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SUPPORTING DISCUSSION 

Vapor Transport in a Deaerated System. Membranes operating under vacuum will 

demonstrate unique transport behavior.  Because the mean free path increases substantially with a 

lower air pressure in the pores, even membranes with pore sizes as large as 500 nm will operate in 

the Knudsen transport regime.1–3 Models for transport through vapor-gap membranes under 

vacuum also include a small contribution from viscous transport through the pore.  The 

permeability of a membrane operating in Poiseuille or viscous flow is expressed as2  
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where r is the membrane pore radius, Pm is the average pressure in the membrane pore, ε is the 

membrane porosity, ηw is the viscosity of water vapor, R is the ideal gas constant, T is the 

temperature, τ is the tortuosity, and δ is the thickness. 

The permeability of the membrane under vacuum is calculated as the sum of the Knudsen 

permeability (eq 7 of the main text) and the permeability of the membrane under viscous flow (eq 

S1).  In most cases, the viscous contribution is relatively low.  For example, in a 100 µm thick 

membrane with a 400 nm pore size, the Knudsen permeability is 5.60 × 10-6 kg m-2s-1Pa-1, whereas 

the viscous permeability is 0.47 × 10-6 kg m-2s-1Pa-1.   
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Figure S1. Energy conversion efficiency as a function of the heat exchanger efficiency and 

normalized membrane area (membrane area, Am, divided by the initial feed flow rate, QF,0).  The 

heat source temperature is 60 °C and the heat sink temperature is 20 °C.  The hydraulic pressure 

difference between the two streams is 20000 kPa (200 bar), and balanced flow rates are assumed.  

The membrane permeability coefficient, Bw, is 1 × 10-6 kg m-2s-1Pa-1; the thermal conductivity of 

the membrane, Km, is 0.04 W m-1K-1; the heat transfer coefficient, h, on both sides of the membrane 

is 5000 W m-2K-1; and the thickness is 100 µm. 

 


