
Motivation

Reduced-gravity boiling databases are historically dominated by fluorinated working 
fluids (e.g., FC-72), while environmentally benign alternatives are increasingly 
needed. Water is a sustainable and technically relevant candidate, but its 
microgravity boiling behavior is prone to bubble accumulation and unstable heat 
transfer. This study provides heat-transfer-focused reduced-gravity data for water 
and demonstrates forced circulation as a practical stabilization strategy.

Objectives

⚫ Operate a water-boiling facility under parabolic flight microgravity
⚫ Quantify gravity effects across 2g → 0g → 2g transitions
⚫ Investigate the influence of imposed shear flow on nucleate boiling stability in 0g
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Transient microgravity conditions require robust comparison metrics.
Each parabola is evaluated using a Δ-metric:
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Boiling enables high heat removal for thermal management, yet reduced gravity suppresses buoyancy-driven replenishment and alters bubble transport, often causing vapor 
accumulation and unstable heat transfer. Using water as a sustainable alternative to fluorinated fluids, measurements during the 86th ESA parabolic flight campaign show that 
moderate forced circulation stabilizes a primary-bubble regime, maintains liquid supply at the heater, and prevents the typical microgravity heat-transfer deterioration.
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Results: Two distinct boiling regimes in microgravity

Experimental setup and research platform

Methodology: Δ-metric approach & high speed imaging
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Conclusions

⚫ Water demonstrates stable, reproducible boiling behavior in microgravity across 87 
parabolas, validating its viability as sustainable working fluid for space management

⚫ Flow rate emerges as primary control parameter: moderate circulation (≥ 320 ml/min)
stabilizes heat transfer in reduced gravity for tested power levels

⚫ Flow-stabilized primary bubble regime enables continous two-phase heat transfer
without forced bubble removal – offering simpler, more energy efficient thermal 
control compared to shear-based strategies

⚫ Results provide foundation for water-based spacecraft thermal management systems, 
supporting transition from fluorinated fluids toward environmentally benign
alternatives
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Analysis of 87 parabolas reveals two fundamentally different boiling regimes in 
microgravity, distinguished by pressure behavior and controlled by flow rate.

Reference points

⚫ End of hypergravity (2g)
⚫ End of microgravity (0g)

Combined with high-speed B&W imaging to correlate thermal response with
observed bubble dynamics

Pressure change
Wall temperature change
Fluid temperature change
Heat flux change
Subcooling change

Analyzed parameters

⚫ Δp
⚫ ΔTW
⚫ ΔTFluid
⚫ Δq′′
⚫ ΔTSub

             
                 

         

    

Fig. 1: RUBI-derived closed-loop water facility

Platform & operating range

86th ESA Parabolic Flight Campaign

⚫ Parabolas 87 analyzed
⚫ Heating power 22 – 80 W
⚫ Liquid temp. 50 – 95 °C 
⚫ Heater temp. 75 – 110 °C
⚫ Subcooling 3 – 18 °C
⚫ Flow rate 0 – 640 ml/min 

Fig. 6: Above threshold - morphology changes in 0g, but 
thermal performance remains stable (Δq″ ≈ 0, ΔTw ≈ 0)

Above threshold: ∆𝐩 ≤ 0 Below threshold: ∆𝐩 ˃ 0

Characteristics in microgravity
⚫ Dense bubble coverage on surface
⚫ Continuous growth and coalescence
⚫ Bubbles remain attached
⚫ Large positive pressure jump

Characteristics in microgravity
⚫ Single large primary bubble formation
⚫ Small bubbles dispersed in bulk fluid
⚫ Flow-induced cooling at phase boundary
⚫ Negative or minimal pressure change

Fig. 5: Below threshold - bubble accumulation in 0g leads 
to thermal deterioration (Δq″ ↓, ΔTw ↑)

Fig. 2: Schematic of parabolic flight curve and 
measured parameters [3]

Fig. 4: Influence of pressure change on wall temperature (left) and heat flux (middle). Influence of imposed
shear flow on pressure change (right).

Key components

⚫ Boiling cell equipped with thermocouples

⚫ Copper substrate heater with embedded
thermocouples

⚫ High-speed B&W imaging (1500 Hz)
⚫ Variable-speed pump for flow control
⚫ Preheater and condenser for fluid 
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Critical threshold: For the tested power levels, a threshold value of ≥ 320 ml/min was 
sufficient to prevent heat flux degradation in microgravity. Higher values provided only 
marginal additional benefit. Pressure change (Δp) serves as reliable stability indicator.
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Fig. 3: Δ-metric logic during exemplary parabola (top) with
corresponding high speed images (bottom)
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