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Construction of One-dimensional Humidifier Model in Fuel Cell System
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The phenomena inside a porous hollow fiber
membrane humidifier were analyzed and a one-
dimensional humidifier model that can estimate the
water transfer rate was constructed to enable control
of the water content in the fuel cell stack of a fuel
cell system to the appropriate range. The calculation
accuracy of the humidifier model was enhanced by
investigating and considering the impact of the dry-
up phenomenon that may lower the water transfer
rate due to partial drying of the porous membrane. In
addition, verification was performed by comparing the
calculation results of the humidifier model with the
results of humidifier evaluation tests and measurements
of the water transfer rate in bench operation of the
fuel cell system. The estimation accuracy of the
humidifier model was confirmed to satisfy the target
accuracy of +15% or less that is needed for use in
performance design and control optimization of fuel
cell systems.
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Table 1 Gas conditions for humidifier evaluation test

Dry inlet Dry inlet Dry air flow Dry water Wet inlet Wetinlet | Wet air flow Wet water Inlet .Wet
- vapor flow vapor flow ratio
Condition No.| temperature | pressure rate rate temperature | pressure rate rate N
K kPaA mol/s mol/s K kPaA mol/s mol/s %
1 333.2 237.0 2.87 0.000567 358.9 208.0 2.47 0.937 96.1
2 323.2 167.1 1.90 0.000533 351.2 140.0 1.66 0.712 96.2
3 313.7 145.7 1.52 0.000500 348.5 121.0 1.32 0.613 98.6
4 314.9 135.7 1.14 0.000400 349.7 116.0 0.97 0.547 101.7
5 315.4 125.8 0.76 0.000283 347.3 112.0 0.66 0.357 106.1
6 314.2 117.7 0.59 0.000233 340.7 107.0 0.50 0.190 105.7
7 313.4 112.0 0.38 0.000167 335.1 105.0 0.32 0.103 117.7
8 313.5 108.1 0.24 0.000100 332.0 103.4 0.20 0.060 126.7
9 313.2 105.5 0.14 0.000067 328.1 103.1 0.14 0.028 113.6

* Inlet wet ratio above 100% indicates presence of two-phase (liquid-gas) state.
Inlet wet ratio up to 100% is equivalent to relative humidity (RH) .
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Table 2 Gas conditions for humidifier evaluation test

» Dry inlet Dry inlet | Dry air flow Dry water Wet inlet Wet inlet |Wet air flow Wetwater | Wet inlet Inlet _wet
Condition vapor flow vapor flow water ratio
temperature| pressure rate temperature| pressure rate
No. rate rate contents *
K kPaA mol/s mol/s kPaA mol/s mol/s als %
10 0.497 37.9 119.3
11 0.497 30.8 102.6
12 338.4 224.0 1.756 0.00037 180.0 1.56 0.433 26.0 89.9
13 0.373 22.4 80.0
14 0.317 19.0 70.6

* Inlet wet ratio above 100% indicates presence of two-phase (liquid-gas) state.
Inlet wet ratio up to 100% is equivalent to relative humidity (RH).
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Fig. 19 Comparison of humidifier model and test
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List of Symbols

d Pore diameter [m]

Dy,onr Diffusion coefficient between air and vapor [m?/s]

k Transfer coefficient [m/s]

N Molar flow rate [mol/s]

P Pressure [Pa]

Oner Heat transfer rate [J/s]

r Radius of curvature of pore [m]
R Gas constant [J-mol™- K]

Rt Transfer resistance [s/m]

Re Reynolds number

S Membrane surface area [m’]

Sc Schmidt number

T Temperature [K]
t Time [s]
\Y Molar volume of water [m*/mol]

a Fitting coefficient
p Fitting coefficient
y Surface tension of water [N/m]

Naywp DTy Up rate
6 Contact angle [degree]
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Subscripts
a Air
asm Assumption
con Condensation
dry DRY side
dry-up Dry up
eva Evaporation
in Inlet
K Knudsen diffusion
| Liquid water
m Capillary transfer in membrane

mem-inner Membrane inner
out Outlet

sat Saturation
steady-stat Steady state

total Total

v Vapor

wet WET side

wtr Water transfer

mE =N
Mz 7 A H & o 1 AW —
ANE = P






