F40%E Fo NOBE OO Vol. 40, No. 6

20144 12 A JOURNAL OF ROCKET PROPULSION Dec. 2014

25 [ R SIHL PR ST 5 R & e ik

3 Bk, LA, e
(b FAK XIERABRFT, LT 100074)

B E: EAENFTEHWMATZALSNARFRNLEY, B AAR TR KE
BT EHERREZRNRINAABEMNARFR, AEHE—F T, Ehzal, S&TE
RARRRERERBERATLERA, RF, 2HEETENSRERERN TRAZ M
ARABENLAR ., EZHR TR, TEHREFRAEL, G LEN DR-A KR
CHAFF-1V {5/, KM 8 CCC ik i7 LiX B %0 STGC KB AL N AR KM, FEH KM &
FIZE T EENBERPES AN AL G, BE, NETENARTRBA X R EEIHE
AWEE, BETHANAKEEUNER, EENFET LA DSMC 7 F w5 A R o 4t
ThFTERTFEBRGERER, AGHAFTEN RGP RH# L AN DRI HBE LR 8% T
HATHRF T ES T %,

XER: TERHH; Wik 7

hESES: V439-34  XEPRIAE: A XEHS: 1672-9374 (2014) 06-0051-08

Research on plume flow of space thrusters
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Abstract: The necessity of plume flow research of space thrusters is introduced. At the same
time, plume test and numerical simulation methods which are the two valid ways to research space
engine's plume characters are elaborated. Then the key technique and development of plume test are
summarized. Afterwards, the compositions, vacuum pumping methods, main specifications and
characteristics of representative plume test beds including J2-A chamber and CHAFF-IV facility of
USA, CCG chamber and STG chamber of European, KM space simulators and PES chamber of China
are summarized. Finally, development of the numerical simulation technology related to plume test on
ground is introduced by overviewing numerical models of plume, focusing on DSMC method and its
software, presenting plume computational methods of high density plume and electrical propulsion
thruster plume. The technology of test and numerical simulation of space thruster plume is helpful to
research the plume of space thrusters.

Keywords: space thruster; plume flow; overview

BB 2014-08-13; 2@ AH#E: 2014-08-29
EHER/M: W (1979—), &, B+, BRTEW, FFRFEIEEASGEIIRBER



52 XOg O

20144 12 A

0 5|8

REEREMRBARNIE L E, SR T
FESRT B B, RATA LR PERAGE
BEARWHRR, 2R RSN A B PRI RAT
BRPEHEERER ., PR ENSERA
RER LR ERN . Bk, S0 R A3
B, R R SRR HESE & SIPLA PR
R AT IRABISE . LA R R e 2 1A TR/
AlEEME . MRS S A R SR A R
T RS R0 FBUEL 0 L F B

o RIS R A R E P E TR B
EEFEE, HAERY . RESEHTEE. 5T
BERRK . A REWRES AT ke Lo
BHIRETCRENR A . BRI IAR A RE
R R Z W, (R m g n]
Lo ERERN e RRE N, BRGIR
PRI IEFRISRALA o] D F HAR I FBL

BUARILH A (LR RE SR AT B A
HERFINBIRG R, BRI RERITE
e, BUMEHIH R A EERPIR T BE
B B S AR B E,  RT O BE AE
B, R ATR IO HR e E & . I,
I SREREBUR AR . B— AR,

A FEBEX L HTE PSP TS 5T R I
BB B BR T 2 A 4 o

1 PRMERERARLZRER

L1 REHEARBERNA

E AP A I W 7Y 4 P 7E 20 22 60-80 4F
8, JELL 70 SER R mignt . 80 FANKIFLRM
BETFRSPRBEEUNR . SRESNERER,
PR IE R RAI = #0E PG, Rl
TURRY . AR RE 5 1 A 3B Ak 2 A A R B0
TATR AR R E, AR E REERE I PR
5 el B AR

