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Abstract— This paper is dedicated to the development 

of proper membrane for membrane contactor-based 

air conditioning system. Based on mass transfer analysis 

and knowledge of membrane formation, guidelines for most 

appropriate membrane were made. 

Keywords—gas liquid membrane contactor; air conditioning 

systems; air dehumidifaction; membrane formation. 

Development of an energy friendly climate control 
system plays an important role in extending the range 
capability of electric vehicles in all weather conditions. 
During the XERIC (EU, HORIZON 2020) project, 
the usage of a novel Three Fluid Combined Membrane 
Contactor (3F-CMC) as an air conditioning system 
is explored. It is capable of reducing at least 50% 
of the energy used for passengers comfort, in comparison 
with existing systems. The 3F-CMC combines a liquid 
desiccant cycle with a traditional vapor compression cycle; 
moreover the full scale unit will be characterized 
by the following characteristics: external air flow rate 
(T = 30°C; RH = 60%) equal to 100 m

3
/h, water vapor 

extraction from the external air of more than 0.3 kg/h, 
and a size of the unit equal to 310 x 285 x 185 mm. 
The efficiency of such a system is mainly dependent 
on the module design and operation parameters, 
but performance of the membrane is also a crucial factor. 
In this work we will concentrate on the selection 
of the proper membrane for the membrane contactor-based 
air conditioning systems. 

Membranes used in the 3F-CMC (or in other gas-liquid 
membrane contactors with an aqueous liquid phase) 
should be characterized by performance values such 
as high water vapor transport rate, WVTR (kg/h/m

2
), 

or low total resistance to the evaporative heat transfer, 
RET (m

2
 Pa W

−1
), as well as a high value of liquid entry 

pressure, LEP (bar). Those parameters describe possible 
operation pressure of the unit and expected performance 
in the external air dehumidification. Unfortunately, 
membrane manufacturers rarely use those parameters 
in membrane data sheets. In a typical commercial 
membrane data sheet, one can find information 
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on membrane wettability, pore diameters, bubble point 
pressure, porosity, thickness etc. Also, the set of available 
data for a specific membrane differs depending 
on the intended membrane application. In this work, 
we try to link typical membrane characterization 
parameters with WVTR and LEP that are used 
in the performance description of the membrane contactor-
based air conditioning system.  

Based on the theoretical analysis of mass transfer 
in a flat sheet membrane, we were able to obtain the two 
following relationships: 

              (1) 

              (2) 

 

 

 

 

 

Where:  

WVTR – water vapor transport rate (kg/h/m
2
);  

dp – mean pore size (µm);  

ε – membrane porosity (%);  

τ – membrane tortuosity (-);  

δ – membrane thickness (µm);  

LEP – liquid entry pressure (bar);  

θ – contact angle (°). 

Through comparison of the theoretical analysis with 
experimental data for commercial and self-made 
membranes, we will obtain the link between classical 
membrane characteristics and performance parameters 
relevant for the 3F-CMC unit. Based on the correlations, 
we will be able to design and prepare the membrane with 
properties that ensure a high performance of the 3F-CMC 
unit in the climate control system of (electric) vehicles. 
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