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i =

KYPBA AT Z R TERR AR, AR5 A B X84 R WTRETRA,
TELHUKKE LG AR, ST 23 (RIG BOK BAFAE, AR K i 4 28 5 0 1T 1 S,
HESBEPKIER G R EX — TR RE. TP, R T ZESBKEOLETE, )
WTZRMKEEBATE, #HEHTEFENARIEX RS BEMA T

Xigig KB KEE S

1 55

FERBBA TR RS, SR BFTHE R EREY R ERRY), RS
52 ®ATIH, WLRBEEAEKRKER WITHRZITHRA, AMEEREXNTE
ERBRGRIEF. KOABETALEX - RAFRAXBOAETZ — REMEPHEHR
KE, BT T 30 ZEMTFR, MATREHOPARE, HoRRCEMERSHY
. AT T 1988 fEFFAXT S B B ARX AR RGBT, ERE T BRI
R, KAT 3 AFBTHMAXRAS KK ABES. th TR ERE, mfstxt
3 (BB B K BOARAE, ARG BK LB SR AT I, IS & B K R ER A& R A H K A B
BB E IR, A S &N A TR

2 JHKE A S BoKEs

EEFFLT, —BMRAGROAKENER L 2 fn, HPEE 1.8kg RYITH
FK5r 0.5kg . HIK 0.7kg LA K 0.83kg S SHIHEMAIK 0.93kg. iXEOKLAIR 51 Tk Bk
AR, FARYNEHERET, REEBSEABRATFE L 2 4 ML

®1 SEREAEYRSHELHAEY

BRI YR (kg/d) He iR (kg/d)
Ak 1.86 )7 1.5
BEYEK 0.72 W B2 tH 1.83
BYEK 0.5 HEt 47 0.09
AR A Ak 0.34
£t 0.83 =017 1.0

2001-08-31 W BI/5fE, 2002-01-27 WIB{E 2
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R 2 DERKRIEHENSH

#eni (kg/d) fkt (ke/d)
Yok 1249 Witk 11.88 K 061
Ve 2.0 Witk 1.98 #E 002

YEF R e 5.55 WAk 5.11 AR 0.44

M 1, 2 AT, WERIEX —E AR RR SN BOK FZAGERK, DABRK
RAEBEK. S RKSBERE, ©F —FKRERE “SHBEE K. XEKKKBHER

gy F % 3 = B,
#3 BEKBHTESEY
BRIk FAEBEK PRIGERIK ZRABREEK
% aE - W5 &R (mg/L) RS FHE (mg/L)
fr2HEE (mgO2/L) 250—650 2000—5000 fR#E  13000—20000 H; < 0.045
£ (mg/L) 50 < 80 S4LE  8000—12000 CHy < 10
4k (mg/L) 25 <10 MEE  400—1600 CO2 < 850
Btk (mg/L) <5 < 300 BES  1300—1500 5 <10
AhBeEE (mg/L) <1 < 1000 =y 70—800 B F <3
% (mg/L) < 300 ORER  100—1600
B (mg/L) < 30 745 200800
HE 4 (/L) 104—107  105—108 i 1500—2000
s 150—700
I3 150-—250

BREh 12001400
HWiMgik  1000—2000
FEERE 150350
He i 30—60
0 100—300

3 BOKKAEBTTIE R LA

£ 3 BFKIREFFER B KAL R ARG AT LK, RS TARRBRSEE, BIWEIER
K (B TEABERK) . PABRKNIRBE AR RS

A BEPBOK R AR S B MK R IRER AR R AR RN K, ERKBHE
EARMK, BisRFERETHE PR RYSIEN, KoTREN, SETEES
R AL B 1 R A BB A A B R GO A IR .

XA ERFENZ O HEW oA KEANF, Z2ESIRAFMER YR A
. ARPAGRU KRBTSR BSF IR, TAEKBKE Sl —4 5 pm B
MR, BEAKEAH, 7 121°C MEER TAE 20min. WwHF) 46°C )5, HETEFR
BB 2 MERIIALARANE S BB T RIEFIEAY. AMEER SRS, A5
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PR BB R R K P R BIREFE 1—4mg/L. AR TRS R R BN, HHRADS
DA KA RSB AT SBEN/KESERYER I, BRERSFEIYRASK
AEEALBERER Y. B —f g, KERME, FiHE 125°C, B/rEdELE
PLRNES, ALK AR SR AR S A 70 B R B TR B R AT BR S B4 3. KBTI &
SZRMEBKH I BANEE, B, pH, KPRM, SBEHFAYKEA, NaEEE
LLELE SN

C— SRR
P — EhfeB% :
T — REkHS 0.5 pmit e
F— WigEfERs .

