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                    To construct ANFIS models of the output gas of the reformer a series of
 identification experiments has to be performed. For this purpose a test setup
 where the fuel cell of an H3 350 module is replaced with a gas analyzer is
 made. Figure3.23shows a diagram of this test setup.
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Fig. 3.23:Diagram of the test setup used in the reformer identification experiments. Themagenta
lines signify a hydrogen-rich reformed gas flow,bluesignifies a flow which is predominantly
atmospheric air,greenrepresents a fuel flow andpurpleis a control or logging signal.


In this setup, the hot cathode exhaust air of the fuel cell is replaced by a
 mass flow controller and an electric heater. The H2rich anode waste gas of
 the fuel cell is replaced by a mass flow controller that matches the H2 flow
 to the fuel flow. All the actuators of the system are controlled by a custom
 made control program which is implemented in a National Instruments cRIO
 controller. The reformer temperature controller used in the test setup is of
 the cascade type described in [41] and the setup is programmed to change
 operating point automatically.


Figure3.24shows a picture of this test setup.


Fig. 3.24:Picture of the reformer test setup.


The reformer identification experiment is performed at 5 [◦C] intervals
between 235 and 290 [◦C]. At each temperature 5 equally spaced fuel flows
corresponding to fuel cell currents between 5 and 18[A]with an anode 
stoic-hiometry of 1.35 are tested. Steady state conditions are achieved for 20[min]
for each operating point. This experiment takes 28[h]and Figure3.25shows
a plot of the temperatures of the reformer and burner measured during the
experiment and Figure3.26shows a plot of the measured gas composition.
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Fig. 3.25:Plot of the reformer and burner temperatures measured during a 28[h]identification
 experiment.
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Fig. 3.26:Plot of the gas composition measured during a 28[h]identification experiment.


The plots show that the temperature of the reformer is controlled as 


in-tended and that the reformer temperature and fuel flow have an effect on the
 gas composition as stated in Section 2of Chapter 1. To evaluate this effect,
 the average values of the H2 flow andCOconcentration for each operating
 point is calculated and arranged into result matrices. Figure3.27shows the
 result matrix for theCOconcentration.
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Fig. 3.27:Countour plot of theCOconcentration measured in the identification experiment.


The x-axis of the contour plot shows the fuel flow into the reformer and
The y-axis shows the temperature at the beginning of the reformer bed. The
lines in the contour plot represent constantCOconcentrations measured as a
percentage of the molar flow in the output gas of the reformer. As literature
would suggest, higher reformer temperature means higherCOconcentration
[42,43]. At high fuel flows theCO concentration is generally lower than at
low flows. This is most likely due to the cooling effect of the higher flow
on the reformer bed and the higher space velocity of the fuel. Figure 3.28
shows a contour plot of the hydrogen flow matrix as well as the theoretical
maximum achievable hydrogen flow.
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Fig. 3.28:Countour plot of theH2flow measured in the identification experiment.


Again the x-axis of the contour plot shows the fuel flow into the reformer
 and the y-axis shows the temperature at the beginning of the reformer bed.


The green lines in the plot represent the mass flow of H2out of the reformer
 if the only reaction that took place in the reformer was the steam reforming
 reaction in Equation 1.3. The blue lines represent the actual H2 flow 
 mea-sured in the experiment. As the figure shows, the reformer temperature
 has little influence at lower fuel flows and the measured H2 flow is close to
 the theoretical max flow. However, at higher fuel flows, lower temperatures
 mean that the difference between the measured and theoretical max flow is
 increased. It is worth noting that even at low reformer temperatures and
 low fuel flows where the methanol slip is minimal, the maximum H2flow is
 not achieved. This is because the fact thatCOis produced indicates that the
 methanol decomposition reaction in Equation1.5takes place which produces
 less hydrogen than the steam reforming reaction in Equation1.3


The highly nonlinear behavior of both theCOconcentration andH2flow
 of the reformer, and the lack of information about the factors which are 
 caus-ing them, it is chosen to use the ANFIS modelcaus-ing structure described in
 Section2.1of this chapter again.


As opposed to the bell-shaped membership functions used in the ANFIS
models of an HTPEM fuel cell presented in the previous section, triangular
membership functions of the following form is used in the models of the


reformer output gas:


O1,1=µA1(x1) =max
 


min


x1−a1


b1−a1,c1−x1
 c1−b1



 , 0





(3.8)
 Figure3.29shows a contour plot of the fit of theCOconcentration model.
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Fig. 3.29:Countour plot of theCOconcentration measured in the identification experiment and
 the output of the developed ANFIS model.


Experiments show that using three membership functions gives the best
compromise between model complexity and accuracy, and the MAE the model
is 0.323%. It is concluded that the model is suitable for use in the 
optimiza-tion of the operating point of the reformer. Figure3.30shows a plot of the fit
of the H2flow model.
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Fig. 3.30:Countour plot of theH2flow measured in the identification experiment and the output
 of the developed ANFIS model.


Again three membership functions result in the best compromise between
performance and complexity and the MAE is 0.074% and it is concluded that
it is also suitable for use in the optimization of the operating point of the
reformer.
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