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Operational Characteristics of an Iodine Propellant
Feed System for Electric Propulsion
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(Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, Lanzhou 730000, China)

Abstract The paper aims to study an iodine propellant feed system for electric propulsion. Firstly,
comparisons of different previous design schemes are carried out, and a design scheme consisting of an iodine
reservoir, a Bang-Bang controller, and a thermal throttle is proposed. Then, a simulation model is established using
AMESim software to describe the design scheme, and the simulation results and the experimental data are
compared. Finally, the effects of the inlet pressure of the thermal throttle and the temperature of the gaseous iodine
in the thermal throttle on the flow rate of the gaseous iodine are studied. The operational performance of the Bang-
Bang controller and the thermal throttle, and the effect of temperature in the iodine reservoir are analyzed. The
results show that if the output flow rate of the gaseous iodine is 0.2 mg/s—3 mg/s with an error of £10%, the inlet
pressure error of the thermal throttle must be +50 Pa, or the temperature error of the gaseous iodine must be +15 K;
if the high and low threshold pressures of the Bang-Bang controller are changed, the flow rate of the gaseous iodine
can be various from 0.2 mg/s to 3 mg/s discontinuously, and the errors of the most output flow rate of the gaseous
iodine are less than +£10%. In addition, the output flow rate has an accuracy of £10% when the temperature change
in the iodine reservoir is £5 K. It is indicated that the design scheme can reduce the difficulty of temperature control
in the iodine reservoir and further improve the accuracy of the output flow rate of the gaseous iodine.

Keywords Electric propulsion, lodine propellant, Feed system, Operational characteristic, Simulation
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Fig. 1 Vapor pressure curves for molecular iodine (1)

— P AT RERE 9 1, Bang-Bang 15 i #5345 4 1T, 7Y
BRI BRI B % . il 2 PR, It R ¢
F L LT RE | Bang-Bang $5 i #5% . P RAS 2 AN
FOILOE™ 8 B 3801 i A 1 S IO 7 A — o T B AR LAY
FE R, X B 5 P9 R 2 SRS i, 7E — 2 Y R N U
ShRIAT . Bang-Bang il &% tH P FLE 16 (A Fl B) |
—MNINRIE(C) L =AM R(D) . — R R
v (B)AH A, Q& 3 PR o 38 3 WO A~ L 1 ) 28 35 T
XK, BN /INAS T G 2Dt T T 388 v T SR RS ik &)
SRR DY, e 258 BIRS A 15 1 2% v SO R 1
Hw o 55l B 4i4s, & 205 6 R
PIAE R o 2 HE R 40 b & B 00 i 42 B N A 18

iodine
reservoir

thermal
throttle

Bang-Bang
controller

outlet

control
software

B2 TR R S R B

Fig.2 Schematic illustration of the proposed iodine propellant
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Fig.3 Schematic illustration of the Bang-Bang controller
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Tab. 1 Main parameters of the AMESim model
parameter value
temperature of iodine reservoir/K 353.15-373.15
pressure of iodine reservoir/Pa 2160-6060
inlet pressure of thermal throttle/Pa 1000-4000
gaseous iodine temperature
. 348.15-378.15
in thermal throttle/K
dimension of thermal throttle/mm @0.5%8.6
pressure of vacuum chamber/Pa 0
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Tab.2 Comparisons between experimental data and simulated
results for gaseous iodine mass flow rate in the thermal
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W 2R BEATE109% iR 22 P ], 7652/ B I i mi=0.2

mg/s I, AJE A 1000 Pat50 Pa ol /< 25 ML iR

A 363.15 K£15 K; 7EH K 2 =3 mg/s T, AL

J& 3703 4000 Pa170 Pa B¢ Al B O 373.15 K=+

15 Ko Al LU, Bl i e ot i) RS i A i

N, PRI O ) AR A AR RS S i

FIRY 246 X 15 22 186 R, ELURE X 35 22 i/ s AR I R A

A A5 25 LB 6 U ) 4 X 10 25 3 K, (ELAFT G 2

FEREARATE

T H, PR Ak 2R 0 A O R e A

YR 2R, B, 78 0.2 mg/s—3 mg/s A AL

L N, A SEE10% A RS R, TR A A K

F 3R 255 <+50 Pa sl A MR IR 227 <+15 K.

TR TR TR AR H AR, AR SEPR R ]

RERS 2 2y 1Y S 2 K 42K B2, TR i A A 1

Fe 3474 — RE 3R i R 2l HLI 0K B AR, Ak,

X AR SR TR AR I R G, M A TR

TP A D IR i .



