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ABSTRACT 

Solar energy driven air-conditioning systems has garnered much attention worldwide, 

owing to the growing energy demands and environmental issues. Liquid desiccant cooling 

systems (LDCS), can operate on low grade heat which can easily be catered to by solar 

energy.  The major drawback of liquid desiccant systems is the carryover of desiccant 

droplets into the supply air. Membrane based indirect contact heat and mass exchanger 

designs tend to eliminate the carryover of liquid desiccant, thus reducing the risk of health 

hazard and corrosion. In the dehumidifier, membranes act as barrier between desiccant and 

air streams allowing only water vapour but not desiccant to pass through. In the present work 

a two-dimensional mathematical model has been developed in MATLAB to study the heat 

and mass transfer in the air-liquid membrane contactor acting as dehumidifier. The model can 

predict the air and desiccant parameters inside the dehumidifier and the outlet parameters for 

given input parameters. Seven different membrane contactors with different designs have 

been manually fabricated using various commercially available membranes like 

polypropylene, polyvinylidenefluoride etc. Series of experiments have been carried out on the 

membrane contactors to find the suitable membrane. Aqueous solution of lithium chloride 

has been used as desiccant. The numerical model is validated with the experimental results. 

The maximum deviations between experimental and predicted values are within       for 

outlet specific humidity and outlet enthalpy of air,       deviation in dehumidification 

effectiveness and        deviation in enthalpy effectiveness. 

Seven potential liquid desiccant cycles have been identified and analysed to select the 

suitable configuration for achieving thermal comfort. A computer simulation model has been 

developed in Engineering Equation Solver (EES) software platform to evaluate the 

performance of all the cycles at selected ambient conditions. Supply air conditions, cooling 

capacity, COP and circulation rate (CR) per unit cooling capacity and hot water temperature 
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requirement have been used as a measure for analyzing the performance of the different 

cycles. The effect of hot water temperature on the performance of the cycles has been 

evaluated at ARI conditions. The performances of the cycles have also been evaluated for 

cities selected from each of the climatic zone of India that represent typical tropical climates. 

Although all the cycles are feasible at ARI and hot and dry conditions, only two cycles can 

achieve the selected indoor conditions in the peak humid conditions. A complete solar energy 

driven liquid desiccant cooling system (LDCS) with an indirect contact dehumidifier has 

been developed and tested in the laboratory. Solar water heating systems (SWHS) have been 

installed to harness solar energy and generate hot water. The SWHS consists of water-in-

glass evacuated tube collectors (ETC) and heat pipe based ETCs connected both in series and 

parallel arrangements on the rooftop. Typical efficiencies of ETC and heat pipe collectors at 

an irradiation of 800 W/m
2
 have been found to 50%. The hot water from SWHS has been 

used to heat the desiccant solution in a plate heat exchanger and the hot desiccant has been 

concentrated in the regenerator. Liquid desiccant concentration of 36% to 40% has been 

achieved using hot water in the range of 60 to 70⁰C. The dehumidifier effectiveness mostly 

lies between 25 to 55%, which seems to be limited by the additional mass transfer resistance 

due to the indirect contact between air and desiccant in the dehumidifier. The capacity and 

COP of the system varies depending on the operating ambient and the desired supply 

conditions along with the selected configuration. 

Keywords: Liquid desiccant, Solar Cooling, Dehumidification, Membrane contactor, 

Desiccant cycles.  
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