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Cell voltage U fc = f I fc( ) ⋅ N

ṁH 2 = λH 2 ⋅ N ⋅ MH2

2 ⋅ F
⋅ I fc

ṁair = λair ⋅N ⋅ Mair / 0.21

4 ⋅ F
⋅ I fc λair ≥ 1  (typically 1.5 … 2)

λH 2 ≥1  (typically 1.1 … 1.2)
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Cell current I fc = Pel + Paux

Ufc ⋅ N

Auxiliaries Paux = g(ṁair ,ṁH2)

Massflows

Paux,air = ṁair ⋅ cp,air T1 π κ air −1( ) /κ air −1( )
1

ηC ηEM

e.g.

Solve implicit loops using affine approximation
 for the cell voltage and noting that 

the auxiliary power is typically 
linear in the cell current

Pel = input
(desired net power)
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¥ Cooling not trivial (several 10 kW at rated loads), water-cooling requires 
  de-ionized water
¥ FC efficiency at low loads very poor due to auxiliaries

Result:

Remarks:

-

system efficiency

electrochemical efficiency



Dynamic effects (estimates of the time constants or delays)

                    electrochemistry (dissociation and recombination kinetics)

                    RC-element (electrode/membrane system)

                    hydrogen and air manifolds (mass storages)

                    membrane water content

                    flow control/supercharging devices

                    cell and stack temperatures
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Consequence:

Ufc (t) = f (i fc(t),Tfc(t), pO2
(t), pH2

(t),xH2O(t),…)

output input

static function dynamically varying parameters



mH , in
.

x0 l

µH

.
2

µO

.
2

µH  O

.
2

p

2
mH , out
.

2

H , in2

mH , a
.

2
mH , b
.

2

p
H , out2

mair, in
.

m
.

air, am
.

air, b
mair, out
.

pair, out pair, in

NSF-WS Santa Barbara June '99,   page Ð  23 Ð
Lino Guzzella, Control Oriented Modelling of Fuel-Cell Based Vehicles Modeling and Control of FC Systems

¥ Manifolds described by classical "empty-and-filling" dynamics

¥ Between the manifolds laminar flow takes place in the many narrow  grooves

¥ Massflow not constant along the x-direction (diffusion into/from the membrane)

µ̇H2
= MH2

I(t) /(2 ⋅ F) etc.
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¥ Laminar flow-law

¥ Flow incompressible but not constant due to the electrochemistry; assume uniform reaction 
  intensity        along xµ̇…

¥ Resulting pressure profile

¥ Resulting mass-flows

ṁH2
(x,t) = ṁH2,a(t) − x

l
⋅ µ̇H2

(t)

˙ H2 ,a(t) =
kH2

l
pH2,in (t)− pH2,out(t)( ) + 1

2
⋅ µ̇H2

(t)

˙ H2 ,b(t) =
kH2

l
pH2,in (t) − pH2,out(t)( )− 1

2
⋅ µ̇H2

(t)

pH2
(x,t) = pH2,in (t) − x

kH2

⋅ ṁH2,a(t) + x2

2kH2
l
µ̇H2

ṁH2
(x,t) = −kH2

⋅
∂pH2

(x,t)

∂x