ERmERan

Bl DAKAERE

Fig.1 Hygienic water treatment flow

X—PARPMATE FTS” B OMT PO I 1986 4E 3 § 16 HEA KITHRA
3. REBERNA 104kg, HHPR KT ESRAT TN 34kg . BribiBa4 29kg . Tk
S9BE N 41keg. RERBAKATEEE S 18ke/d, KBIEMER 100%, B ABKK L
B (ARRBFYITRERLE) 24 2 Woh/ke, HBTR (A7 00RO U I RE A0 R
&) A 0.18kg/kg, i/DF HMMEAMA Y HRE (1.2).

EEREESRPFRSEPOLEKEHRSE, 5 ERARGERFNH T REMT
— AN, XMERS RN, BHAREKSKEAER L, HTREEEEY, URIE
=[P A KRB RN MARS K AT .

MFE 3 MEFRAAKBRNT BT W, DARKIAEEKKGR™E, SERLE
HRIFEARBEESEMELE BBl wBaxmiMyE, WHREAERERS,. E5)
WD, TR, RERUEKEWRRES, EaafaIERKOLE. CHRRE
FEBGSEEBOKEHEFRG TEME, BTEKKREXERE, ERKERERE 95%
A

PRBEAKRZ RSB BRERGEK, RS EEERE. ELLAREHR, &
BMEN 3%—4%, N BKMEERA, LEAEAREEE. BENEREEE BE
B AR AL S AR BRI A R REAEE AR B R BRI AR R
RERSHZEFRBER, EARESEG EAF)E N HEIEAEL N AR A B,
E 2 B4 “MF5" RS- FRAKER R RBE KL E RERE.

X—REH=ZMAHR, E—HrRRBA»BSHEE, QFEARE SS9 E5%.
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BB RIR R A 528 TR0 S0 RS LER 2, e TR,
TEKES AN, NG, RS, BN DB S SEAOKRSERME, B=8r R
LB Sy, FEAZREEIE. BT KEE

- ——— — e ———— — —_—— ————
: @#‘Hﬁ* Iﬁiir ®/54 I }
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D [ FRE ] i
| | T mpE 5 omax/omsl[— |
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kR | wIEARE |
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K2 BEBARRLERA
Fig.2 Urine treatment flow by permeation evaporation process

AL REX—RANBL, BRRBEK S SAEHA BRI, 7E R
Berh, K ATRORBGE S RS BAS THR, i — R ) 50°C, BEA R K
B®rp, AEABBOEEEGRKERRIL, REPRKEX —REER, BTRBRE
P, ZEREEE S EELARA S -, iR R RETE BRI B RS, PR AE. AR
B, BT RYLRE SR E, BE R KKERRPESWE, TR RESRnNE, &
ZK/ R BRESBBIGLKK GRKEFELBERAEFKECERRE, KEAREEA
SR K FRYE.

1990 4 1 A 15 H, RH ERERMRBAEREE “FIFS5" 2% EK Kvant-2
feBEsh B0 HARBRRE SR Ske R, W 190kg, HATSE—FE A T5ke, B
53 % 50kg, E5=E5r A 40kg, BHIHITLA 25 ke, REHI HLAEA 1100 W-h/kg HoK (IR
WAL BE HBE 30 W-h/kg JR), /KK BT R A 0.4ke/ke, BIKHERE 80%.

EFP AR AL TR AL BRI, BERER, PO EHEAT Tk, KRBT H
HBEAK RE X—HANSHESFER: (1) BPEBEICYPSH4ERE, MXT
M ARABEER, £8 TAEES; 2 AAREENSEERETER, BIRGE
e (3) KESHWEKHTSKHABAHESHIR, S4EIMNOEIERE 17.2kPa. /TR
FIEMAE AR, HARATHN 10 45, &% 2.5kg/h, REFERTREK 1/3, {{7 350 W-h/kg
Bk, K IR ER R B 90%!°M1eL.
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F—FURBALE B AR RIUR RS, ER M EEER SRR T EEK
WMERSE, BN B RRERARE, BRI EE SRR BAER
BEMKSREE, WHRENMEEERE T —MEK, RESHERFRRKER. B3
RAVEHABRAONER. CHEAK R, ZIEHI. K28, REEHHE
Wik, WEOKELER, K/SER, KSR

R —RGEMRBIMGRAK /WS, E

HIFIRHR A, SRR, B S

— M, RRERSENANER, KK @ wnn B
NEEBE MU B, TTRAE T Hest o 5E s /7
R RA A LI MR, THERS, Y éi]:T | /anus)
21—35°C WM ATERE NG, JEH1% 4.8kPa 5 s
w8, T4 10g MELH, RBERHA 2 )

