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Introduction

Purpose: create final project
Model

Steam reformer for residential fuel cell plant
From Jahn and Schroer, 2005



Development of State Space Model:
Model Component Relationships

Single lines depict heat transfer (solid is conduction, dashed is radiation), 
double lines depict the burner gas flow, and triple lines depict the reformate
gas flow. 



Development of State Space Model:
Dynamic Equations
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Development of State Space Model:
Changing nCH4i
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Development of State Space Model:
Changing Steam to Carbon Ratio
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Development of State Space Model:
Changing Excess Air Ratio
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Development of State Space Model:
Specified values

Reformer temp = 700 deg C
Steam to carbon ~ 3.5
Methane flow rate ~ 10 SLPM



Development of State Space Model:
Output Temperatures
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Development of State Space Model:
States, Inputs, and Outputs
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Development of State Space Model:
Matrices
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Development of State Space Model:
Matrices
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Development of State Space Model:
Final Subsystem
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Development of State Space Model:
Subsystem in Large System
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Model Development
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Model Parameters
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Process vs Model
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Model and process responses to setpoint change in excess air ratio



Process vs Model
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SISO Controller Development:
IMC-based PID control strategy
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Simulink Diagram: 
SISO control
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Burner Temperature Control
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Reformer Temperature Control
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SISO Controllers
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Multivariable Control: 
RGA Analysis
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Simulink Diagram: 
y1-u1, y2-u2 pairing
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Multivariable Control:
Setpoint changes in both temperatures
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Multivariable Control:
Setpoint changes in only one temperature
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Disturbance Rejection:
First-order controller differences
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Simulink Diagram:
System with catalyst sintering disturbance
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Disturbance Rejection:
100% Sintering
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Directional Sensitivity:
Scaling the ranges
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Directional Sensitivity:
Scaled gain matrix
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Directional Sensitivity:
SVD analysis
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Directional Sensitivity:
Scaling back to the process
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Directional Sensitivity:
Changes in the strong direction
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Setpoint changes were only 10% of the total



Directional Sensitivity:
Changes in the weak direction
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Conclusion

2

Tr

1

Tb

Uniform Random
Number3

Uniform Random
Number2

x' = Ax+Bu
 y = Cx+Du

State-Space1

Product

-C-

Constant4

-C-

Constant3

-C-

Constant2

5

Constant1

-C-

Constant

2

nv

1

lambda


