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Issues Related to Multiphase Flow on Closed-loop Air Revitalization System 

 
SHIMA Asuka      SAKURAI Masato          SONE Yoshitsugu 

† 
OHNISHI Mitsuru       YONEDA Akiko           ABE Takayuki 

 
Abstract  Development of closed-loop air revitalization producing oxygen (O2) from carbon 
dioxide (CO2) 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 CO2 reduction and water electrolysis to provide O2. Practical large-scale tests of 
CO2 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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Fig. 1  Schematic of air revitalization of A) Today and B) Advanced.  

Closed-loop (Recycle) 
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Fig.3
 

 
Fig. 2  An immobilized catalyst ( 2 cm, L = 3 cm). 

 
Fig.3  Schematic of a Sabatier reactor. 
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2.4

CO2

Fig.5 180
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 ( Fig.3 row1-(A)) 
60

 (Fig.6A) 

 (Fig. 6B) 

Fig. 6B 

 
Fig.4  Experiment setup. 

 
Fig.5  Temperature dependence of the CO2 

conversion at the Sabatier reaction over an 
immobilized catalyst (  = 5 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.7 190
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 (Fig. 7A) 

A)  B)  
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. 

A)    B)  
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. 
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(Fig. 7B) 
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Fig. 8  Rotary liquid-gas separator. 

 
Fig. 9  Schematic of an anode feed water electrolysis. 
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 [1]  Tachihara, S., Sato, N., Sakurai, M. and Ohnishi, 
M., Study Status of the ECLSS for Next Manned 

 
Fig. 10 Schematic of a cathode feed water electrolysis. 

 
Fig. 11 Membrane liquid-gas separator and water 

electrolysis cell. 
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