AR SRR PR R IR IS B R
AE[DH . REENFE. BB REER
PAF [l

1.1.1 HHRBEX

HEHRT 20 N G KR HE 7 2% 1 3P i 7E b T
R IRANIRBB A, FAERARRFEL
WBARRKTE . B, KEIHE S8R AP MK
HETRRAE ., JERFEBLIAE. EHEITHL
I, T PIPX R & 4= R S AR AT LU H
SR EFRRRNFI8, RGN LB
WHA R R, 4HiKEH0ERETERR
R ARBKIE, BRI, RRNZESR ikl X HAM
W5 E AT TR B FE,
1.1.2 RBFFHEH

SRl Es 8] & S ALIE R 2 i TAESE, &
MIEHE R E YN ES R 5. XRBEREASH
PEA B KBRS K 25 18] AR UE & s LEF P 4G
FEEEENEEBIGE RSP BHEK, I
R R ESE ., SCHRR2IEY N IEFHENS
2P (BIEE R/ 100 km B2 BIFFER) | 37
BEESARGEKRT 1x1072 Pa, HAb, HEH KL
EREFE A SRR FIG g, S SR RIT AR
BIFEE . BT &SI TAERT HEE R s HE i B P
WP AR RN, HITER SIPL TR REF
—EMESEHAMER, TR L
WIS RER R R, WD T SRR R Y
EmEmEZ, BAXFEIEERKOHBREE,
Hit, EREHEREHEIEAERE, RAFHK
FI o X+ EE,
1.13 Ht@mE £

TR, ERFEAFAS . B
R/ IZERE . BT R/ATREE . MEER.
Pt 2R A R Ak 2 2 I B (8] 5 Sz sh A8 (e ] 2
F SRR, X EE R R SIIPR R SIRAR
BA R R, Bhah, et R 3l
FIESERIGHAAEENLSEITEK, ®EXMA
K& E, B SRR (INREREUR
+oER, BN S 5 R IR R,
12 FEERZRER

HREMIRAKEZTTAEEIE, BHi#
R, AREAPNRKEBEARMERGE, LHT
AR EAR NS5 | 5 BRIES B AR
WRRE, REEEAFELEER RS, B






s R

20144 12 A

FEANMRESE, — ML T Goettingen B E = A
BEAle (DLR), FEHFAT PR ARIEAPIR
it AR RIAE; 73— ML T Humburg Harburg
B K% (TUHH), TUHH WPHRBE EE#
T AT R SRR IS R RAE. 5
SEESA # TUHH MR H AR MR B % F] DLR™,

H i 7E DLR-Goettingen A FIFF IR & 7]
. 2 FFE TUHH BRI R (CC6),
FILE R T 3 X R PR R R IR 2R e
(STG) ., HEHEEF PR RBE A 2 MK &K
PURE A S R & ShPLANATE P A T 3l X S i 2 88

2 VIR

2 125 TUHH F# B RR B M A CCC P
BB TESE. B2 £ CCC /A,

1 ABRALR
Tab. 1 Comparison of test beds
REARHD TUHH DLR-CCG
AR
AEEIH R N
R EEA e o) AHH
KE: 3m KE: 25m
N EHi2: 12m HAZ: 22 m
AR 3w’ ##: 10m’
MEEE 6x250 mm Hi% 1x250 mm HE
HLRE g 3 -
BB X2 .
WRRE W EE %22§§“
BAER RG]
HRERIE
6x10° L/s 6 000 m*h
R F AR PIER &
T 10° Pa %Il 1.0-3 Pa: 10°Pa %] 1.0-' Pa:
30 min 45 min
BEETRESE 107 Pa | 107 Pa:
(LN,) 3h
Bk <10* Pa <102 Pa
50 ms ik 50 ms fk
& i 8x107 Pa 1.4 Pa
HE 100 ms kof: 100 ms fki:
8x10™' Pa 33 Pa
RIRF I LN,:5 L/h

5y PRI

TSR

BRE
B2 DLRSHAEE
Fig. 2 Sketch of DLR contamination chamber
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