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Fig. 1 Schematic diagram of the multistage EHD thruster
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Table 1 Constant parameter

Parameter Value at Value at
= po)(T) (10) 0 km 20 km
p )\ T, Air relative permittivity & 1 1
Ky (m*/(V-s)) R Z R p, (Pa) IS HR L T, Ton diffusion coefficient D/(m?/s) 53x10°  5.3x10°
(K) P& FEBERE, p (Pa) NAMWHEHE, T (K) K Reference ion mobility u/(m¥(V-s))  2x107 2x107
SARFIE . Universal gas constant R/(J/(mol-K)) 8.314 8.314
2.3 EHD3E#HBFHRESH Reference viscosity w,/(N+s/m*) 1.716x10°  1.716x10°
EE 2R P A S TR TR TR Sutherland's constant S/K 111 111
ERA Rl 3 S A B 1 NG R & 3 e RO B R (S D (A E Air density p,,/(kg/m®) 1.225 0.088
B 4 S 2 5 7 2 A 7, 2 A N Standard air density p,/(kg/m®) 1.205 1.205
Static pressure p/Pa 1.013 3x10° 5.529 3x10°
F= fnp‘Ed‘Q (1) Reference pressure p,/Pa 1.013 3x10° 1.013 3x10°
AP F (N)Z EHD #E 7, Q02 5 X 3. Temperature T/K 288.2 216.7
1T EHD HEE 28 O 8CR R Ry 19% A4, Reference pressure T,/K 293 293
VKL 44 0F 5 o 3 R A JEREAT i A SCl i Experimentally constant B Aot o
Table 2 Boundary conditions
Boundary Corona electrode Collector Wall Inlet Outlet
u=0 u=0 u=0 -V u=0 p=0
Equation U=U, U=0 n-D=0 n-D=0 n+D=0
P PogitBE-E,) p.=0 p.=0 p.=0 p.=0
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Table 3 Variables of calculation cases

Variables Case | Case 2 Case 3
Number of stages 1 1 1~5
Altitude H/km 0 20 20
Distances L/mm 10~25 10~25 15
Voltage U /kV 1~100 1~100 6
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90.28% , T LA g R k& M3 J2 58 42 ik 2 11 B0 i
K. LEEHEIE PP M3 MR AT BUE T

Table 4 Grid independence verification

Mesh M1 M2 M3 M4
Grids 15180 42116 81236 177 636
Electric force/mN 88.95 88.89 88.86 88.79
A F1% 0.18 0.10 0.07 0.00
Current of corona electrode/mA  0.532  0.530 0.529  0.528
A J1% 0.75 0.37 0.28 0.00
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Fig.2 Schematic diagram of the calculation model
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Fig.3 Computational grid

(10 HY B (AR 400 45 S HEAT Lh e . T TIE AR B8 il B AR
SPUNER 5 TR MR 280 T PR O km 208, FHAR B
ok 30 KV, BB 3

Table 5 Geometrical dimensions

Geometrical parameter Dimension/mm

TR G 7 B DL RO R B A o3 4 SR oy
P 2,3 B, BAR A 450 RF B &4 Bk LR 1. 3T
SRR TR 1 i SR Ak ¥R P A AN Ak A SHL Al X 3 0] 5
BN AL A A% ST R 81 236,

2.6 ITEERIIE
SN T I U R0 A 0 A o L A S S 5 Sk

Radius corona wire 0.12
Radius of the curvature of the corona wire 150
Radius of the collector (top) 2
Radius of the curvature of the collector 150
Length of the collector 29
Air gap 30
Length of the enclosing box (along z—axis) 2 000
Width of the enclosing box (along r axis) 2 000
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SCHR 25 2R 1 AR X 15 22 43 301 8 4.6% F1 3.7% , W] L) 3G IE
AR SCBUE R, T B A R

3 GRS

3.1 BZRhniEpEERERA R

A A HL 2 I A ) T 2 A 5 T 4 B B
S0 T M B R o T R 2 5 D B S A 1A 6 o
71N B R 37 5 B2 R AR, AT LA B BH B 55 B B B O R 3
PR 58 2 B Aol B 4 DR R A DX Bl A0 % T HL 37 5R E
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(a) Literature results

(b) Calculation results

Fig. 4 Distribution of charge density
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Fig. 5 Distribution of velocity
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Fig. 6 Distribution of electric field (MV/m)

Table 6 Peak voltage of EHD thruster at different altitude

L/mm Voltage at 0 km/kV Voltage at 20 km/kV
10 30 7
15 42 10
20 52 12
25 62 15
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Fig. 7 Distribution of charge density (10 C/m®)
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Table 7 Electric field intensity of collector

(MV/m)

Number of stages

1 -stage thruster

2-stage thruster

3-stage thruster

4-stage thruster

S5—stage thruster

1 2.16 2.98
2 / 2.26
3 / /
4 / /
5 / /

2.98 2.98 2.98
3.07 3.07 3.07
2.26 3.07 3.07
/ 2.26 3.07
/ / 2.26

Table 8 Charge density of corona electrode

(C/m?)

Number of Stages

1-stage thruster

2-stage thruster

3-stage thruster

4-stage thruster

S5-stage thruster

1 0.9x107* 0.9x107 0.9x107° 0.9x107° 0.9x107°
2 / 1.2x107 1.2x107° 1.2x107° 1.2x107
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4 / / / 1.2x107° 1.2x107
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Performance investigation of air-breathing multi-stage
electrohydrodynamic thruster

WANG Chunyan', HUANG Hulin"?, LI Hao', WANG Yanli', CHENG Xiangyu®

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. Laboratory of Aerospace Entry, Descent and Landing Technology, Nanjing University of
Aeronautics and Astronautics, Nanjing 211106, China;

3. Hefei Institute of Physical Science, Chinese Academy of Science, Hefei 231603, China)

Abstract: Air—breathing electrohydrodynamic (EHD) thrusters offer a solution to the issue of limited fuel
for aircraft in space. Researchers typically employ a multi-stage acceleration approach to enhance the thrust of
these thrusters. To identify the performance variation of thrusters under different parameters, the effects of alti-
tude, voltage, electrode spacing and thruster stages on EHD thruster are investigated, by solving the basic EHD
equations to obtain data on the characteristics of discharge, gas flow and propulsion. The results indicate clear
disparities in the performance of thrusters at altitudes of 0 km and 20 km. As the altitude increased, the maxi-
mum voltage that could be supplied to the electrode reduced significantly, resulting in varied reductions in cur-
rent and air velocity. The maximum thrust generated by a single—stage accelerating cavity at 0 km altitude was
18.4 times that at 20 km altitude, and the corresponding thrust—to—power ratio was 3.1 times that at 20 km alti-
tude. The propulsive performance of a multi—stage thruster did not exhibit an algebraic relationship to the propul-
sive performance of single stage accelerating cavities. The interaction between the front and rear electrodes
caused alterations in both the intensity of the electric field and the density of charge, resulting in a hindrance to
the gas movement due to the opposing electric field. When the thruster stage increased from 1 to 5, the overall
thrust increased from 1.7 mN to 6.53 mN, resulting in 3.84 times. Additionally, the thrust—to—power ratio re-
duced from 0.94 N/kW to 0.58 N/kW, representing a reduction of 61.7%.

Key words: Electric propulsion; EHD multi-stage thrusters; Corona; lonic wind; Thrust—to—power ra-
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