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= Current models and experiments [1] neglect the

Humidifier transfers water

presence of liquid water at the humidifier inlet from cathode exhaust gas
even if it is possible for multiple operating points cathode inlet gas

= |n this work a new model and experimental
setup for membrane humidifier is proposed that

accounts for the differences

transport depending on the physical state of the
water
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Presence of liquid water in the cathode exhaust gas depends on multiple factors (e.qg.

operating point, stack, system, thermodynamic boundary conditions)
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Figure 1: Schema of test stand for analysing the membrane transport properties

In dependence of the aggregation state of the inlet water

= Possible measurements: water transfer of water in only vapor phase,

only liquid phase or liguid and vapor phase In dependence of
different temperatures, pressures, flow rates, membranes, flow fields
= Direct liguid water insert on membrane surface possible by a bypass

pump
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experiments consideration Figure 4: Current models: No liquid water at the inlet

of liquid water results In
higher water transport and
thus higher relative

considered, lower cathode inlet humidity reached

humidities of the cathode
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dry side) than in commonly
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Figure 5: New model: Liquid water
film ends in segment four, higher
water transport ratio while liguid film
IS present
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Figure 2. Schematic figure of the segmented humidifier simulation model, the
blue color indicates the relative humidity of the gas stream
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Simulation tool: Matlab Simulink S
Aim of simulation: calculation
of the water transport through
the membrane in dependency | v caicuatonpa |
of: RH, T, p, flow rate, flow field,

membrane type, membrane
surface area and presence of
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The humidifier system was ‘
implemented as a counter flow & ctnewwats S

system goriient

Discretization in ten segments |

along the main flow direction of | Suaierconini |

the inlet and exhaust air path  gigyre 3: Flow chart of the simulation
(along the channel) switching part for deciding if vapor vapor

permeation (VVP) [2] or liquid vapor
permeation (LVP) calculation path is used
for the segment

————— \ Conclusions & Outlook

= Liquid water may be present at the membrane humidifier inlet; Current

membrane humidifier models neglect the presence of liquid water, the

| water ™ | | . " .
present e / alm of the here presented model is to close this gap
2 8 10 N

As a simulation and experimental result consideration of liquid water
enhance greatly the water transport properties of the humidifier and
therefore the performance of the humidifier

= Next step: Fitting of simulation by own experimental data

Figure 6: Comparison between
simulation and experiment, water
content at cathode exhaust gas —
humidifier inlet was increased,
resulting In increasing relative
humidity at cathode inlet gas -
humdifier outlet
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