
Flow Boiling for Thermal Management in Microgravity and Reduced Gravity Space Systems.   
I. Mudawar1, 1Professor, School of Mechanical Engineering, Purdue University, West Lafayette, IN 47907 

 
 
Significance:  Advisory panels, such as at the 2004 

“Workshop on Critical Issues in Microgravity Fluids, 
Transport, and Reaction Processes in Advanced Hu-
man Support Technology” recommend increased ex-
perimentation in low- and micro-gravity flow boiling 
physics and systems.   

A plan for thermal systems and phase change proc-
esses is based on how the continuing need for im-
proved energy-to-mass ratios suggests replacing pre-
sent single-phase operations with two-phase systems.  
Future design of important thermal subsystems in-
volves complex multiphase fluid flow and transport 
issues.  Full understanding of these multiphase trans-
port phenomena associated with operation of thermal 
and phase change subsystems in microgravity is 
needed for both the design and the safe and efficient 
operation of phase-change heat transfer systems in 
space.  

The recommended approach for the above goal is 
to develop phenomenological understanding, accumu-
late empirical data, develop empirical correlations, 
theoretical models and scaling laws for two-phase flow 
in micro- and macro-geometries, boiling and conden-
sation heat transfer, phase-distribution and phase-
transition phenomena, and stability criteria for two-
phase heat transfer loops in microgravity. 

 
Motivation: Reduced gravity flow boiling heat 

transfer and critical heat flux data and models are all 
four virtually nonexistent.  There is a dire need for 
such data to be acquired and for low-g boiling systems 
experience to be accumulated.   

To understand the motivation, consider that phase 
change cooling is desirable in microgravity and re-
duced gravity space electronics because of its ability to 
enhance cooling performance and reduce weight of 
cooling hardware.  The critical heat flux (CHF) is the 
key design parameter for heat-flux-controlled elec-
tronic devices.  Thus, an ability to predict CHF is of 
paramount importance to both safety and reliability of 
two-phase systems.   

Yet, the vast majority of reduced-gravity boiling 
studies have, and even now remain, focused on im-
practical pool boiling rather than the more-practical 
flow boiling.  This has led to conflicting recommenda-
tions concerning viability of pool boiling in micro-
gravity but flow boiling remains as the proven method 
for enhancing CHF relative to pool boiling in 1-g.  
Specifically, the bulk liquid motion increases CHF by 
flushing vapor bubbles away from the heated wall be-

fore they coalesce into an undesirable insulating vapor 
blanket.  Thus, the flow also constantly replenishes the 
hot wall with new liquid.   

It is simple to anticipate that a desire for minimal 
power expended on pumping will drive designers to-
wards minimizing the liquid flow velocity in practical 
spaceflight boiling systems.  Thus, the minimum liquid 
velocity which can adequately increase CHF and sup-
press detrimental effects of reduced gravity is therefore 
sought in low-gravity experiments.   

 
Future Possibilities: It is anticipated that the ex-

perience gained from zero-gravity CHF experiments at 
Purdue (Fig. 1) can be applied to reduce experiment 
size so as to fit a number of the soon-to-be available 
commercial suborbital spacecraft.  While a 5-second 
stabilization period has been achieved in parabolic 
flights, the much longer duration sub-orbital rocket 
flights will enable more creative research and more 
complete systems development.  Important transient 
phenomena, such as start-up and shut-down in zero-
gravity, can be explored during the rocket flights.  If 
shared research flights become as inexpensive as some 
are projecting them to be, numerous additional geome-
tries, flow characteristics, and similar would become 
affordable to address.  The path from research to prac-
tical spaceflight systems will be shortened by more 
frequent access to low-gravity testing time.   
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Figure 1.  The Purdue “Flow-Boiling Critical Heat 
Flux in Microgravity” experiment for parabolic aircraft 
flights.   
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Figure 2. Example images of flow boiling during parabolic aircraft flight testing.   
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