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The analytic sensitivities of the objective function f , with respect to any of

the design variables pi, can be obtained using functional analysis as
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∂uj
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H
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where u is the vector of unknowns solved for by the analysis program, p is

the vector of design parameters, i = 1, . . . , 8, j = 1, . . . , 5, ∂(∇·i)
∂uj

and ∂(∇·i)
∂pi

are obtained by analytical differentiation of the nonlinear expression ∇ · i with

respect to the solution vector and the design variables respectively and, finally,

the term ∂uj

∂pi
is unknown and represents the change of the solution vector with

respect to the design variables. This latter vector can be obtained by noticing

that the residual of the governing equations has to be zero at the solution

and that any perturbation in the parameters of the system should result in no

variation of the residual if the governing equation is to be satisfied. Therefore,

the total derivative of the residual has to be zero. Then, ∂uj

∂pi
is computed by

solving the system of partial differential equations given by

∂R(u,p)
∂uj

∂uj

∂pi
= −∂R(u,p)

∂pi
(2)

where ∂R(u,p)
∂uj

∂uj

∂pi
and ∂R(u,p)

∂pi
represent the derivatives of the governing equa-
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tions in (1) in the main text with respect to the solution vector and the design

variables respectively. These are obtained using functional analysis. Note that
∂R(u,p)

∂uj

∂uj

∂pi
is a directional derivative and therefore results in a differential equa-

tion with the vector ∂uj

∂pi
as the unknown [1, 2]. A more detailed explanation of

the methodology used to solve the fuel cell governing equations and the sensi-

tivity equations is given in reference [3].
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