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(Plasma Propulsion Laboratory, Harbin Institute of Technology, Harbin 150001, China)

Abstract: For the purpose to study the problems of plasma beam focusing, like bad spreading state of plas-
ma beam, when krypton is used to replace xenon as the propellant of the electric propulsion, regarding magnet-
ic field parameters, discharge voltage and propellant flow of anode as a single variable respectively, three exper-
imental researches have been carried out to investigate their effects on beam focusing of the thruster. Experiments
was made by the HET — P70 hall thruster to study the effects of magnetic field configuration on krypton thruster
performance by changing the parameters of magnetic field, finally finding that the appropriate field configuration
can form magnetic focusing state, as case 3 of the first experiment, it can make the plume divergence angle to
be 11.5°. And the discharge voltage is 400V, while the propellant flow of anode is 3mg/s at the moment. In addi-
tion, the influencing mechanism of propellant flow of anode and discharge voltage on krypton plasma beam focus-
ing was studied through the second experiment and third experiment, finding the change of two parameters main-
ly changed the location of neutral gas ionization area, then affecting the state of the plasma beam focusing. When
ionization area moved 9% of setting condition outward, the half angle of the plume divergence increased about
12°. Thus the magnetic field configuration and gas ionization position are the important factors that affect the kryp-
ton plasma beam focusing. During the optimization design of krypton hall thruster, they should be given priority.
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Fig. 1 Experimental thruster of HET-P70
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Fig. 4 Comparison of directional ion current density at the near field region of plume flow under different

magnetic configurations in HET-P70
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Fig. 6 Comparison of directional plasma density at the

near region of plume flow at case 1 and case 6
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Fig. 7 Comparison of ionization velocity and

electron temperature under different gas flow rate

in discharge channel

Table 1 Primary parameter of the magnetic configuration in different working condition

Case I,/A Coil current J,,J,,J,/A B,./G VB,,./(G/m) K,/m' Yyl ()
1 4.6 2.8,34,0 226.2 144.7 329 5.20
2 4.41 33,35,0 242.3 155.2 335 2.22
3 42 4.4,3.5,0 264.3 162.2 329 -3.78
4 4.25 4.8,3.5,0 282.5 171.9 31.7 -5.65
5 4.36 5.5,3.6,0 303.0 179.3 314 -8.23
Table 2 Effects of gas flow rate on the magnetic focusing in HET-P70
Case m,/(mg/s) I,/A Coil current J,,J,,J,/A B,./G VB, /(Glem) Oscillation/%
1 32 4.58 4.57,3.5,0 272.4 168.1 15.5
2 3.0 4.2 4.4,35,0 264.3 162.2 8.1
3 2.8 3.9 4.1,3.13,0 247.1 153.0 12.8
4 2.5 3.5 3.5,2.83,0 219.0 136.4 12.9
5 2.0 2.84 25,29,0 196.7 125.1 12.5
6 1.5 2.03 2.6,2.0,0 160.2 98.3 12.2




38 3 ST R A ) A R R SRR S 707

7R R T R EL B H R Y A T A R AR A
e, X T BE 15 29 A s 8l B9 5R 7% 3 DX 9 AR AN
KA K. AU, BEAE FHB <O B 0 IR, T B
0 4R PR B V% R A T W R R R

B 845t T AR B BE 0 BT, fG 3 i R
fth 7 1) 7638 1E N B9 28R Lo X EE S5 SR AT, AN
[ L 00 B T W B0 /Y 22 00 01 A8 G, L i 2 R
i A6 AU A TR 152 B R R O /) B i D £k
WY, WG 92 B IR AR/ AN 18 I 1 1 26 Y
o5 gl A B A e R T 1) X O AR AT B #E
fEE Bt ok TAR KA MER] o (H X BT 20 J AR
BN B0 B B S SR A0l T ) A i I G b 1) Y 22
SRR AR RO, WAL R R AR R R TR T
AR A EE ), X AR T RESR T UKk S HL PR
KB R AR HE RN

Z 100
B !
5 Case 1
< e Case 2 4
e . —— —Case3
2 \ : — - Case4
£ 60t SRR EERRERRE R Case 5 1
2 : : : — Case 6
g \ :
§ bl e
<
g : : > :
2 20tV L Lo LN L
G . .
=}
[}
B b N
:
3 =20 i i i i

-2.0 -1.5 -1.0 -0.5 0.0 0.5

Axial position z/cm

(a) Change of curvature of the magnetic line of force
0

-10

Curve direction y,,

%0 <15 <10 05 00 0.5
Axial position z/cm
(b) Change of curve direction
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Table 3 Effect of discharge voltage in the HET-P70

Case U,V I,/A S/ 1% 005/ (%) ay,/(°) Z,/mm L, /mm
1 420 4.4 12.5 23.7 19.9 0.1 11.9
2 400 4.2 8.3 11.5 10.0 0.9 10.9
3 382 4.3 15.7 334 27.5 0.8 12.6
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