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Problem Motivation:

Fuel cells are a promising alternative energy technology. One common type, called a proton exchange membrane (PEM) fuel cell, uses a catalyzed reaction of hydrogen and oxygen to produce electricity and heat. Fundamental to the design of fuel cells is their use in transportation applications, where they need to provide reliable electrical energy to variable loads.  
Consider the schematic of a compressed hydrogen tank feeding a PEM fuel cell, as seen in Figure 1. The electricity generated by the fuel cell is used to power a laptop computer. We are interested in analyzing the flow of DC electricity from the fuel cell. 
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Figure 1:  Schematic of Fuel Cell Operation

Problem Information

Example Problem Statement:

Consider the operation of a fuel cell which acts as a battery at 300 V in a DC circuit. There are 3 loads connected in series: 100 W, 1000 W, and 500 W in the system. Determine:

a). The voltage drop across each load 

b). The resistance of each load

Example Problem Solution:
A circuit diagram of this process is shown below:






Part a) The power delivered by each load is given as: P1 = 100 W, P2 = 1000 W, and P3 = 500 W. Thus, the total power in the system is Ptot = P1 + P2 + P3 = 1600 W. This power must be supplied by the fuel cell at V = 300 V and at a current I. 
Since P = IV, the current is equal to the power divided by the voltage, I = P/V

Thus, I = 1600 W / 300 V = 5.33 A.

The formula Vi = Pi/I can be used to calculate the voltage drops across the individual loads. These are:

V1 = P1/I = 100 W / 5.33 A = 18.75 V. 

Also, V2 = P2/I = 1000 W / 5.33 A = 187.5 V. 

Finally, V3 = P3/I = 500 W / 5.33 A = 93.75 V. 

This solution makes sense since V1 + V2 + V3 = Vtot = 300 V.

Part b) The equation V = IR can be used to determine the individual resistances. Thus:

R1 = V1/I = 18.75 V / 5.33 A = 3.52 (
Also, R2 = V2/I = 187.5 V / 5.33 A = 35.2 (
Finally, R3 = V3/I = 93.75 V / 5.33 A = 17.58 (
For series circuits, the total resistance is equal to the sum of the individual resistances. Thus, 
Rtot = R1 + R2 + R3 = 56.3 (. 

We can also check this resistance from the total power, P = V2/R, such that R = V2/P. Thus, 

R = 3002 V2/ 1600 W = 56.25 (.

Homework Problem Statement:

Consider the operation of a fuel cell which acts as a battery at 350 V in a DC circuit. There are 3 loads connected in series: 75 W, 675 W, and 500 W in the system. Determine:

a). The voltage drop across each load 

b). The resistance of each load
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