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Flow boiling has been considered as one of the most important research topics for the realization of large-capacity and 

high-performance space thermal systems. Most of previous flow boiling experiments have been conducted in a short-term 

microgravity environment realized by aircrafts, drop towers, etc1,2). Thus, the reliable experimental microgravity heat 

transfer data available for the design of future thermal space systems has not been accumulated sufficiently. We 

experimentally studied flow boiling heat transfer in the metal heated tube onboard International Space Station (ISS) as a 

part of TPF (Two-Phase Flow) experiment promoted by JAXA. 

Figure 1 shows the structure of metal heated tube. The metal heated tube is made of copper and has an inner diameter 

of 4.0mm, outer diameter of 12mm, a heated length of 368mm. Electric sheath heaters are wrapped in the outer grooves of 

the metal heated tube. Table 1 summarizes the experimental conditions of the ISS experiments. n-Perfluorohexane was 

employed as the test fluid. 

As pointed out in the previous report, the heat loss is not negligible amount due to the avionics air flowing inside of 

the experimental apparatus for the evaluation of test fluid conditions at the metal heated tube inlet. On the other hand, the 

heat loss from the metal heated tube also has a serious effect on the evaluation of local heat flux and heat transfer 

coefficients in the metal heated tube. The heat loss from the heated section of the metal heated tube occurs in the radial 

and axial directions as shown in Fig. 2. All thermal resistances of the heat loss path R were determined by the preliminary 

experiments with liquid single-phase test fluid conducted in ISS. 

Figure 3 shows an example of the relation between local heat transfer coefficients α and vapor quality x for the saturated 

flow boiling experiments performed in ISS. The experimental conditions are mass velocity G=100kg/(m2·s), inlet vapor 

quality xMHT,in=0.54, heat flux q=7.1W/m2 (set value). The evaluated heat transfer characteristics of the relationship between 

α and x change significantly depending on whether the heat loss is taken into consideration or not. The shift along the 

horizontal axis of Fig. 3 is mainly due to the heat loss at the section upstream from the inlet of metal heated tube, i.e. the 
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preheater and piping, and the shift along the vertical axis of Fig. 3 is caused by the reduction of net heat flux due to the 

heat loss from the metal heated tube. Excessive increases in α near both ends of metal heated tube disappear by considering 

the heat loss. Evaluated relation between α and x considering the appropriate heat loss show the typical heat transfer 

characteristics of two-phase forced convection. This result suggests that the developed heat loss models and the evaluation 

methods for α are valid for the investigation of flow boiling heat transfer in the ISS experiments. 

 

 

 

Detailed cross-section 

Fig. 1  Metal heated test tube. 

 

 

Table 1  Experimental conditions of flow boiling experiments onboard ISS 

Pressure P ~ 0.1 MPa 

Mass velocity G 30-600 kg/(m2s) 

Maximum degree of liquid subcooling at the test section inlet ΔTsub,MHTin 30 K 

Maximum vapor quality at the test section inlet x MHTin 0.5 

Maximum heat flux in the metal heated tube q 30 kW/m2, except CHF exp. 

 

 

 

Fig. 2  Heat loss model of metal heated tube. 
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Fig. 3  Effects of heat loss on the evaluation of heat transfer characteristics. 
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