
Energy Conversion & Storage Systems
1399, Semester II, Lecturer: H. Moqtaderi
Problem Set 3
Deadline: 1400/02/12, 14:59

1. Overall reaction of a H2-Air Fuel cell, can be considered as

and its working temperature is 353 K. Assuming working pressure and species activ-
ities are all at standard conditions, calculate LHV (in which assumed all the product
water is in the gas phase) and HHV (in which assumed all the product water is in
the liquid phase) reversible (open-circuit) voltage by each of the following methods
and approximations:

(a) Using the following approximation, that is ∆ĥ0 and ∆ŝ0 are independent of
temperature:

∆ĝ(T )≈ ∆ĥ0 −T ∆ŝ0

(b) Assuming constant ĉp (kJ/(kmol ·K)) for each of species, given in the following
table:

Hint: You should use the integral form to calculate properties changes.
(c) Using the given polynomials (Ru = 8.314 kJ/kmol ·K) and following table to

approximate ĉp (kJ/(kmol ·K)) as a function of temperature. First, define
separate Simulink blocks to calculate thermodynamic properties like ĝ, ĥ and
ŝ based on given inputs: species name and temperature. Then, develop a
MATLAB-Simulink model, to predict reversible LHV and HHV voltage.

(d) Develop a MATLAB-Simulink model be capable to compare the results in case
(a), (b), and (c) and to report the differences in any other temperature than
353 K.
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2. Given a hydrogen-air fuel cell operating at 353 K. Assume the hydrogen and water
vapor mole fractions in the anode are 0.8 and 0.2, respectively, and the oxygen,
nitrogen, and water vapor mole fractions in the cathode are 0.15, 0.75, and 0.1,
respectively. In addition, the cathode and anode working pressures are 3 and 2 bar,
respectively.

(a) Extend the developed MATLAB-Simulink model in problem 1, to predict LHV
and HHV open-circuit (reversible) voltage using the assumption of case (c) in
problem 1.

3. Given an H2–air fuel cell operating at 100 ◦C with vapor phase water as the product.
Determine the approximate expected change in voltage if air is replaced with oxygen,
with all else remaining the same.

4. Chapter 2, problem 51.

5. Chapter 2, problem 61.

6. Chapter 2, problem 101.

7. Chapter 2, problem 111.
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