202247 H e o B OAR July 2022

Fa3E BT JOURNAL OF PROPULSION TECHNOLOGY Vol.43 No.7

W SXBEE NSRS EEEHGEHENRR
IhER, EFEF, RKBR, F2R,F W

(PHZEACAR2E AR TARARE, BEPE P 710049)

W B ARSI RAXNBIE B MK EE T L Ak ed Frath o, A 200km #B4KHLiE T
S BWHREEARAER, RITTHDRAANBIEN B AR E LT GBG AFRET, RALT
WEARG By TABEASHAEETNAUARITTH A, IR T RRAXELH, 6B R (R
MEA . AR, HEAR) Avndhofak, KE, RENBALREESHREASARKERES
A F G Ha, RPBRARBBEAFERL ARLESRAE, FAEEREY, ARt Fm i
R EE A AR B RRAE, A et KEMKR AR S E RABEMRE, A AR
Moo PTIZFT 89 10em oty & A 4k 3h R 3t 238 845 FILAT K A 12045 69 /B 46 2R

KW : RAKXNBIEANS; ARKERE; BIKEHIE,; FAXE; EASH

RESES: V43 XERARINAEG . A XEHS: 1001-4055 (2022) 07-200879-09

DOI: 10.13675/j.cnki. tjjs. 200879
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Abstract: In order to analyze the effects of the design of the gas collection device in the passive air-breath-
ing electric thruster on its performance, the design of the gas collection device of the passive air—breathing elec-
tric thruster is carried out based on the application background of the cube star propulsion device in the ultra—low
orbit of 200km. The free molecular flow model based on rarefied gas is used to simulate the air flow in the inlet de-
vice, and the effects of different key parameters on the gas collection efficiency are considered , including geome-
try (parabola, cone, pyramid), area ratio of inlet and outlet, length, smoothness of the inner wall of the inlet,
etc. Meanwhile, the typical parameter model is selected to calculate the internal pressure distribution. The simu-
lation results show that the parabolic inlet has the best focusing effect on the gas in the three shape designs. The
smaller the section ratio of the inlet and outlet, the longer the length and the smoother the inner wall of the inlet,
the better the performance of the inlet is. The 10 ¢m parabolic passive inlet designed in this paper can attain 120
times of atmospheric compression effect.
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Fig. 1 Nishiyama’s parallel design
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Fig.3 Simulation flow chart of TPMC
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Table 1 Comparison of results under diffuse reflection

Efficiency of gas Efficiency of gas

Type of inlets collecting collecting Error/%
(this work)/% (reference)/%
Parabolic 8.96 8.75 2.4
Conical 8.38 8.46 0.9
Pyramidal 8.45 8.35 1.2

Table 2 Comparison of results under specular reflection

Efficiency of gas Efficiency of gas

Type of inlets collecting collecting Error/%
(this work)/% (reference)/%
Parabolic 95.77 94.25 1.6
Conical 26.13 27.06 34
Pyramidal 29.17 26.74 9.0
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Table 3 Simulation results of three types of inlets

Parabolic inlet

Conical inlet Pyramidal inlet

Entrance Inlet
radius/ length/ Efficiency of gas Efficiency of gas Efficiency of gas Efficiency of gas Efficiency of gas Efficiency of gas
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reflection)/% reflection)/% reflection)/% reflection)/% reflection)/% reflection)/%
5 5.0 10.20 6.46 8.32 6.32 10.13 6.38
5 7.5 71.27 7.47 17.90 7.50 17.88 7.58
5 10.0 95.77 8.96 26.13 8.38 29.17 8.45
5 12.5 98.76 10.06 42.98 9.07 42.53 9.07
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Fig.7 Simulation results under specular reflection
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parabolic inlet
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Table 4 Parameters of parabola under different outlet

diameters
Outlet Ordinate of Ordinate of
diameter/em @ °F Parabela outlet/cm focus/cm
1 0.404 0.101 0.619
2 0.417 0.417 0.600
3 0.439 0.988 0.569
4 0.476 1.904 0.525
5 0.533 3.331 0.469
6 0.625 5.625 0.400
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Table 5 Simulation results of different Outlet diameters

Outlet Cross Efficiency of gas Efficiency of gas
diameter/  section  collecting(specular collecting( diffuse
cm ratio reflection ) /% reflection)/%
1 100.00 37.14 2.37
2 25.00 95.77 8.96
3 11.11 99.99 18.32
4 6.25 99.99 29.56
5 4.00 99.99 40.96
6 2.78 99.99 53.49
60
L 50F
o
2
k31
2 4ot
8
& 30
f—
=]
P
2
&
= 1or

1 2 3 4 5 6
Outlet diameter/cm

Fig. 9 Simulation results of different outlet diameters

under diffuse reflection
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Fig. 10 Particle motion in parabolic inlet under specular

reflection
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