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Fig.9 Original and new manners discharging the residual fuel 1,1-dimnethy-hydrazine of a rocket
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* p R BB ¥4 Rayleigh 245 (3) PRATJLA
* p is the most probable value in the Rayleigh distribution (3)
of 1,1-dimethyl-hydrazine droplet radius

KITESEMYERY, BRMWN_FHENHE
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JE, #E T EEKETRES, SIRMMESARE, Z
J& RDFR S5 | K. FEB BRI IE,
BPE S/ MEOL (0 =0,p =1mm), HEBHT=HX
MR FHEEXHORELE. HEERS WTH
B, BETERIITIXLHRE.

e BT 3 (B 9(b)) HEBUR B RHE AR
[HCPHHBET THAL JRHEEOT X5 FHgor R
WEFNETFHROOLBERR, B TFERIER
AW E G BT U ERATHHR R, 4
a=1,p=1mm, FHPH KX EGEOLHNEN
0, IREEA AL S B ETHEL S5 R 5518 ~0.26 Nom,
—7.45N-m 1 0.25 N-m. i FHrHFHT X RA KheH
XERRYE, WIANEHNAI WAL I SE HEAR, EATH
FTE FENMMAESEERRS, SHR
A —3; RENEREESAFAZEEN, B
B=Z A HESEHRLIREPRBEN. ZHRK
BT XITESBENYIENO R, FLE, XMHE
SR BIESLRRRSTRT— 1 A BRI R LRI
B9, B E I A IR T Gt il Ab B A A S AR
MBI HIBE .

6 &5 it

AT R AR K CH HE R 7E SUHE R 3 B
R, SHTHERSS AR AP ETRLT R
FAZ T R IR T K=K G A BKESRR
B, KER R BB U BUR T AF0ET T
AR =B PG, tHERBIACTES
T U BOHE B3R, B A U R B HR RO 3h B A
BT R R

B FEZ— — %% BRHEFTHRA

R SRR BT B B 1 IR 95 Bh.
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ANALYSIS AND SIMULATION OF DISCHARGING RESIDUAL ROCKET
PROPELLANTS IN ORBITY

Fan Jing Liu Hongli Jiang Jianzheng Peng Shiliu  Shen Ching
(Laboratory for High Temperature Gas Dynamics Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract To diminish the generation of space debris, the residual propellants in the storage tank of a final-
stage rocket have to be discharged after the satellite-rocket separation. An analysis shows that the propellant
jets under the discharge conditions, once entering the space, will break up into a number of liquid droplets.
The droplets diffuse in the high vacuum, while gaseous molecules successively evaporate from the droplet
surfaces. This process yields a rarefied vapor and droplet field around the final-stage rocket. This article
employs the Lagrange means to track trajectories and evaporation processes of the droplets, and employs the
direct simulation Monte Carlo (DSMC) method to calculate motion and collisions of the gaseous molecules.
Macroscopic quantities of interest, such as the flow fields, surface pressure, shear stress and heat flux, etc., are
obtained through statistically averaging the corresponding microscopic quantities. This scheme is validated to
simulate a steam plume around a water jet into vacuum , and the calculated Pitot pressure distributions in the
radial direction agree with Fuchs and Leggeé’s measured data . The scheme is then applied to three dimensional
rarefied vapor and droplet plumes arising from original and new manners discharging in orbit the residual fuel
1,1-dimethyl-hydrazine of a CZ-4B final-stage rocket. The calculation shows that the original manner may lead
to quite large disturbance moments beyond the rocket attitude-control range, whereas the new manner very

small disturbance moments within the range. These predictions are supported by the remotely measured data
of flights

Key words rocket propellant, discharge in orbit, rarefied vapor, liquid droplet, statistical simulation
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