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Microwave attenuation in vacuum plume of the

liquid-propellant rocket engine
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Abstract; Themicrowave attenuation-in the vacuum plume-of the liquid-propellant rock-
et engine was studied) Based on a sample of the bipropellant engine, the electron number
densities in"the chamber was calculated using a thermodynamic calculation code. The ioniza-
tion and recombination processes in the-nozzle were simulated under the assumption of frozen
components or limited reaction ‘rate. The electron number densities in the plume and the mi-
crowave attenuation of 5—30GHz were estimated. It is shown that the number densities are
within the range of 10" —10" ecm ™ and 10" —10" em ?, respectively, for the chamber and the
exit of the nozzle. The alkali metals, K and Na, are main contributors of electrons while ClI™ and
OH  are main electron absorber. The attenuation is more serious for the microwave of lower

frequency and oblique path, as high as 4. 5dB in case of 5 GHz.
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Fig. 1 Diagram of ionization process
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Table 1 Ionic reaction and the coefficient of reaction rate constants in the nozzle
o SR 5 2 7 A 8
1 K" +e +M—+K+M Y N 1.5X10 % —3/2
2 Na™+E +M—>+Na+M N N e 0.75X 10" % —3/2
3 K" +Cl" —>+K+Cl gL 1.3%X10°° —1/2
1 K"4+OH —+K-+O0H S 1.3X10°° —1/2
5 Na' 4+ClI” >+Na-+Cl AT 1.3X10°° —1/2
6 Na® +OH —-+Na+OH WA 1.3%X10°° —1/2
7 CIHE +M—>+Cl” +M =R 1.0X10 % —1/2
8 OH+E +M—>+0H +M =ikRgh G 1.0X10 % —1/2
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Table 2 Collision crosses between electrons and neutrals
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Table 3 Electron number densities in

the combustion chamber
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Fig. 3 Number densities of the main ionization product

in the combustion chamber (A7)

IOH

10
1[}]“

nfem™

10%

106

K* Na*

KOH*NaOH' _ O~ 0y «I
HLEGT )

Fa phbeds B B i ) B A8
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(mass fraction of K is 1077)
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