CACHE Modules on Energy in the Curriculum

Fuel Cells

Module Title: Diffusion Coefficients for Fuel Cell Applications
Module Author: Jason Keith

Author Affiliation: Michigan Technological University

Course: Transport Phenomena (Mass Transfer)

Text Reference:  Bird, Stewart, and Lightfoot (2ndedition) section 17.3
Geankoplis (4th edition) section 6.2
Concepts: Estimating binary diffusion coefficients in cathode gas stream
Problem Motivation:

Fuel cells are a promising alternative energy technology. One type of fuel cell, a proton exchange membrane fuel cell reacts hydrogen and oxygen together to produce electricity. Fundamental to the design of fuel cells is an understanding of diffusion of the gases oxygen, nitrogen, and water to and from the cathode of a fuel cell.  Mass transfer can play an important role in the operation of the fuel cell.
Consider the schematic of a compressed hydrogen tank feeding a proton exchange membrane fuel cell, as seen in the figure below. The electricity generated by the fuel cell is used here to power a laptop computer.  In this module we will use the Chapman-Enskog theory to estimate diffusion coefficients for fuel cell gases.

[image: image1]
Example Problem Statement: Within the air-side flow channels of a fuel cell the gases oxygen, nitrogen, and water can be found. Use the Chapman-Enskog theory to estimate the diffusivity of the O2-N2 system 20 oC and 1 atm pressure. 
The Chapman-Enskog theory predicts the diffusion coefficient of a gas pair in cm2/s according to the formula:
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where p is the pressure in atm, T is the absolute temperature in degrees Kelvin, M is the molecular weight in g/mol, AB is a Lennard-Jones parameter measured in Angstroms, and D,AB is a dimensionless function of the temperature and intermolecular potential field for one molecule of A and one of B.

Note that the AB parameter in equation 1 is defined by: 
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Note for oxygen  = 3.433 Angstroms and /k = 113. K.

Note for nitrogen  = 3.681 Angstroms and /k = 91.5 K.

The D,AB parameter is a function kT/of as illustrated in the table below  (see Bird, Stewart, and Lightfoot, Table B-2). The value of   is given by: 
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	kT/
	D,AB

	0.90
	1.517

	0.95
	1.476

	1.00
	1.439

	1.05
	1.406

	1.10
	1.375

	1.15
	1.346

	1.20
	1.320

	1.25
	1.296

	1.30
	1.273

	---------------
	---------------

	2.8
	0.9672

	2.9
	0.9576


Example Problem Solution:
Step 1) Calculations for AB and 
We calculate AB = 3.557 Angstroms and /k= 101.68 K. 
Step 2) Determine D,AB
For T = 293 K, kT/ = 2.88, and we can use a linear interpolation formula to determine D,AB = 0.9595. 
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Step 3) Determine DAB
We can now substitute into equation 1 to give:
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Home Problem Statement: Within the air-side flow channels of a fuel cell the gases oxygen, nitrogen, and water can be found. Use the Chapman-Enskog theory to estimate the diffusivity of the H2O-N2 system and H2O-O2 20 oC and 1 atm pressure. 

The Chapman-Enskog theory predicts the diffusion coefficient of a gas pair in cm2/s according to the formula:
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(1)

where p is the pressure in atm, T is the absolute temperature in degrees Kelvin, M is the molecular weight in g/mol, AB is a Lennard-Jones parameter measured in Angstroms, and D,AB is a dimensionless function of the temperature and intermolecular potential field for one molecule of A and one of B.

Note that the AB parameter in equation 1 is defined by: 
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Note for oxygen  = 3.433 Angstroms and /k = 113. K.

Note for nitrogen  = 3.681 Angstroms and /k = 91.5 K.

Note for water  = 2.641 Angstroms and /k = 809.1 K.

The D,AB parameter is a function kT/of as illustrated in the table below  (see Bird, Stewart, and Lightfoot, Table B-2). The value of   is given by: 
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	kT/
	D,AB

	0.90
	1.517

	0.95
	1.476

	1.00
	1.439

	1.05
	1.406

	1.10
	1.375

	1.15
	1.346

	1.20
	1.320

	1.25
	1.296

	1.30
	1.273

	---------------
	---------------

	2.8
	0.9672

	2.9
	0.9576
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