ST - — BN, N, WO s
RIS, RO N, SRR § 3 SV i
S48, PEARIRERI D ES, XRES e |

AR R SN S S B T A, T %J

MR ESTA g, MRERERESASY 000 s

B AANIBBE. BT RO A R R

WifEsE SR, (R T AMA RS W RS RAERRERSRE

Fig.3 System flow of vapor compress

7Kﬁﬁ7kgiﬁﬂj, AFE R W)W AE R BTG distillation process
R e FIE3F.
* 4 ERZTEHEEESHTTRGBREELE LK
xH CER
i ANESER  BEERE
# H (ke) 135 190
% B (m?) 0.37 1.5
HIRBE (V) 120DC 28DC
EHThER (W) 330 380
BEIHER (W) 600
#RHE (W) 35
LbEE (W-h/kg) 168 1000
LeBegh (1/d) 8 9
#i At (h/a) 3 40
tbBi & (kg/kg BK) 0.06 0.3
KK EBCER (%) 91 80
ROERERE (°C) 32—38 52
RERIER S (kPa) 3.4—6.9 111—200

MR, ZEREARR TR — s Mo e, EF/ LR, BOIIBA
THFER RER DU EERTRAMEIR AT R LW BEE, ERFEEREER, FHimfeR
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HERBEAR SHheEkl, CRANTHBOKE. ] L% 26%, LEEE 56%,
HLEEAE 50% LA F. i S EBB RIS SR ABEHL, ERBEA, T REERY
% B i E B 2SI & B AR BRI R AL B B M (E 4)[7).

4 KEBHBESHTENBRIT

KT SRR ITHMOKTERR, MRERKEERTRKOBE X —HrfH
KTRAMBE REMOK S RKER S REMILAL, R PRk, SIEEK & SMx
BARMES, Fit, AEMAHESREZRNKBRR, B RGEKFRRRFENR
SRR AR RGN S YA — BT R L ATAH.

FrEot R KE BT RNE 4 Fion. WP Fiads, BE 2R -RNEHE
Kt EE HTRABERFAHKEERES 7 E, B, £J 4 FfKmEE S E R R

.
&
[ ——— === e e 1
! gk 0.831
l‘_‘. [ ]
4 9.2 1.8 0.93 0.1
1.5 Rk 2.0 — e
o R EES o] BB ES ] HEHEES :
] e \
Tos | #wmx 5 :
20.04 S l
e~y Ak E
gl B
363 1 18.97 BEA '
wEk | E | wER% X
o X fis TR
' B PELS :
kg 1% 0.95 )
14. 0.45
4.49 _ A RAYEK kAR e '
258 \
—ERR N ek
_ S o wEx '
o - m - - m e ————— = — 1 C\l
"o ‘ ! :
P2 12 ®Ag it 002 THC bt #17: ] _:
\, LA PR35 EBRA%
I J 23 1
=5 ’ _ ‘ =)
lomemmmm - e SHLR A

B4 AEEERRE

Fig.4 Integrated flow of water management

BTk EBC AR AL B R G T A SR K ISP, K P &5 R ], BURTE
REMBE, BEBCRIE, MAERX. BR, E%5BKKPEX— BN, APANTE
HE, B RmRBATIMERYTSKD RF R ERNKS, H5RRKNSRAT
gk AR L 2 MEEXE, FHNNKEDFTENRKE, RERGAGR
i5 0.75 kg 85 KR IERA AMA K Sy, UK IEAE R MK I BCR AR 100%.
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PABAR TR BRI, TAERKRIKBBK T Z 58K FERE 25183 100% |
95% . 90% Z£f, B, KIEH AR TGEEIER Mz

KHIK, B SKUA R @A RIEA KT SUE R AR BRI R, 7EE 4 19
KEBTTHRD, RAKER T HKIRK B9 BK & —RNBRFUK R, BT gk Rk
RABK, EOKEAKBRESREMRAKER, RO AD>, AR B, iER
BARIE, WE 4 pa L, AREEEHRS S B KR EKERN 2.9kg, “HMBEIRR
GBI 0.45kg, ALB R FE] 3.35 ke 4K, TR KRB REKKIEHRN 2.58keg, Rk
B TT%, 3B 0.77kg MIRKATHEN TAKRSE. AMERFE BN BAEKER IS,
MR BEOKA BT R GBI 2.28kg K, tHAEHE R KA R R MEKOBREANER. BF
RUKSRBAIEKR B IRBBK BT RS, M 2kg IRIBE KRGS 1.8kg %K, H
F 0.5ke T wdeK, HFEREMER 0.93kg KR EXIHKEBER 71%, BF 0.37ke
kA REI AR, B TUERES KA R E, B AR THERR, R
WArPEdR.  18.97kg TAEBUKHHLR, A 18.02kg HKiRE BAKF, TAKESRSRE
KB R B BT RGEAR R, ANREFRMIMIBANIE, A 4 AT, FEAFERIKER
0.88kg. ENRFEMIRIBALE RS, DAKBERG, KEMEIRRGEHUKRIK AT 5 A
0.2, 095, 0.37kg, R&E 93% HYKPIRMAEN 7 [EIH, #At 96% HIHKE.

