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Fig. 1. Schematic of experimental setup.

145202-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 145202

REM 4B AK. SEg0rh, BIBURIREN L3 en] I %
AR BT R, XRERESC I T 2R R
AR AR I T80, AR S AT GeHRi 2]
M3 R PRI gt s, ER B RIRE
W Ry AR, BRI A k. B R
TRE B RS, B R RGEAFEE AR, 8%
SRR A AR TR I A5 B R B Ak, B
SERUG P ERE R 1 i, N R E )b
Pk AEAS BB IR, R S R AR BT f5 2 A
b, T B B IA]. 7 ke 1 v A1 45 AR XUl
O BB R AR, kSRR, FIkE
A RIIR] 5 A0CH SR AR T ORI AT I A IS 1
R BURIRE R E T RE S TIR—MIX, £
ST, B BT 0IE T 1 s R
TR R, 2SR TIRE e, IR B e b
g, RIRIFE LR W RS M %, &5
ENE 4 FroR s, Beak, 32 KR 5258 A BR I,
Sy 3k R HPOUE DL 2 e A 1 B SE AE BS T AR  E
ARG AN, PR T R ARG AN ) o7
8 B AR 2 () An N . SEEe Y R R
200 Hz 1) = M55 Ao, [F5 REM N
200 kHz, B8 58 1 s 9200 A4~ 8 3 59 K iE
FEIA.

4 LIHERETH

S e Al s SN E s AU, 41752 78.08%
[ N2 1 20.95% 1 Oz, DA K — e H A i 1oy &
S, ¥ KA ARIRE D, 7R yRB/E AT Gk
FER A S RIRAS . SRR BB R, KA
A HL S
fRES N : Og — 20, Ng — 2N ;
JEF A FHE: NN +e7, 050t +e,
0, = Of +e~, NO — NO*t +e™.
R AL AR o e s AR, R B W A iR
G, EEMAFWEHT AN, 02, NO, N, O,
e, N, OF, NOT. & fumBns, &5
() OF B E AT FH 05, OF SR TFREA, 5
PR T BERRAIR. AR 1 B8 712 R D AR s
COy + 0" — 0,7 + CO, (1a)

05 +e~ — 0+ O*(1D). (1b)
I8 B W B LU AR 2%, ARSI 4R B Brsk

177 Z2WEE TIRSEUERR, A ERNA R
TR SRR, R A=A AT 500 kW,
ROCRIGATE 4.1 Z2 A I, AR % B T A2 7
10" em ™ By, ZJ5 PO RE —AAAL BRI S 5
B2 25 T AR A RO i A5 B A T R
AL, A AL ARl AR 1], AR bRl 27 He
TR BRI 3 s FF R, U 55 B ik
MRS, AR L 8 o/s B B I B A+
SRR, AT T B AR R, S
ABEAHE N 50 g/s, R T A AR Y 5T & i
i [, 2REEE TBIRXE T, REFR
i TSI R TR R R R

14

—— EXP1

12

10} oo

ne/(10M cm—3)

2 4 6 8 10 12 14 16 18
HE) /s

B 2 HEALBRBEAT (3—10 s) MBS (12—18 s) He

2% B BT A AR AL, SRR T M F IR LR (EXPL 1 EXP2)

Fig. 2. Evolution of the electron density prior (3-10 s) and

after the carbon dioxide injection (12-18 s). Two experi-
ments are shown here (EXP1 and EXP2).
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Fig. 3. Effect of electron density reduction in different

states.
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Abstract

During the spacecraft from geospace penetrating into the atmosphere, a plasma sheath can be formed
around its external surface due to shock heating which subsequently leads the radio communications between
the space vehicle and ground-based stations to interrupt, i.e. the blackout problem happens. Many techniques
have been developed to mitigate the blackout problem, and the attachment chemicals releasing is considered as
an effective method. Previously, halogenides and water have been widely investigated both theoretically and
experimentally. In this work, we report the mitigation of the reentry plasma sheath through releasing carbon
dioxide, in which the electron density is reduced through different mechanisms and processes from the releasing
halogenides. Controlled experiments are performed to investigate the carbon dioxide released in the arc wind
tunnel and the high-frequency plasma wind tunnel. Results suggest that the electron density can be significantly
reduced in the simulated plasma sheath environment, which provides a potential approach to solving the

communication blackout problem encounterin the reentry process.
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