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Issues Related to Multiphase Flow on Closed-loop Air Revitalization System
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Abstract  Development of closed-loop air revitalization producing oxygen (O,) from carbon

dioxide (CO,) exhaled by astronauts is required for future manned space missions. This paper
shows recent research on two of three subsystems of a closed-loop air revitalization system: water
generation form CO, reduction and water electrolysis to provide O,. Practical large-scale tests of
CO, reduction and water electrolysis showed that various gas-liquid two-phase conditions in a
reactor would be important to establish systems operated under microgravity.

Keywords: Closed-loop air revitalization, Reduction of carbon dioxide (the Sabatier reaction),
Immobilized catalyst, Liquid/gas separator, Cathode feed electrolysis
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Schematic of air revitalization of A) Today and B) Advanced.

CO, +4H, —— CH, + 2H,0 1)
AH298K = —2529 k] mol_l

YAFORIE, i T =7 5T
F RO ERAES A AV ERIcEEEEE R D
IR 300-400°C & LD SUGT FE~ T HRl R
L EERBSTH D T ORI I UG B
BEHFIC LA FLF— A B L LAV ATC, 1t
OWE 72 £ 0 D EDFICHFRITH 5, N
X CVRIAET D CHy B RO = L F—&JH & L
TOFRHOFEEMZWMO TS, LLARRD,
BEIKE DT> T AT ARFZRIGIZ L D CO,
BITO 1SS _EIFEFEAER T, R XA I &
HERF 9 2 72 DI ITFRIRAE & 0 135 20T @&\ il
PR DR IE & K& 2R A & R N i N
BWTA2HERHLZ EAMREEI N TS LI
[4], Y AT L E LTOhENE, et ek LR
M5O COREILDEAITES TRV,

22 JAXA TOYNFIRKIZET 2HE

R E THRADED 5TV D CO, BT
JESERAIZ R LT, 253 O 138 LV AlBER %5
T2 Z L CRIGEROERIRE B K% 5] &
HBLEERFILTCND, ZHNLALANRYHY
7 BS) kW OHREIETH LN T X =T
HELT = 0 SR, TSI
TEHELWRIBLEZZRTHZ ERMBNTND
[5]. 2 OOfili 2 =i Hfr~ & ERALEE 25 Z & T,

Japanese J. Multiphase Flow Vol. 27 No.4 (2013)



PARF SISO T, OWTIET AT LDE T
X —(b, BEMEDH LICEN DS D LT
x5,

BS it o FH E LIS 72AFgEE, R o
fill > R BUE . K EBUESE T CoflBiRR 4
DY, & BITFE O IRERTE & BRI D
TETWD, FRIC R, UNEI T LD
ISS TEAZ ¥R Lo EEMMAT 22 LNV XT
LA EREETH D Z LD, 3 RITHE B RS RO
BRER AT AR BS il 4 FEE L7241 TOiA
Thoiz, £ ORERSE LN T- TEEAEE (Fig. 2))
BB H T ORISR OM EIED 2 EITHR
L TEY ., o EAMER 250K LT
X TWVW5[6, 7],

Fig.2 An immobilized catalyst (¢=2 cm, L =3 cm).
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Fig.3 Schematic of a Sabatier reactor.
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Fig.4 Experiment setup.
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Fig.5  Temperature dependence of the CO,
conversion at the Sabatier reaction over an
immobilized catalyst (¢=15 cm, L = 18 cm)
with mixed-gases flows from the top to the
bottom of the reactor (<) and from the

bottom to the top of the reactor (®).
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Fig.6 Temperature distributions in the Sabatier reactor under mixed-gases flows: A) from the top to the bottom of
the reactor and B) from the bottom to the top of the reactor.
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Fig.7 Temperature profiles in the Sabatier reactor under mixed-gases flows: A) from the top to the bottom of the
reactor and B) from the bottom to the top of the reactor.

IRAR

271% 4% (2013)

415



1%, Fig.3 FIc O Trr S 7= &R ERIE S CThnE o
T I CABICIRE S LR L2 BIiE, 5
R LT & T AT —F — DR EEHIfIERE & X
ST K B AERBUC L > TR OVRIRE B~ Lk
L= Z &R ENTZ, T EORIET AR T
(Fig. 7B) T, MBEWIH O SBIRRE LR & 20D
B ORERMIRRE LR VWl Eo T MK T
ERBR B R— BB S iz, & ZARZED
t%. Fig.3 CTrowl &b I T\ DR E5,
T b b T— EF MRS T ToMsE H m {7+
T, AMMRBEOET L H EANEECDhZ-
THlg S, B sREREOEHA THRIED
EEZEABIR SN TWD, Ziut. BEHLK
IWED L, v— b b= oW I b T
PRNERSY CRZERRDSEERE Uy & ORI A it 1
BT LTHE LD, BAO—8RRREAL L
THBESINTOTH A9 LHEE LTS, E—>TF
FERTE T T, 72 & A OGP CTARR L7k
IRE 72072 LCH, MRIEIXES &G HT AR
M FIZE S THISED TFIZHE T H72dic, 20
IO RBBIIBEINR D120 THS H, Mk
BT THIRHOE TICL 5 AN RARES T
T WEBZLND D, MUSEEE OLIRIZK
MaZsdd D & AR U7o K DS KB AR A~ L it &
NPICEEBNICHE T 5 SRS 5, HEENE
TEERT 2K BOBACHEIC LA HKIL, D%k
D O, AR KR E A 5.2 5, 5O H A
% R & B 7 R ORI S LR A . CO,
WILHEBE A MMOBER EHE L, ERHEEVAT A
& UTCHESLT 2 BRICIE, R IR E SIS X 5K
DO — SO LG, AT LARFOESE/RE
FBEDHEERETD,
25 HNFIRIBEDHR—KERFTMD DK
S

T RTF IR OF b EE A AENL, MEERAZER
BV AT ARLE LT 5 KEAER L, KEMEE
BE~EEDZETHDH, RIGEZDOKIZL, AIET
% CHy. RIJED CO, B IO H, DIREH A
GEENDAKRLKE LTHEAET D, £ 2 TIHE
JAXA Tl, RISHBITMENC X 0 KRR 2 1A~
AR X BRA Y A —KORMEE LI-RICR
WOHEC L > TR E DBET 2 2 & ZFHE LT
W5, 20 COETLE DIRMIE, KAFHOHFITAKA
Wi E L TES TS, HDWIEAREEICEE N
ERISHEOH A L IIBENT 5, ik ED D

416

RWIREETH D L FHEEND, D EDOKEERIAD
R BT 2 HkE LTHRERFN SN TN O
3, BT % T2 [EEERE IR S BEC B B (Fig.8),
[liE SR EE R O BT, [iEd25 KT A0
PN T A —KIBARIRE 2B A L, KX R 7 ADON
HICE DA TIEY A< 2 & 2R L CRIR S B
THHLDTHD, WAL NI APMNCER Y 1T 5
NIZEIT L0 RAMCHEE &4, KR KT A
I UHLIIC L RS SR %,

Fig. 8 Rotary liquid-gas separator.
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Fig. 9 Schematic of an anode feed water electrolysis.
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Fig. 10 Schematic of a cathode feed water electrolysis.
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Fig. 11 Membrane liquid-gas separator and water
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