Unisim Model of a Proton Exchange Membrane Fuel Cell
INSTRUCTIONS
1. Click on Start(All programs(Other Apps(Honeywell(Unisim Design Suite (Unisim Design
2. After the program starts click on File(New(Case
3. Add the components
a. Under the components tab click on the Add button

b. Find the components Hydrogen, Oxygen, Nitrogen, and Water and click Add Pure for each one then exit the component list view

4. Add the fluid package and reaction and reaction set
a. Click on the fluid pkgs tab, click add and choose the Antoine package then close the window

b. Click on the reactions tab(Add Rxn(Conversion Reaction

c. In the conversion rxn window in the components column click the dropdown menu and add the components to the rxn

d. In the Stoich Coeff column you must enter the stoichiometric coefficients.  If they are reactants then they are negative, products are positive.
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 and inerts are entered as 0.  Thus, use the following:
i. H2  
-1.0

ii. O2 
-0.5

iii. N2 
  0

iv. H2O 
  1.0
e. Click on the basis tab(change the rxn phase to vapour phase and the C0 to 100 for a 100% conversion.  You can come back and change this value at any time. Exit the window.  Also make Hydrogen the base component.
f. In the simulation basis manager on the far right click add set.  Under the active column click the dropdown list and choose your reaction.  Close the window
g. With Set-1 highlighted click Add to FP in the bottom right corner then click add set to fluid package.
h. Click enter simulation environment
5. Enter the Simulation Environment
a. Drag the corner of the green screen to enlarge the work area

6. Add material streams and reactor
a. If the operations palette is not in view then click F4.  Select the blue material stream and add it to the workspace.  Double click on the stream to view its properties.

b. Add the following properties
i. Stream Name(

Anode (hydrogen) Feed

ii. Molar flow rate ( 
0.044 (kgmole/h)
iii. Pressure(

170.3 (kPa)
iv. Temperature(

23       (Co)
c. Click on composition(then change the hydrogen composition to 1.  Close the window

d. Add a 2nd material stream and open its properties. 

i. Stream Name

Cathode (air) Feed

ii. Molar flow rate(
0.2087 (kgmole/h)
iii. Pressure(

170.3   (kPa)
iv. Temperature(

23         (Co)
e. Click on composition (then change the nitrogen composition to 0.79 and the oxygen to 0.21.        Close the window

f. Click on general reactors in the operation palette and choose the conversion reactor
g. Double click on the reactor to open its properties.

h. Under Inlets add streams Anode (hydrogen) Feed, and Cathode (air) Feed.  Under Outlets you must enter a name for the vapor outlet and the liquid outlet by clicking on their boxes and typing in 3 for the top and 4 for the bottoms outlet.  We do not need to provide the outlets specific names because they do not exist in a fuel cell.  Name the energy stream E1 by typing it in its tab and pushing enter.  The reactor should tell you that there is an Unknown Duty in yellow.  Under the Worksheet tab change the temperature of stream 3 to 23oC.
i. Click on the Reactions tab, click the dropdown menu under Reaction set and choose your reaction set.
j. The reactor should be green now and you may close the reactor window.
7. Add a Mixer

a. In the operation palette choose the Mixer and add it to the workspace and open its properties

b. Make the Inlets streams 3 and 4. Name the Outlet stream 5 by clicking the Outlet box and typing 5 then push enter.  It is named stream 5 because it also does not exist in a fuel cell.
c. Close the mixer window

8. Add a Component Splitter

a. In the operation palette choose the Component Splitter and add it to the workspace and open its properties

b. Make the Inlet stream 5 and name the outlet stream Anode (hydrogen) Exit in the Overhead Outlet box and Cathode (air) Exit in the Bottoms Outlet box.  Name the energy stream E2 by clicking on the energy stream box, entering the name, and pushing enter.

c. Click on Splits and under the Hydrogen column change the Hydrogen to 1 for we want 100% of the Hydrogen in that stream and make the others 0 for that stream.
d. The window should now say Unknown Overhead Pressure.  Click on the Worksheet tab and change the pressure of the Hydrogen stream to 170.3.  Then Unisim asks for a Bottoms Pressure, enter the same pressure.  

e. The window will now say Not Solved.  Add a temp. of 23oC to both Outlet streams.  The splitter should now say OK in green.  Close the window.
9. Add a Spreadsheet

a. In the operation palette choose the Spreadsheet, add it to the workspace and open its properties

b. Click Add import(Click stream 3(scroll down under Variable and choose Comp Molar Flow(choose H20 and select Add

c. In the same screen select stream 4(Comp Molar Flow(choose H2O and select Add.  Close the window.

d. In the top left corner change the cells to B1 and B2 it does not matter which is first then click on the Spreadsheet tab.

e. When entering data in Unisim’s spreadsheet, you must enter the cell values individually; you cannot add cells to formulas by clicking on them.  Follow the equations below exactly and the system will work properly.  For reference to the equations below, refer to the equation sheet provided.
f. You will enter the data for eq.1 in column B and a brief description of each value in column A
g. Here is a brief description of which equations were used in each cells

· Eq.2((B7)
Eq.3((D2)
Eq.4((D3)
Eq.5((D4)
Eq.6((D5)
Eq.7((D6)


	
	A
	B
	C
	D

	1
	Water flow in 3 (kgmol/hr)
	0.0027
	Cell Area (cm2)
	100

	2
	Water flow in 4
(kgmol/hr)
	0.0413
	Current Density

(mA/cm2)
	=B7*1000/D1

	3
	Faraday's constant

(C/mole)
	96485
	Cell Voltage

(V)
	=1.031-(D2*0.000245)-0.03*LN(D2)+ 0.0000211*EXP(0.008*D2)

	4
	Number of cells
	47
	Total Voltage (V)
	=D3*B4

	5
	Mol e/mol H
	2
	Power (W)
	=D4*B7

	6
	Total flow H20

(mol/s)
	=(B1+B2)*1000/3600
	Heat (kJ)
	=(B6*241*1000)-D5

	7
	Current (A)
	=(B5*B3*B6)/B4
	
	


	
	A
	B
	C
	D

	1
	Water flow in 3 (kgmol/hr)
	0.0027
	Cell Area (cm2)
	100

	2
	Water flow in 4
(kgmol/hr)
	0.0413
	Current Density

(mA/cm2)
	501.8132388

	3
	Faraday's constant

(C/mole)
	96485
	Cell Voltage

(V)
	0.72267777

	4
	Number of cells
	47
	Total Voltage (V)
	33.96585518

	5
	Mol e/mol H
	2
	Power (W)
	1704.45158

	6
	Total flow H20

(mol/s)
	0.0122222
	Heat (kJ)
	1241.103976

	7
	Current (A)
	50.181324
	
	


Cell D3 has the formula:

=1.031-(D2*0.000245)-0.03*@LN(D2)-0.0000211*@EXP(0.008*D2)
To change the conversion of hydrogen at any time, double click on the reactor, click the reactions tab, click the conversion% button, and change the 100 box to anything you would like.
Here is a view of the final system
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