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Figure 1.10 SEM micrographs showing (a) the outer surface of PVDF hollow fiber E at 

5.0 KX and (b) the outer surface of PVDF hollow fiber E at 20.0 KX [18]. 
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          SEM was used to get images of the topography and structure of PVDF E 

membrane by scanning it with a focused beam of electrons. These two types of hollow 

fibers were put into a FEP (Fluorinated Ethylene Propylene) polymer tube. The schematic 

of an AGMD module is shown in Figure 1.11 (a). The cooling liquid passes through solid 

hollow fibers, while the hot brine flows through the porous hollow fiber. On the outside 

of the solid hollow fiber set, water vapor condensation takes place and collects in the 

bottom of the tube. The whole evaporation process is illustrated in Figure. 1.11 (b). 

          Generally DCMD processes have higher water vapor flux than AGMD processes. 

However DCMD process needs a distillate. In this thesis AGMD was used to generate 

distillate to be used in a two-hollow-fiber-set module with a configuration of DCMD and 

AGMD. The behavior of the overall configuration of AGMD-DCMD was studied.  
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 Experimental Setup 

 The schematic of the experimental setup is shown in Figure 2.1. 1% NaCl solution was 

heated in the brine tank. The hot brine was passed through the prefilter to remove trace 

impurities. Then it was passed through porous hollow fibers. On the cold water side, 

deionized water was pumped into the bore of the solid hollow fibers in a countercurrent 

direction. The membrane modules were fastened vertically by iron stands with the hot 

brine and the cooling water entering at different ends. The distillate water was condensed 

on the outer surface of the solid hollow fiber and collected from the bottom of the module. 

The inlet flow rate of the hot brine was maintained at 76 ml/min or 53 ml/min. The inlet 

flow rate of cooling water was changed from 5 ml/min to 50 ml/min. The temperatures of 

brine stream, cold stream, and the condensed stream were measured by thermocouples 

and monitored by thermometer. The conductance of the condensate was monitored by a 

conductivity meter. The actual experimental setup is shown in Figure 2.2.  

 

2.2 Materials and Chemicals 

2.2.1  Membranes 

The properties of porous and solid hollow fibers in the AGMD membrane modules are 

listed in Table 2.1. PVDF E porous hollow fibers were obtained from Arkema Inc., King 

of Prussia, PA. PP solid hollow fibers were purchased from Celgard, Chrlotte, NC. 
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Figure 2.1  Experimental setup for hollow fiber membrane-based AGMD system. 1. 

Membrane module; 2. Pressure indicator; 3. Coolant flowmeter; 4. Brine flowmeter; 5. 

Thermocouple; 6. Hot brine pump; 7. Coolant pump; 8. Constant temperature bath; 9. 

Thermometer; 10. Hot brine tank; 11. Condensate reservoir; 12. Magnetic stirrer; 13. 

Chiller; 14. Weight balance; 15. Coolant tank; 16. Prefilter.  
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Figure 2.2 The picture of experimental setup for hollow fiber membrane-based AGMD 

system. 1. Membrane module; 2. Thermocouple; 3. Hot brine pump; 4. Coolant pump; 5. 

Feed tank; 6. Thermometer; 7. Condensate reservoir; 8. Magnetic stirrer; 9. Coolant tank; 

10. Prefilter. 
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           The surface area of the porous hollow fiber membrane based on inside diameter 

can be expressed by following relation: 

 

                                            Membrane area = Np π Di Lp                                              (2.2) 

 

Here Np is the number of porous hollow fibers, Di is the inside diameter of porous hollow 

fiber (m), Lp is the length of the porous hollow fiber (m).  

 

2.4.2  Thermal Efficiency 

Generally, thermal efficiency is the ratio between the useful output of a system and the 

input energy. In AGMD, thermal efficiency of the system was calculated under steady 

state. Thermal efficiency was defined as the sum of the rate of enthalpy transfer to the 

coolant fluid and the rate of enthalpy exit associated with the condensed liquid divided by 

the rate of enthalpy loss by brine. In order to get thermal efficiency, each enthalpy 

equation can be expressed as follows. 

          The rate of heat transfer to the coolant fluid is: 

 

                                       ̇c =  ̇c ( Cco – Tref ) – Cci ( Tci – Tref )                                      (2.3) 

 

Here  ̇c is the cooling water mass flow rate (kg/h), Cco is specific heat of coolant-out 

(cal/kg˚C), Cci is specific heat of coolant-in (cal/kg˚C), Tco is coolant-out temperature 

(˚C), Tci is coolant-in temperatures(˚C), Tref is the reference temperature (˚C) which is 

assumed to be room temperature (20˚C).  

          The rate of heat removal associated with the condensed liquid is as follows:  


