Lecture Note #11 (Fall, 2020)
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System analysis

-Fuel cell system: fuel processor, cell stack, power conditioning section
-the oxidant (air): compressor or blower needed

-Fuel processor

e.g.

CH,+H,0 Y CO ,+ ré&dimation

CO+H,0 Y C®, water-gas shift reaction

CO+050,Y CQpO selective oxidation

-Design consideration factors:

Exhaust
efficiency, system size, cost, durability I
Fuel Electrical
proltz:l;zlsor Cell stack Corll:;ci)tivi)el‘:’ing P
Oxidant

Figure 10.1 Generic fuel-cell system operating on fuel and
oxidant. There are three main subsystems: fuel processor, the cell
stack, and the power conditioning subsystem.
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V Efficiency of the fuel cell (based on the free energy change)
= the net electrical work produced / the energy available from the reactants
net electrical output '

Msys = energy available from the fuel
IV — ancillary power — electricdl losses  (10.1)
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V System thermal efficiency (more, common, based on the change of
enthalpy)
For CH,O, + (x + 4lyi z/2)0,Y x G®©(y/2)H,0 (10.2)

net electrical output

enthalpy of combustion
I V¢ — ancillary power — electrical losses

y
AHy, fuet — %AHy,c0; + EAHf,HZO(g))

M =

it (
IN Vce;l ancillary power — electrical losses

AHy, fye — xAHy co, — %AHf,HzO(g))
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(10.3)



-The enthalpy of reaction depends strongly on the phase of the product of
water

() HHV (the higher heating value) assumes that the product water is liquid
phase

(i) LHV (the lower heating value) assumes the vapor phase

Y usually LHV is used

lllustration 10.1

V System thermal efficiency as the product of the fuel efficiency, thermal
voltage efficiency, power-conditioning efficiency, mechanical efficiency

CI.th = d.fuel X C1.V,t X C'.pc X Ci.mech (10-4)

Fuel efficiency(d;,.): the fraction of the fuel fed into the system that
contributes to the electrical current in the fuel cell

fuel that contributes to current in fuel cell

luel = " otal amount of fuel that is supplied
_ ' wry-20)F _ e [ vry—20)F (10.5)
mf,cell _”E{_ ’
M; My T~ Flow rate through a single cell &

all of the cells in the stack



Thermal voltage efficiency(dy,): how effectively the energy from the fuel is
converted to electrical power i n tl}

in the cell Y the operating potent.
enthalpy of the reaction expressed in [J/C]

Vcell
Nve = > - (106)
(AH f,fuel — xAH 8.6, aatoa AHf ,HQO(g))

2
(4x+y—22)F

We can also express thermal voltage efficiency in terms of
the voltage efficiency for fuel cells introduced in Chapter 9:

_ se[{AG\ Ve (AG
Nyt —U’;/(AH) =7 (Kﬁ) (10.7)




Power-conditioning efficiency(d,): converting DC power to AC power

_ conditioned electrical power

- gross electrical power from stack
electrical losses

gross electrical power from stack

e
(10.8)

] &

These losses may also come from electrical resistances in the
cables and contact resistances, as well as losses from the power
conversion. Finally, a mechanical efficiency is defined as

net electrical power
conditioned electrical power
ancillary power
~ conditioned electrical power |

Nmech =
(10.9)

Energy of the fuel that does

not directly contribute to -,
electrical current power of cell Conditioned
power

stack
| |
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Energy of the .. . Net electrical
Fuel efficiency voltage conversion
fuel - power
efficiency

efficiency
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Figure 10.2 Power flow and efficiencies for fuel-cell systems.
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Basic stack design concepts

Table 10.1 Typical High-Level Requirements

Requirement Units Comments

Average net power w Conditioned electrical power
minus ancillary power
requirements

Nominal, maximum, V Output voltage of the cell

and minimum stack, not an individual cell.

voltages

System efficiency -~ As is done in practice, we’ll
use the LHV, Equation 10.3.

Fuel source - Examples are compressed

hydrogen, industrial natural
gas, methanol

Oxidant source - Air in all but a few instances

Weight or mass kg

Volume m?

Heat sink ~ Available means to reject heat,
typically the atmosphere is the
sink

Lifetime years Important, but beyond the

scope of this book




