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1. Introduction

Membrane is generally a selective barrier between two
phases and is used to separate one phase from another
phase. Today, membranes are used in the industry to
separate mixtures, bcause membrane processes have lower
costs and higher efficiency than other separation methods.
According to Figure 1, the feed flow (water vapor or wet
fluid) enters one side of the membrane through the
channels that are embedded in the wet side of the
membrane, and the water in the feed flow penetrates
throughout the membrane. Slow water permeability across
the membrane can be due to pressure, concentration, and
temperature gradients.

Wet inlet E>
Dry outlet <:

Figure 1. Water and heat transfer in a membrane
humidifier

Permeate

Nafion is a brand name of a polymer made of
tetrafluorosulfonic acid, which is formed by the
accumulation of sulfonyl chloride and hot sodium
hydroxide and has the ability to transfer water and gas.
Commercial Nafions, as the most common membranes
used in membrane humidifiers, have different thicknesses
and specifications. Nafion 111 is less thick than Nafion
115, 117, and 211. Membrane thickness, permeability and
porosity coefficient of the membrane are the most
important characteristics of Nafion, which affect its
performance when used in membrane humidifiers.

2. Numerical modeling

Figure 2 shows the scope of modeling a flat membrane
humidifier with an arrangement of simple and parallel
channels with opposite flow. Due to the higher

concentration of water on the wet side, water is transferred
through the pores of the membrane to the dry side (Figure
2).

Wet outlet

Dry inlet

Wet inlet

Dry outlet

Figure 2. Three-dimensional view of membrane humidifier

3. Results

To validate the numerical modeling done, the results of
this study and Yu et al's experimental study were
compared by selecting the heat flux value as a validation
criterion. It can be seen from Figure 3 that there is a great
agreement between the studies. The maximum error of the
results is less than 4.2% at the highest speed on the side of
wet channels.
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Figure 3. Comparison of dry side outlet heat flux between

Figure 4 shows the impact of the thickness of different
membranes on the relative humidity of the outlet of the dry
side. Nafion 111 has the highest relative humidity due to

the experimental results and the present study

its lower thickness.
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Figure 4. The impact of membrane thickness on the relative

humidity of the dry side outlet

4. Conclusion
The most important conclusions of this research are
summarized as follows.

1)

2)

3)

Along the length of the channels on the dry side of the
humidifier, the amount of water transferred through
the membrane on the dry outlet side decreases due to
the reduction of water transfer, although the amount
of heat transferred by the membrane increases near the
exit of dry channels;

Among the four types of Nafion (Nafion 115, 117,
211, and 111), Nafion 111 has the highest relative
humidity, outlet temperature, and dew point
temperature on the dry side outlet due to its lower
thickness and the best performance among other
Nafions;

The permeability of Nafion 115 for water with
coefficients of 10" and 107! is almost the same. By
increasing the permeability up to 10> due to the

4)

increase in mass and heat transfer, it causes an
increase in relative humidity, heat transfer, and dew
point temperature;

The porosity coefficient of Nafion 115 in porosity
coefficients of 0.4, 0.5, 0.6 and 0.7 does not change
much on the performance of the membrane
humidifier. If the porosity coefficient increases from
0.4 to 0.7, the relative humidity on the outlet side of
dry channels increases by 1.5%.
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Investigating The Effect of Polymer Membrane Characteristics on The Performance of The
Membrane Humidifier

Seyyed Morteza Mousavi Zahed Ebrahim Afshari

Abstract In the membrane humidifier, the characteristics of the membrane as the heart of the humidifier and the
selection of Nafion as the most common membrane for use in the process of separating two wet and dry streams have a
great impact on its performance. In this study, a numerical and three-dimensional investigation of a flat membrane
humidifier including the dry flow channels, membrane, wet flow channels and plates on the two sides of the membrane
has been investigated by Ansys Fluent software and the effect of membrane characteristics including: thickness,
permeability and porosity coefficient on the mass (water) and heat transfer through the membrane and as a result the
performance of the humidifier has been investigated. The results show that the use of Nafion 111 due to its lower thickness
compared to Nafion 115, 117 and 211, leads to improved heat and mass transfer and therefore improves the performance
of the membrane humidifier. Considering the dew point which shows the simultaneous effect of mass and heat transfer,
increasing the permeability coefficient of the membrane from 107° to 10! square meters, the dew point temperature at
the outlet of the dry side increases by about 3.5K. In the common limits of the porosity coefficient of common commercial
membranes, the change of the porosity coefficient does not have much effect on the performance of the membrane
humidifier.

Key Words Membrane Humidifier, Permeability, Porosity Coefficient, Thickness, Dew Point Temperature, Numerical

Modeling.
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