% 7 W AR AR 5 — PR T T s I 2 5 T ARSI 5T 605
3.3 Bang-Bang 1=HI25 TIE4F 1% (@) 2400
W LY BB 3L R Sy 353.15 K, WA R Y T 2000 -
J1°4 2160 Pa. Bang-Bang ¥ ifill %% 09 /& 1 #5l -F
BR43- 312 1050 Pa 11 950 Pa. #4745 i F L i 5 000
363.15 K, 7£ Bang-Bang il #8 1, B¢, RFF/INR %1200 L .
FEHPGATU V) A, U5 AL (VD) ik s00 W IR
A5 LU, /N R o ORI 5 25 L R U jggg ﬂ
K, BWE W AR AZE . 76D LIRS B0 T JF 400
JEIESY . ol L Mo e, s
7O T 2 G TAE R N 2 N T 0 200 40([)/S 600 800 1000
4. G TR, NN ENRIRES ®) 2400
2160 Pa Z [i] |- N 3 sh 8K 5 PR A 5] 1050 Pa, 44
Je IR B sh A . E—AEN, BT 2000
A A, AR E S Bang-Bang 51l 25 1) 5 1600 |
FE i 1 PR (1050 Pa) 2z 18 FEAR 245 1 T FR (950 Pa); £ 1200l
TEHLRER A T, B B G, SRR P = — 1
TP P9 R A 2 TR HL R A SC AT, FL G B FTF 800 -
B, AEAR PR B 5 —(E (KT 950 Pa); HLRE IR ZE 200l MWL
BT XRS5 1050 Pa. btk
M 7(a) FIE 7(0) AT LR T, FE/ VAR A O 0 20 40 600 800 1000
H—E I IR, B %5 28 wh S04 A RN K, 727 oS
AT N B B B hn, AN 1050 Pa [ 3 950 (©) 2400
Pa FIFIHIAE A . AP 7(b) FIIE] 7(c) Tl LI Y, Bl ool I
E /NG SO 2R BV A, LR G L
(B 55 1 7(a) A B ), e A4 JE YT P A0 3 sl v 8k 1600 -
W/NE] 1Yk, M 1050 Pa F| 950 Pa 1 [ [ ) 6] 5 £ 1200}
Fel 7(6) AT ol
Vel 8 5 Hy TR R S T A S R o % o S i ﬂ
DI S Rt . PG T/E S, Bang-Bang #2845 400 o] \
7 AR e K F) 1050 Pa LA I JF T B AE 950 Pa o

F] 1050 Pa Z [Alf2 0 W 8h, 2 ILRIBIMEAE 4L, B &2
PG L B N p R RS, 5
7w SR B Sl A R AR XN 5 R T B R S 22
AR R, 5K 7 PR T B R
X o

AILVE Y, B 2 R S R NS S R
AR08 Bang-Bang 44 il 45 19 %y H TR 184
FEE] 1000 Pa+50 Pa, {HA A B 205 B 52 il fit &
G T AEFFar M E =, L2 kg i T 0.2 mg/s (1
o o B, K2R 3 T RS T IERL R ANV
P AR E R E A 1, 4 T /NG vp SO
AN 5 T LR I ) DGR R (St) DL S/ V7R AN
ZE P SO B AR B 5 (Rw) o AR TT I, FE /NS G
BB GO T, F 1 A SR B AR AR

0 200 400 600 800 1000
t/s

7 NSRRI R (p)
Fig. 7 Pressure characteristic of the small vessel (p,); (a)
Vs=0.05 L, Vb=0.5 L (b) Vs=0.05 L, Vb=3 L (c) V's=0.3
L, /b=3 L

N ARG R, o I A T S RO R
0, O R = B HEOAS B, 2% o OB A v 2 R AR
IR, P A R B A RN . DA, A
Vi P S P A g 1 0T A SR R AN B8 U R 2 o
UL, PN R Bz, Al O MG vh Y
RS RR, LADRE/ )N R T TR ) T 1 X

34 HPREIIEHME
KH# 3 754 7 1Y Bang-Bang 5 il #8 25



606 H o= Mo 5 B R E R 55 43 4
() 1200 3 AEEGTHEEBENIEXE Bang-Bang 1= H 251
1000 HXES
Tab. 3 Switching times of solenoid valve and relative weight of
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Tab.4 High and low threshold pressure of the Bang-Bang con-

troller

high threshold pressure/Pa low threshold pressure/Pa

1 1075 925
2 1615 1515
3 2280 2180
4 3200 3100
5 3930 3830
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Fig. 10 Flow rate characteristic in the thermal throttle under
different high and low threshold pressures of the Bang-
Bang controller
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with variable reservoir temperatures
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