LR E NP, BREMRP LK FFS" SEEFTRY, B LR
WA B ALK AE AR SR K BI-IL SRp87 23 BI85 E BRI o it ) E A P K
O R R B K 2250, (ERET 5 2 3 F /K B4 38 e SR I [ 44 3 5 ) v A P
RUKEIESR, BATRATEOCH M KL%, IR ATH. hfBERKE, R G4
KELAERRSYEBHERBARNRSE, &H 4 FrriRE - K - SR0RE
KREFIRTGER, EHARDITT 3 A 5 REBTAK. BN 3 AKRBH E#EK
5.4—5.5kg, 2.8kg A THMHIA, 3 BB ARFE, EREHE, BARS EEAL
FFTE 0.21kPa /o, JRBUSHIKET L) 100 48 £ 4, RSFHBIRIRT 0.148, 522 HEW
R KK,

FARLL ER T E T AR SR, b KERBS A RGENMATETRR
ZRBIFRRR, BELBAFRAKIREAENRA, AREI 7KK P8, R ORI <a
RRBABREOISIN, B-MAMKKEETE

5 &L

TS RN R, 25 I A K AL B 5 B AR A L2010, TEIX T T BFA LA
HE, EFARYPOPIRSLIRNAKRR, SR mE&aTH. KB LH, X
WRRE, EREPHASHEEREEMEABT -, BEEKSDAEBKERRH,
EAER, REBUKLERAZRVERRB S BERRER. B bR K v gk A
FHRH. IREFEKRATES, TAEKERR DAKKKERTTREBS, TMUFRTKFAH
THAFEER S, WRAET &0 RG L S EHY P4,

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

176 Z | OB ¥ ¥ W 22%

5 £ X ®

(1] ARHER. FHAEMEFRAROMRLRE. AAMESTFHFEE, 1999, 47(549):169—205

[2] N M Samsonov. The MIR Space Station Regenerative Water Supply. Proc. Sixth European Symp.
Space Envir. Control Sys., ESA SP-400, 1997

[3] N M Samsonov. A Physical/Chemical System for Water and Atmosphere Recovery Aboard a Space
Station. SAE 1993 Transactions, SAE932077, 1993

[4] Functional Description of the lon Exchange and Sorbent Media Used in the ECLSS Water Processor
Unibeds. SAE 1991 Transactions, SAE 911551, 1991

[58] N M Samsonov, N S Farafonov. A Physico/Chemical System for Hygiene Waste Water Recovery. SAE
1993 Transactions, SAE932076, 1993

[6] N M Samsonov. Systems for Water Reclamation from Humidity Condensate and Urine for Space
Station. SAE 1994 Transactions, SAE 941536, 1994

(7] Cindy F. Hutchens. A Description and Comparison of U.S. and Russian Urine Processing Hardware
for the International Space Station. SAE 1994 Transactions, SAE 941251, 1994

[8] E M Zdankiewicz. Phase Change Water Processing for Space Station. SAE 1985 Transactions, SAE
851346, 1985

[9] E M Zdankiewicz. Phase Change Water Recovery for Space Station-Parametric Testing and Analysis.
SAE 1986 Trarnsactions, SAE 860986, 1986

[10] Janie H. Miernik. Waste Water Processing Technology for Space Station Freedom: Comparative Test

Data Analysis, SAE 1991 Transactions, SAE 911416, 1991

WASTEWATER TREATMENT AND
MANAGEMENT IN SPACE STATION

ZHOU Kanghan LI Junrong LIU Chengliang SHEN Liping
(Institute of Space-medico Engineering, Betjing 100094)

Abstract

There need a mount of water in space station during long manned flight. To
reduce the maintenance expanditure of flight, wastewater must be recovered and
achieve a close loop circulation of water. The key task lies in resolving the problem of
wastewater treatment and utilization and constituting a reasonable water circulation
system based on the feature of wastewater in space station. In this paper, the
wastewater treatment methods in space station are analyzed and compared, a space
station integrated water management scheme was designed, and its rationality and
feasibility are also discussed and verified from many aspects.

Key words Water treatment, Water management, Space station
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