylene conversion degree, M the methane flow rate, 7. the
m. ]ee m m c m thermal efficiency of the chemical chamber, Z the unit energy consumption,
. M _— ; x=G/M, and AH, the heat effect of the reaction CH« —» 0.5C;H;+ 1.5H,. In
g NEE | Table 1 a comparison of the predicted and experimental values [1] is given.
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B $& g m | 1ll. DISCUSSION
1 ol IR .
8 M mm, m W M_w In the method of prediction of the plasmatron thermal efficiency and curren-
o St [[ - . - -
m & <1 =1 3 t-voltage characteristics presented above, the effect of pressure in the interelec-
& SEEEaN 53 trode area as well as of the electrode material were not taken into account. In the
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experiments performed the pressure in the interelectrode area did not exceed
2500 hPa; copper-made anodes were used. For 130 experimental results the linear
correlation coefficients equal to 0.877 were obtained between the experimental
and the calculated values of the plasmatron thermal efficiency.

It seems that also the results given in Table 1 indicate a significant correlation
between the experimental and the calculated values.
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